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Abstract

Background Despite the popularity of pets, research on the relationship between pet ownership and the risk of cancer remains
minimal and inconclusive.

Aim To longitudinally examine the association between pet ownership and the risk of dying from colorectal cancer.

Methods We analyzed the data of a nationally representative cohort of 13,929 adults aged > 19 years who answered the question
about pet ownership in the Third National Health and Nutrition Examination Survey (NHANES), 1988-1994. The vital status
was followed through 31 December 2010.

Results Approximately, 43% of the participants had pets, 26% with dogs, 20% with cats and 5% with birds. By the end
of an 18-year follow-up (mean=15 years), 70 colorectal cancer deaths were recorded. After adjustment for socio-
demographic factors, cigarette smoking, alcohol drinking, body mass index, physical activity, history of atopic condi-
tions and serum cotinine measured at the baseline survey, the hazard ratio (HR) of dying from colorectal cancer
associated with having any pets was 2.83 (95% CI=1.51-5.30) compared with non-pet owners. This association was
largely attributed to owning a cat. The HR of dying from colorectal cancer for owning a cat was 2.67 (1.22-5.86). The
HR for owning a dog was 0.89 (0.37-2.12).

Conclusions Having a cat was significantly associated with an elevated risk of dying from colorectal cancer among the general
population. The observed detrimental effects the cats conferred may not be explained by confounding effects from socio-
demographics, cigarette smoking, sedentary life or atopic conditions.
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et al. 2013). However, detrimental effects on health outcomes
(Moody et al. 1996; Parker et al. 2010; Parslow and Jorm
2003), specifically increased risk of cancer, for pet owners over
non-pet owners were also reported elsewhere (Franti et al. 1980;
Holst et al. 1988; Laumbacher et al. 2006; Petridou et al. 1997).

To the best of our knowledge, as of today, only one study
has longitudinally assessed the relationship between the risk
of cancers and pet ownership in the general population of the
USA. Almost all previous studies were cross-sectional (Franti
et al. 1980) or case-control studies (Alavanja et al. 1996;
Gardiner et al. 1992; Holst et al. 1988; Kohlmeier et al.
1992; Laumbacher et al. 2006; Modigh et al. 1996; Morabia
et al. 1998; Petridou et al. 1997; Swensen et al. 2001; Tranah
et al. 2008). Cancer generally takes a long time to develop,
casting substantial concerns over the validity of data collected
retrospectively in previous studies. In addition to recall biases,
most previous studies also used hospital-based controls, bring-
ing selection bias to the association in question (Kohlmeier
et al. 1993). To address these limitations, and fill the gap
between the increasing popularity of pets and scarcity of
high-quality evidence on the association between pet owner-
ship and cancer, we analyzed the data of a nationally repre-
sentative cohort from the general population to examine the
relationship between pet ownership and the risk of dying from
colorectal cancer, one of the most common cancers diagnosed
in both men and women in the US (Cronin et al. 2018).

Methods
Study population

We used the data collected in the third National Health and
Nutrition Examination Survey (NHANES III) conducted in

1988—-1994. The NHANES III consisted of a nationwide prob-
ability sample of non-institutionalized civilians. We restricted
our analyses to 17,388 adults aged 19 and older whose informa-
tion related to pet ownership was assessed at the baseline survey
in 1988-1994, and the vital statuses were available by the end of
2010. In total, 13,929 participants were retained for the main
analyses after exclusions due to various reasons (Fig. 1).

Baseline data collection

NHANES III baseline data were collected during an in-home
interview and a subsequent visit to a mobile examination cen-
ter (MEC). The demographic and health-related information
was collected using a standardized questionnaire/protocol.
Informed consent was obtained from all NHANES partici-
pants by the National Center for Health Statistics, which ad-
ministrated the survey.

Pet ownership

In the housing characteristics section of the household inter-
view, respondents were asked a two-part question about
whether a pet resided in the home: “Does a pet live here? If
yes, what type of pet is it?” The response choices included
dog, cat, bird, fish, rodent, rabbit, reptile, farm pet and other.
Given the relatively small number of persons who had pets
other than dogs, cats or birds, the current study examined the
association between death of colorectal cancer and the own-
ership of dogs, cats or birds when looking at the type of pets.

