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Abstract

Background—~Pet ownership and cancer are both highly prevalent in the U.S. Evidence suggest
associations may exist between this potentially modifiable factor and cancer prevention, though
studies are sparse. The present report examined whether pet ownership (dog, cat, or bird) is
associated with lower risk for total cancer and site-specific obesity-related cancers.

Methods—A prospective analysis of 123,560 participants (20,981 dog owners; 19,288 cat
owners; 1,338 bird owners; and 81,953 non-pet owners) enrolled in the Women’s Health Initiative
(WHI) observational study and clinical trials. Cox proportional hazards models were used to
estimate hazard ratios (HR) and 95% confidence intervals (Cl) for the association between pet
ownership and cancer, adjusted for potential confounders.

Results—There were no significant relationships between ownership of a dog, cat, or bird and
incidence of cancer overall. When site-specific cancers were examined, no associations were
observed after adjustment for multiple comparisons.
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Conclusion—Pet ownership had no association with overall cancer incidence.

Impact—This is the first large epidemiological study to date to explore relationships between pet
ownership and cancer risk, as well as associated risks for individual cancer types. This study
requires replication in other sizable, diverse cohorts.
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INTRODUCTION

Cancer is among the leading causes of death in the United States (1). The incidence of
cancer is linked to several modifiable behavioral and lifestyle risk factors such as obesity,
physical inactivity, and sedentary behavior (2, 3). Furthermore, cancer has been positively
associated with numerous environmental risk factors (4) and stress related psychosocial
factors (5). Efforts to identify other potentially modifiable factors that may be associated
with lower cancer risk are warranted.

According to the 2015-2016 National Pet Owners Survey, 65% of U.S. households (79.7
million) own a pet (6). Given this estimate and the health benefits pets provide, the “One
Health” agenda is advocating for an integration of human, animal, environmental, and
ecosystem health (7). Several studies have shown that the presence of dogs and cats in
households is associated with reductions in the risk of atopic diseases related to increased
environmental exposure to endotoxins (8-10). Consequently, it has been suggested that dog
and cat ownership may improve immune function and play a protective role in the
carcinogenesis of cancer, particularly non-Hodgkin’s lymphoma (11, 12). Despite this
evidence, specific biological mechanisms linking pet ownership to cancer are lacking and
efforts to identify an association between pet ownership (dogs, cats, or birds) and cancer risk
have been limited to case-control studies with mixed results (12-19). For example, Tranah
and colleagues (13) demonstrated dog ownership and cat ownership at any time was
associated with a lower risk of non-Hodgkin’s lymphoma as compared to never owning a
pet. Conversely, Laumbacher et al. (12) found that 69 breast cancer patients in Germany
were significantly more likely to own dogs as compared to 1,320 age-matched controls.
These findings, and the fact that pet ownership is a potentially modifiable exposure, support
the need for further investigation of the relationship between pet ownership and cancer risk.
The purpose of the present study was to expand upon existing evidence using findings from
the well-characterized, diverse sample of over 160,000 postmenopausal women enrolled in
the Women’s Health Initiative (WHI) observational study and clinical trials (20, 21). The
relationships between pet ownership and cancer risk were evaluated under the hypothesis
that pet ownership compared to not owning a pet would be associated with lower risk for
total cancer.
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MATERIALS AND METHODS

Study design and sample

Between 1993 and 1998, the WHI recruited a large and diverse sample of postmenopausal
women (50 to 79 years of age) to participate in one or more clinical trials (7= 68,132) or an
observational study (7= 93,676) (20). Detailed information regarding the study design has
been published elsewhere (20). In brief, the clinical trials included a randomized, placebo-
controlled trial of hormone therapy (estrogen alone or estrogen plus progestin), a trial of
calcium and vitamin D supplementation, and a low-fat diet modification trial. Women could
enroll in one or more clinical trials if they met eligibility criteria. Women found to be
ineligible, unwilling, or not interested in participating in a clinical trial were invited to
participate in the observational study. All women provided written informed consent prior to
enrollment, and study procedures were approved by the Institutional Review Boards of the
40 U.S. participating clinical centers. Women were excluded from the present analysis if
information on pet ownership was missing (7= 1,824), if they owned multiple types of pets
(n=11,540), or had pets other than dogs, cats, or birds (n=7,048). An additional 14,152
women with a personal history of cancer (or unknown personal history of cancer) were
excluded, plus 546 with missing follow-up data regarding health status that would inform on
any new cancer diagnosis. A further 2,708 and 430 women who had incident cancer or
death, respectively, within the first 2 years of follow-up, were excluded. Thus, the final
analytic cohort included 123,560 participants, of which 19,396 (15.7%) developed cancer
during follow-up (mean follow-up time 11.0 + 5.0 years; 1,362,658.1 person-years of
follow-up).