Physical activity level and body mass index (BMI)

Sedentary lifestyle has been documented to be associated with
the risk of colorectal cancer (Kerr et al. 2017); therefore,

. Uncompleted pet ownership
1988-94 NCHS had updated the mortality data (n=9)
NHANES III linkage to the NDI through December
Examination 31,2010 N Data on history of asthma
Baseline =2
( ) Vital statuses are not (=2
available or younger than f a1
. . Income data not available
N}ltrlt.lon 19 years old: 13,946 Aged 19 + years, N (- 1675)
examination and with vital status .
detailed health Eligible: 17,375 data Excluded
examination (n=17,375) Education data not available
N=33,994 — . i - (n=493)
Ineligible, insufficient
data for matching: 2,673 Included —4| Marital data not available
(n=11)
A total of 13,929 participants were available for this analysis _,| Drinking and smoking data not
available (n=24)
Missing data of serum cotinine

NHANES III=the third National Health Examination and Nutrition Survey

(n=1232)

Fig. 1 Flow chart of the study population included; 13,929 adults aged 19+ years, NHANES III follow-up study 19882010
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physical activity level and body mass index were included as
the potential confounders. Physical activity was assessed as the
monthly frequency of these activities: walking, jogging, bik-
ing, swimming, calisthenics, gardening, weight lifting, aero-
bics and dancing. Participants listed up to four activities they
had engaged in that lasted at least 10 min and involved mod-
erate or vigorous effort. Monthly physical activity was convert-
ed to weekly physical activity. The level of physical activity
was categorized as “vigorous” as participating in such activity
every day, “moderate” if 4-5 times per week and “light” if 1-3
times per week, otherwise as “physically inactive.” Body mass
index (BMI) was calculated as directly measured weight in
kilograms divided by height in squared meters (kg/m?).

Cigarette smoking, alcohol drinking and atopic conditions

Behavioral risk factors play crucial roles in the develop-
ment of colorectal cancer, especially alcohol drinking and
cigarette smoking (Hamada et al. 2018; Rossi et al. 2018).
We defined current alcohol drinking as “heavy” if the re-
spondents reported that, in the last 12 months, five or more
drinks were consumed on more than 10 days and
“moderate” if the number of days on which five drinks or
more were consumed was < 10 days, otherwise as “rare or
lighter.” Tobacco smoking status was categorized as
“never/rare,” “former” and ‘“current.” The formers and
the currents were further classified as “moderate/heavy
smokers” if the respondents reported that ten cigarettes or
more were smoked per day, otherwise as “light smokers.”
Serum cotinine, an alkaloid found in tobacco and also the
predominant metabolite of nicotine, was used to control for
underreporting of cigarette smoking or exposure to envi-
ronmental tobacco smoke. Self-rated health condition has
been associated with total mortality and may serve as a
proxy of risk-adjustment effort (Lainscak et al. 2014) .
The history of asthma was used as the proxy of atopic
diseases and was assessed using the Medical Condition
Module (MCM) of NHANES. The MCM interview was
conducted at the MECs to collect self-reported data on a
broad range of health conditions. The respondents were
asked, “Has a doctor or other health professional ever told
you that you had any of the following conditions?” This
was followed by a list of various chronic and acute condi-
tions, some described with vernacular expressions,
representing prevalent conditions in the US population.

Socio-demographics

Race/ethnicity was coded as whites, blacks or Mexican
Americans. Regardless of age, educational attainment was
measured as the highest completed grade of school and cate-
gorized into high school/equivalent or below, some college
years and college graduate or above. Family income was

assessed using the poverty income ratio (PIR), calculated from
the previous year’s family income and family size, and com-
pared with the federal poverty line (PIR =1) (Housing and
Household Economic Statistics Division 2009; Lainscak
et al. 2014). Marital status was classified into two categories:
married or others, which included never married, widowed,
divorced and separated.