Pet ownership

For the purpose of this analysis, women were identified as a pet owner if they self-reported
at baseline that their current pet was a dog (7= 20,981), cat (= 19,288), or bird (n=1,338)
(22). Non-pet owners (n= 81,953) were participants who did not report owning pets of any
type at baseline.

Ascertainment of cancer outcomes

Cancer outcome definitions, documentation, and classifications applied within the WHI have
been published in detail (23). Briefly, participants self-reported whether they had been
diagnosed with any clinical outcomes on a pre-specified list, including any cancer, twice per
year. In addition, enrolled women were expected to undergo cancer screenings including
colonoscopies, pap smears, and mammograms. Self-report of cancer was verified by medical
record and pathology review by a centrally trained WHI physician adjudicator at each of the
participating clinical centers (23). Central adjudication and coding were conducted using the
National Cancer Institute’s Surveillance, Epidemiology, and End Results coding system
(24). The current analysis includes solid tumor obesity-related cancers (invasive breast,
colorectal, endometrial, kidney, bladder, stomach, lung, and ovarian) and lymphoma
adjudicated through August 2014.
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Demographic information, personal habits, and psychosocial measures were collected at
baseline using study-specific questionnaires (20). Available data included self-reported age,
race/ethnicity, education (< high school, some college, = college), neighborhood
socioeconomic status (NSES) (0-100; higher scores indicating greater affluence), living
alone status (no, yes), alcohol use (drinks/week), smoking pack-years (never smoker, <5, 5
to 19, and = 20), hormone replacement therapy (HRT) use (never, former, current), and
history of diabetes (no, yes). Depression was measured by using participant responses to the
Burmam 8-item scale (25). Values range from 0-1, with higher scores indicating greater
depression symptomatology. A threshold of 0.06 represents women who experienced
symptoms consistent with major depressive disorders (25). Social support was measured
with 9 items from the Medical Outcomes Study Social Support Survey (26). Total scores are
the sum of scores for the 9 items and range from 9-45. Additional exposures suggested to
alter cancer diagnosis include overweight/obesity (27, 28), diet quality (29), and physical
activity (30). Height, weight, and waist circumference (WC) were measured at baseline by
certified staff using standardized procedures and instruments. Body Mass Index (BMI)
(kg/m?) and WC were categorized according to standard cutoffs (31). Estimates of overall
diet quality were calculated according the Healthy Eating Index (HEI)-2005 (32, 33).
Physical activity was measured using a validated self-reported questionnaire (34, 35) and
categorized a priori as = 7.5 MET-hr/wk (consistent with current federal guidelines of 150
min/wk) (36, 37).

Statistical analysis

RESULTS

Baseline characteristics were compared between pet owners (dog, cat, or bird) and non-pet
owners using chi-squared tests for categorical variables or ANOVA for continuous variables.
Cox proportional hazards models were used to estimate hazard ratios (HR) and 95%
confidence intervals (Cl) for the association between pet ownership and cancer, adjusted for
potential confounders, identified as variables associated with both pet ownership and any
cancer (p < 0.10). Thus, multivariate models were adjusted for age, race/ethnicity, NSES,
education, BMI, waist circumference, smoking, alcohol, HEI-2005, physical activity, HRT
use, history of diabetes, living alone, and social support. Participants were censored at the
time of last known contact or death; in the analysis of specific cancers, women were not
censored at the occurrence of another cancer. Multiple comparisons were corrected using
Bonferroni adjustment. Since there were nine cancer types tested, a p-value had to be lower
than 0.006 to be statistically significant for multiple comparisons adjustment. Specific to
breast cancer models, women without a mammogram within 2 years before baseline were
excluded. All analyses were conducted using Stata 14.1 (StataCorp, College Station, TX).

Baseline characteristics of study participants

The final analytical sample comprised 123,560 participants (20,981 dog owners; 19,288 cat
owners; 1,338 bird owners; and 81,953 non-pet owners) with the majority reported to be
non-Hispanic white and well educated (Table 1). Pet owners were generally younger, less
likely to live alone, and reported higher HEI-2005 scores, less time engaging in physical
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activity, and more pack-years of smoking compared to non-pet owners. In addition, dog and
bird owners had higher mean BMI than non-pet owners.

Pet ownership and cancer risk

In age-adjusted and multivariate models, there were no significant relationships between pet
ownership (dog, cat, or bird) and incidence of cancer overall (Table 2). Cat ownership was
associated with a 15% higher incidence of lung cancer in age-adjusted models (HR, 1.15;
95% ClI, 1.02-1.29); this relationship was not statistically significant in the multivariate
model after adjustment for multiple comparisons. However, in a sensitivity analysis
restricted to never-smokers (Table 3), the association between cat ownership and lung cancer
was still in the positive direction (HR, 1.13; 95% CI, 0.80-1.59). In addition, cat ownership
was associated with a 29% lower incidence of endometrial cancer (HR, 0.71; 95% ClI, 0.52—
0.95) compared to non-pet owners; however, this relationship was not statistically significant
after adjustment for multiple comparisons. There were no significant associations between
pet ownership (dog, cat, or bird) and overall cancer incidence or any other specific cancer
types when stratifying by BMI, physical activity, or living alone (data not shown).

DISCUSSION

The present study is the largest prospective study, to our knowledge, that explores pet
ownership and cancer risk. Of the 123,560 postmenopausal women included in the analysis,
19,396 incident cancers were reported. Pet ownership (dog, cat, or bird) was not found to be
associated with overall cancer risk and no associations with specific cancers existed after
adjustment for multiple comparisons. Notably, pet owners were more sedentary, had a higher
pack year smoking history and a higher BMI compared to non-pet owners.

Our exploratory findings contribute to the limited literature on pet ownership and cancer
risk. Tranah and colleagues (13) examined the relationship between dog and cat exposures
and non-Hodgkin’s lymphoma in a case-control study (1,591 cases, mean age 57 years; and
2,515 controls, mean age 54 years) of men and women in the U.S. Dog and cat ownership at
any time as compared to those who never owned a pet was associated with a 21% lower risk
of non-Hodgkin’s lymphoma (OR, 0.79; 95% ClI, 0.54-0.94). Longer duration of cat and
dog ownership was inversely associated with non-Hodgkin’s lymphoma risk (p-trend=0.008
and 0.04, respectively). Although we did not have specific information on non-Hodgkin’s
lymphoma, we found no evidence to support an association between pet ownership and
lymphoma. Laumbacher et al. (12) compared the frequency of pet ownership in 69 breast
cancer patients and 1,320 age-matched controls in women ages = 30 y or more living in
Germany. Breast cancer patients were interviewed about keeping household pets at the
moment of seeking consultation for immunotherapy. Approximately 37.7% of breast cancer
patients owned a dog at the time of consultation and throughout the previous ten years
compared to 14.8% in the age-matched control population (RR, 3.5; p< 0.001). There was
no difference in cat ownership between the groups. Our data showed no evidence on an
association between pet ownership and breast cancer risk regardless of the type of pet.
Swensen et al. (14) demonstrated no association between exposure to pets (either any pet,
dog, or cat) and the development of childhood leukemia (OR, 1.01; 95% CI, 0.89-1.20) in a
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case-control analysis (1,248 cases and 1,358 controls) of children in the U.S. and Canada. To
our knowledge, the risk of developing other specific cancer types in dog and cat owners
versus non-pet owners has not been examined previously.

While the present study did not demonstrate a significant association between cat ownership
and incident lung cancer after adjustment for multiple comparisons, associations between
pet ownership and altered immune function and desensitization to allergens are well
accepted (7). Specifically, exposure to allergens from dander within the household (e.qg.,
bedding, furniture, carpets) could be inhaled into the lungs, inciting a subtle, chronic
immune response that leads to chronic inflammation and eventual cell cycle dysregulation
(38). It is also possible second hand smoke exposure may be embedded in the fur and
inhaled by its owner, promoting cell inflammation and lung tumorigenesis (39, 40). An
exploratory analysis of current smokers in our study who owned either a dog or cat (or both)
at baseline supports this hypothesis. Among current smokers, dog/cat ownership was
associated with a 24% higher incidence of lung cancer in a multivariate model (HR, 1.24;
95% ClI, 1.04-1.48). The most plausible explanation for this finding is that analytical
adjustment may not be adequate given the strong association between smoking and lung
cancer (41). These findings should be further evaluated to determine if they can be replicated
in other cohorts.