Following up of vital status and death from colorectal cancer

A total of 12 identifiers (social security number, sex, date of
birth, etc.) were used to link NHANES III participants with the
National Death Index to ascertain vital status and the cause of
death. Vital status ascertainment was based upon the results
from a probabilistic match between NHANES III and death
certificate records. More than 96% of deceased participants
and all living participants were successfully followed up and
correctly classified. The cause of death was determined using
the underlying cause listed on the death certificate. The
International Classification of Diseases, Injuries and Cause
of Death (ICD) 10th revision was used to code deaths after
1999, and deaths in 1999 and before were originally reported
in ICD 9th but recoded using ICD 10th. The codes for colo-
rectal cancers included C18-C21 (malignant neoplasms of the
colon, rectum and anus).

Statistical analysis

We used SAS (SAS 9.4, Research Triangle Park, NC) proce-
dures for surveys with appropriate weighting and nesting var-
iables to produce accurate national estimates and adjust for the
over-sampling of specific populations. Using Cox proportion-
al hazard regression models, we estimated the adjusted hazard
ratios (HRs) for the relative risk and compared the risk among
pet owners over non-pet owners (reference). The 95% confi-
dence intervals (95% CIs) of HR were calculated, and the
p values were two tailed. The Cox models were run to adjust
for age, sex, race/ethnicity, family income, education attain-
ment, alcohol drinking, cigarette smoking, marital status,
body mass index, physical activity, self-evaluated health sta-
tus, serum cotinine and history of asthma measured at the
baseline survey. The person-year contributions from each par-
ticipant were calculated as the time between their date of the
baseline examination and the date of death (if it occurred), or
31 December 2010 (if still alive), whichever occurred first. To
assess reverse causality, we repeated the steps described above
but all deaths occurring in the first 2 years of the follow-up
were excluded. The participants with cancer diagnosed before
the baseline survey were also excluded from the sensitivity
analyses. We created time-dependent covariates to test the
proportional hazard assumption.
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Results

As nationally representative samples, the study population
reflected the demographic profile of the American population
in the late 1980s and early 1990s (Table 1). Whites, African
Americans, Mexican Americans and others accounted for
77.2%, 10.5%, 4.9% and 7.3%, respectively. Dogs were the
most popular pet, owned by 25.8% of the study population,

Table 1  Selected characteristics of the overall weighted study
population; 13,929 adults aged 19+, NHANES III 1988-1994"
Characteristic Level n° % (SE)°
Follow-up years Years (mean) 13,929 14.0 (0.23)
Age at interview Years (mean) 13,929 43.2 (0.44)
Gender Male 6565  48.4 (0.48)
Age group 20-39 6061  48.7 (0.99)
40-64 4734 372 (0.64)
65+ 3134 14.1(0.84)
Family income Poor 3142 12.5(0.82)
Near poor 3862  21.0(0.75)
Middle income 4528  39.6 (1.06)
High income 2397  26.9 (1.47)
Race and ethnicity White American 6025 772 (1.25)
Black American 3846  10.5(0.61)
Mexican American 3512 4.9(0.40)
Other 546 7.3 (0.81)
Alcohol drinking Rare/never 12,615 89.7 (0.51)
Light/moderate 1170 9.2 (0.52)
Heavy 144 1.0 (0.14)
Current, former smoking Never 6883  45.6 (0.75)
Former light 906 5.5 (0.26)
Former heavy/moderate 2493  19.8 (0.56)
Current light 941 4.5(0.31)
Current heavy/moderate 2706  24.5 (0.84)
4-level body size Underweight 309 2.5(0.19)
Normal weight 5308  42.8(0.91)
Overweight 4786  32.6 (0.64)
Obese 3510  22.1(0.76)
History of asthma Yes 999 8.1 (0.38)
Pet ownership® Any pet 4646  43.0 (1.13)
Dog 2889  25.8 (0.95)
Cat 1991 204 (0.79)
Bird 577 4.6 (0.40)

NHANES III = Third National Health Examination and Nutrition Survey;
SE = standard error

?The characteristics were measured at baseline conducted between 1988
to 1994

® Presented as percentage (standard error) unless otherwise specified. The
n was presented as unweighted but the % and its standard error
were weighted

¢ Some participants kept multiple pets in the home
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followed by cats (20.4%) and birds (4.6%). Pet ownership
varied across socio-demographic strata (Table 2). Almost half
of adults aged 20-64 years old, but about a quarter (25.8%) of
adults > 65 years, owned a pet. About 48% of white families
had a pet, along with 22% of African American families.
Current heavy or moderate smokers had the highest percent-
age of owning a pet (50.8%), while adults who never smoked
had the lowest percentage (37.9%). Pet owners were generally
more physically active and more likely to have a history of
asthma than their non-pet owner counterparts.

By the end of the 18- year follow-up (mean = 15 years), 70
colorectal cancer deaths were recorded, of which only 3 oc-
curred among bird owners (Table 3). Compared with non-pet
owners, the crude hazard of dying from colorectal cancer was
significantly higher among neither the owners of any pets nor
the owners of any specific type of pets; the crude HR was 1.37
(95% CI=0.74-2.55) for owning any type of pets. After ad-
justment for age, the HRs of dying from colorectal cancer
were significantly higher in pet owners than in non-pet
owners; the HR was 2.58 (1.38-4.81) for owners of any pets
and 2.30 (1.06-5.00) for cat owners. Owning a dog was not
significantly associated with the hazard of dying from colo-
rectal cancers; the age-adjusted HR was 0.90 (0.38-2.12).

It is important to note that adjustment for socio-demo-
graphics, risky health behaviors, serum cotinine and atopic
conditions at baseline increased rather than decreased the
HR estimates (Table 4). For example, the age-adjusted HR
of colorectal cancer death for owning any pet was 2.58
(1.384.81). After comprehensively adjusting for all the co-
variates included, the HR increased to 2.83 (1.51-5.30) for
owners of any pet. The association was mainly driven by
owning a cat, and the fully adjusted HR for owning a cat
was 2.67 (1.22-5.86). The adjusted HR for owning a dog
was close to the null value, i.e., 0.89 (0.37-2.12). Excluding
the study participants with prior diagnosed cancer at the base-
line survey (n=1232) made the association stronger, 4.34
(2.26-8.34) for owning any type of pets and 3.33 (1.45-
7.64) for owning a cat (data not shown). Excluding the deaths
occurring in the first 2 years of follow-up (n=338) did not
change the estimates. The adjusted HR was 2.85 (1.51-5.38)
for owning any type of pet and 2.67 (1.19-6.02) for owning a
cat, almost identical to the corresponding estimates obtained
from the main analyses. The p value for the interaction be-
tween pet ownership and time was 0.24, indicating no strong
evidence of an exponential trend over time in the hazard ratio
of dying from colorectal cancer because of having a pet.