Strengths and limitations

Our study’s strengths lie in our study sample, which has well characterized demographic,
lifestyle, and clinical variables, and detailed long term exposure data for a diverse, large
sample of older women including information regarding pet ownership. However, even
though follow-up time was long on average, it may not have been long enough to observe an
association between pet ownership and overall cancer risk. Further, the duration of pet
ownership was not collected in our study, including the history of pet ownership or the
number of pets present in the household. Common behavioral patterns of pet owners, such as
dog walking time and physical exertion, were not discretely measured; although, we
previously demonstrated that dog owners were more likely to walk = 150 min/wk and be less
sedentary than non-dog owners in the WHI (22). Moreover, there were only 20 cases of
lung-cancer among bird owners in the present study. Thus, there is limited power to evaluate
associations between bird ownership and lung-cancer risk. Finally, data for potential
environmental mechanisms of carcinogenesis (e.g., occupational or home/outdoor endotoxin
and pollutant exposure), immune status, or allergies of women that could have influenced
our findings were not collected at baseline and therefore were not included in our
investigation. Cat owners in particular may have an added environmental exposure related to
the litter box particulates that could be explored in future investigations.

CONCLUSION

Pet ownership was not associated with overall cancer risk among postmenopausal women.
To our knowledge, the current investigation, derived from the well-characterized WHI
prospective study, is the first large epidemiological study that has explored pet ownership
and overall cancer risk, as well as associated risks for individual cancer types. This study
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contributes to the sparse existing literature on pet ownership and cancer risk and raises the
need for future analysis of other sizable, diverse cohorts. Future research should consider
collection of environmental exposures that may differ for individuals with or without various
pets.
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Table 1

Baseline characteristics of women according to pet ownership status: % or mean + SD (Women’s Health

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Initiative, United States, 1993-1998)

Characteristics? No petsn =81,953 Dog(s) only n=20,981 Cat(s) only n=19,288 Bird(s) only n=1,338
Age (y)

mean + SD 64.1+7.1 61.7+7.0 61.8+7.1 62.3+7.4
Race/ethnicity

Non-Hispanic white 80.4 80.6 91.1 75.0

Black 11.4 8.69 3.66 6.28

Hispanic 3.72 5.35 2.29 11.7

Other/unknown 4.55 5.35 2.96 7.03
NSES 75.7+88 75.4+838 76.6 £7.8 73.8+9.5
Education

< High school 23.6 23.2 17.7 32.8

Some college 36.9 404 36.8 374

= College 39.5 36.5 45.6 29.7
BMI (kg/m?)

<25 36.0 32.6 37.2 32.0

25-29.9 35.1 34.9 33.9 34.1

=30 28.9 32,6 28.9 338

mean + SD 27858 28.36.0 27.8+6.0 285+6.1
Waist circumference (cm)

<88 61.8 58.7 615 56.9

> 88 38.2 41.3 385 43.1

mean + SD 85.9+13.6 87.1+13.9 86.2+14.1 87.6+14.3
Smoking pack-years

Never smoker 54.2 51.1 49.5 54.2

<5 14.3 14.6 15.0 14.6

5t0<20 141 15.0 14.9 12.8

220 17.4 19.4 20.6 18.4
Alcohol use (drink/wk)

<1 62.7 64.1 58.1 68.2

1-7 25.9 24.6 28.5 22.6

27 11.3 11.2 13.4 9.28
HEI-2005 67.9+10.6 66.2 +10.8 67.2+10.7 66.9 +10.7
Physical activity (MET-hr/wk)

<75 445 48.4 46.6 49.0

=275 55.5 51.6 53.4 51.0

mean + SD 12.7+138 11.8+134 12.2+135 12.0+13.3
HRT use

Never 45.1 40.6 41.2 46.3

Former 15.6 15.2 14.7 16.5
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Characteristics? No petsn =81,953 Dog(s) only n=20,981 Cat(s) only n=19,288 Bird(s) only n=1,338
Current 39.3 44.3 44.1 37.3
History of diabetes
No 95.7 95.4 96.3 94.0
Yes 4.26 4.59 3.69 5.98
Live alone
No 67.6 78.3 69.2 71.0
Yes 324 21.7 30.8 29.0
Depression score
<0.009 76.8 73.4 74.3 2.7
0.009-0.06 133 145 14.8 15.7
> 0.06 9.93 121 11.0 11.6
Social support construct 36.1+7.7 36.0+£7.7 358+7.7 35.1+8.2

Abbreviations: NSES, neighborhood socioeconomic status; HEI-2005, healthy eating index-2005; HRT, hormone replacement therapy

aMissing data: NSES (n=12,058; 9.8%), education (n=907; 0.7%), BMI (n=1059; 0.9%), waist circumference (n=444; 0.4%), smoking pack-years
(n=4050; 3.3%), alcohol (n=750; 0.6%), HEI-2005 (n=3719; 3.0%), physical activity (n=5599; 4.5%), HRT use (n=112; 0.1%), history of diabetes

(n=99; 0.1%), live alone (n=13,521; 11.0%), depression (n=2999; 2.4%), social support (n=2805; 2.3%).
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