Discussion

From a nationally representative cohort, we found that owning
apet, specifically a cat, was associated with an elevated hazard
of dying from colorectal cancer. The detrimental effect that
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Table 2  Pet ownership by socio-demographic and health behavioral characteristics; 13,929 adults aged 19+, NHANES III 1988-1994
Characteristic Dog owners Cat owners Bird owners Pet owners
(n=2,889) (n=1,991) (n=577) (n=4,646)
%" pb %" pb %" pb %" pb
Gender Male 26.0 (1.09) 0.52 19.7 (0.91) 0.14 4.28 (0.44) 0.12 422 (1.34) 0.19
Female 25.5(0.97) 21.1(0.92) 4.84 (0.44) 43.7 (1.16)
Age group (years) 20-39 257(1.17) <0.001 204 (1.18) <0.001 4.48(0.71) 0.03 445 (1.38) < 0.001
40-64 294 (1.31) 23.4 (1.00) 5.40 (0.53) 474 (1.54)
65+ 16.1 (1.19) 12.4 (0.85) 2.68 (0.44) 25.8 (1.28)
Family income level ~ Poor 18.3 (1.57) <0.001 14.9(1.48) 0.01 5.30(0.87) <0.001 34.2(2.23) <0.001
Near poor 22.6 (1.79) 18.6 (1.79) 4.41 (0.60) 38.7 (2.04)
Middle income 27.6 (1.64) 22.3 (1.50) 5.65 (0.71) 46.7 (1.85)
High income 29.0 (2.10) 21.6 (1.38) 2.77 (0.60) 44.8 (2.11)
Race and ethnicity White American 28.5(1.21) <0.001 23.7(0.87) <0.001 4.83(0.52) 0.09 47.6 (1.34) < 0.001
Black American 13.2 (0.92) 6.91 (0.68) 2.00 (0.36) 22.0 (0.96)
Mexican American 19.2 (1.54) 10.7 (1.28) 6.03 (0.55) 30.0 (1.91)
Others 18.7 (2.12) 11.2 (2.27) 4.57 (2.09) 322 (3.21)
Alcohol drinking Rare/never 25.4(091) 022 20.3(0.79) 0.53 4.55(0.43) 0.66 42.8 (1.10) 0.69
Light/moderate 28.6 (2.49) 21.7 (2.14) 4.50 (1.00) 44.6 (2.58)
Heavy 30.0 (5.81) 15.7 (4.81) 7.35(3.83) 44.1 (5.99)
Cigarette smoking Never 22.5(1.04) <0.001 174(1.11) <0.001 3.92(0.51) 0.05 379 (1.36) < 0.001
Former light 29.8 (3.04) 17.8 (2.34) 3.22(0.91) 444 (3.72)
Former heavy/moderate ~ 25.4 (1.75) 21.8 (1.50) 4.81 (0.65) 452 (2.02)
Current light 23.0 (2.92) 18.9 (2.63) 7.38 (1.72) 40.2 (2.87)
Current heavy/moderate ~ 31.7 (1.68) 25.7 (1.20) 5.37 (0.82) 50.8 (1.85)
Physical activity level ~No activity 22.3(1.50) 0.01 16.9 (1.30) <0.001 5.25(0.70) 0.50 37.5(1.61) <0.001
1-3 sessions per week 27.2 (1.79) 22.7(1.21) 4.37 (0.54) 454 (1.92)
4—6 sessions per week 28.7 (1.52) 23.9(2.12) 3.48 (0.95) 48.2 (1.86)
Daily 25.8 (0.89) 19.6 (0.88) 4.70 (0.73) 42.6 (1.15)
Body mass index Underweight 21.1 2.61) 0.46 21.3 (4.01) 0.07 4.21(2.20) 0.29 40.0 (4.17) 0.19
Normal weight 26.0 (1.07) 21.7 (1.06) 4.56 (0.62) 44.5 (1.40)
Overweight 253 (1.39) 18.2 (1.00) 3.92 (0.43) 41.2 (1.77)
Obesity 26.4 (1.41) 21.2 (1.50) 5.57 (0.70) 43.0 (1.36)
History of asthma No 253(0.95) 0.02 20.2 (0.76)  0.40 4.41(041) 0.16 423 (1.12) 0.01
Yes 309 (2.61) 22.1(2.37) 6.38 (1.59) 49.9 (3.02)

NHANES III = Third National Health Examination and Nutrition Survey

 Percentage of pet owners within each category of variables. Percentage and its standard errors were weighted

® Statistics were generated from chi-square tests to test the differences of the pet ownership percentages between the level within each of socio-

demographics and behavioral factor

pets conferred on increasing the risk of colorectal cancer was
primarily attributed to owning a cat and cannot be explained
by the history of smoking and drinking, exposure to environ-
mental tobacco smoke or atopic conditions of the owners. No
such association was observed among dog owners.

There are a limited number of studies examining the rela-
tionship between having a pet in the home and the risk of
developing cancers and dying from cancers. Ecologically, mor-
tality from lung cancer was much higher in The Netherlands

than in Sweden, and The Netherlands has a higher percentage
of households with birds as pets compared with Sweden. At
the time of interrogation, more than twice the number of breast
cancer patients had kept dogs permanently in the last 10 years
compared with the control individuals (Laumbacher et al.
2006). An increased risk of childhood leukemia was observed
to be associated with pet ownership among 153 incident cases
in Greece (Petridou et al. 1997). An elevated risk of lung can-
cer among bird keepers was reported 2 decades ago (Gardiner
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Table 3 Rates and unadjusted

HRs (95% CI) of dying from Pet ownership” Sample size” Deaths® Rate © Hazard ratio
colorectal cancer; 13,929 adults N) (n) (1/1000 person years) (95% confidence interval)
aged 19+, NHANES III follow-
up study 1988-2010 Total 13,929 70 0.23
Any pet
Yes 4,646 22 0.27 1.37 (0.74-2.55)
No 9,283 48 0.19 1.00 (reference)
Dog
Yes 2,889 10 0.15 0.59 (0.25-1.35)
No 11,040 60 0.25 1.00 (reference)
Cat
Yes 1,991 12 0.31 1.47 (0.65-3.30)
No 11,938 58 0.21 1.00 (reference)
Bird
Yes 577 3 0.39 1.74 (0.26-11.4)
No 13,352 67 0.22 1.00 (reference)

NHANES III = the Third National Health and Nutrition Examination Survey

# Ownership was assessed at baseline, conducted between 1988 to 1994

® Ns and ns were presented as unweighted

¢ Rates were presented as weighted

et al. 1992; Holst et al. 1988; Kohlmeier et al. 1992). A recent
prospective analysis of 123,560 postmenopausal women en-
rolled in the Women’s Health Initiative revealed that among
never-smokers, there were non-statistically significant associ-
ations between cat ownership and lung cancer (Garcia et al.
2016). It is worth noting that all previous studies were case-
control studies and were conducted with participants > 40 years
old (Gardiner et al. 1992; Holst et al. 1988; Modigh et al. 1996;
Morabia et al. 1998) or only postmenopausal women (Garcia
et al. 2016). In addition to the recall bias, misclassification of

covariates caused by impaired memory among the elderly may
also contribute to the inconsistent findings.

The mechanisms underlying the association observed in
the current study are to be illustrated. The health hazards of
mycotoxins to humans and animals have been examined ex-
tensively in recent years (Di et al. 2014; Wang et al. 2014) and
may be a part of the biological mechanism. Ingesting food-
stuffs contaminated with aflatoxin could be a source of afla-
toxin exposure (Cortes et al. 2010) because aflatoxins can be
excreted in the litter. Organic dusts present in unhygienic

Table 4 Hierarchically adjusted

HR of colorectal cancer deaths Hierarchical steps

Bird owners

Cat owners Dog owners Owners of any pet

associated with pet ownership;
13,929 adults aged 19+,
NHANES III follow-up study
1988-2010*¢

Crude (adjusted for nothing)
Adjusted for age
Further adjusted

for socioeconomic status
Further adjusted for

smoking and drinking
Further adjusted for atopy ¢
Further adjusted for

PA level and BMI
Further adjusted

for serum cotinine

1.74 (0.26-11.4)
3.09 (0.47-20.2)
3.27(0.48-22.3)

3.41(0.51-22.9)

3.43(0.51-22.9)
3.37(0.51-22.2)

3.38(0.51-22.2)

1.47 (0.65-3.30)
2.30 (1.06-5.00)
2.76 (1.28-5.96)

0.59 (0.25-1.35)
0.90 (0.38-2.12)
0.92 (0.39-2.16)

1.37 (0.74-2.55)
2.58 (1.38-4.81)
2.89 (1.54-5.42)

2.71(1.25-5.87)  0.90 (0.38-2.11)  2.82 (1.49-5.34)

0.88 (0.37-2.10)
0.89 (0.38-2.11)

2.80(1.48-5.32)
2.79 (1.49-5.25)

2.68(1.22-5.85)
2.62(1.18-5.82)

2.67(1.22-5.86) 0.89(0.37-2.12)  2.83 (1.51-5.30)

BMI = body mass index; HR = hazard ratio, NHANES III = Third National Health and Nutrtion Examination

Survey; PA = physical activity

# Ownership was assessed at baseline conducted between 1988 and 1994

®Non-pet owners were used as the reference group

€ICD10 codes for colorectal cancers included C18—C21 (malignant neoplasms of the colon, rectum and anus)

4 Using history of asthma to proxy atopic conditions
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homes could be a source of molds, and aflatoxin exposure
through these pollutants is very likely. Therefore, handling
of contaminated feeds, litters and organic dust associated with
pets may cause inhalation exposure to aflatoxin and pose a
serious health threat to pets and their owners. Inhalation ex-
posure of airborne contaminants can be absorbed from the
lungs and translocated to many tissues, including the gastro-
intestinal tract (Bond et al. 1986; Harrison et al. 1993).
Existing data support a role of food-associated mycotoxins
in the induction and/or persistence of human chronic intestinal
inflammatory diseases in genetically predisposed patients
(Maresca and Fantini 2010). Certainly, a serious long-term
complication of chronic inflammation is a part of the devel-
opment of colorectal cancer (Song et al. 2015). It is difficult to
interpret why cat owners rather than dog owners showed more
vulnerability to colorectal cancer. In general, proteins released
from cat dander and skin cells in the indoor environment are
smaller and lighter than those of dogs and can easily penetrate
into the human body and contaminate other household items.
These proteins may serve as a carrier of aflatoxin from con-
taminated pet food and may increase the aflatoxin exposure
for home occupants. Alternately, a lack of physical activity is
causally related to colon cancer (Slattery 2004). Dog owners
were relatively more physically active; the residual confound-
ing from physical activity may counteract the detrimental ef-
fects of keeping a dog.

As an observational study, the current report cannot make
any causal inferences about the association between having a
cat and an elevated hazard of dying from colorectal cancer.
However, by controlling for the socio-demographics and
behavior-related carcinogenic risk factors, including cigarette
smoking, exposure to environmental tobacco smoke and sed-
entary lifestyle, we obtained a stronger rather than weakened
association. Therefore, the current study provides additional
evidence to rule out the possibility that the relationship be-
tween pet ownership and hazard of dying from colorectal can-
cer was spuriously generated from confounding effects. The
most interesting findings of the current report might be that the
association was mainly driven by having a cat, or potentially a
bird. The pet type-specific association sheds light on the di-
rection for future research to identify the pet-harbored carci-
nogenic risk factors.

The relatively healthy study population made the current
study unique, but it was also a major limitation. The small
number of deaths (3 colorectal cancer deaths among birth
owners) due to colorectal cancer among a healthy study popu-
lation prevented further stratification by ethnicity and other
potential effect modifiers. The small number of colorectal
deaths also made the estimates less precise. Using deaths rather
than incident cases presented an issue. Mortality data reflect
the biological effects of risk factors as well as the quality of
health services available to participants. Colorectal cancer is
historically prevalent among socioeconomically disadvantaged

populations who have limited access to healthcare. Finally, the
risk factors, including pet ownership, were assessed from the
baseline survey without repeated measurements; misclassifica-
tion may occur and statistical power was consequently
compromised—generating underestimations instead of a spu-
rious association. The duration (i.e., how long they kept pets in
their household) and intensity (i.e., how many pets were kept
in household) are especially important in determining associa-
tions between environmental exposures and chronic outcomes,
such as colorectal cancer (White et al. 1998). However, these
data were not available from the baseline survey, preventing us
from assessing the dose-response association.

Despite the limitations, this study has strengths as well. To
the best of our knowledge, the current study might be the first
cohort study performed among a national cohort and therefore
provides evidence with better generalizability. The compre-
hensive information collected made it possible to control for
various socio-demographic and behavioral factors. Equally
important, NHANES collected data using a rigorous protocol
with extensive quality control procedures. The current study
adds to the existing literature, which mainly consists of case-
control studies derived from hospital-based studies. Future
work should concentrate on the etiology and preventive strat-
egies to mitigate the detrimental effects of having a pet in
households, and larger studies with adequate statistical power
are needed to investigate this issue in a more robust manner.
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