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Abstract: The etiology behind the increasing incidence of early onset colorectal cancer (EOCRC) are
incompletely elucidated, but could be attributed in part to lifestyle factors. We assessed the association
between obesity and colorectal cancer (CRC) in younger versus older adults in the National Health Institute
Survey. Multivariable logistic regression defined adjusted odds ratios (AORs) and associated 95% confidence
intervals (CIs) for CRC including an age (< vs. 250 years) *BMI (< vs. >30.0 kg/m’) interaction term. Among
583,511 study participants with a total of 3,173 CRC cases, there was a significant age*BMI interaction term
(P=0.02) such that for participants aged 18-49 years, BMI >30.0 kg/m’ was associated with diagnosis of
CRC (34.1% vs. 27.4%, AOR 1.39, 95% CI: 1.00-1.92) but not for participants aged >50 (29.6% vs. 31.4%,
AOR 0.93, 95% CI: 0.85-1.03). Obese BMI appears to be associated with diagnosis of EOCRC, thus weight
control by early adulthood, among other healthy lifestyle behaviors, could serve as potential risk reduction
strategies for CRC.
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Introduction

Globally, colorectal cancer (CRC) is the third most deadly
and fourth most commonly diagnosed cancer (1). Despite
a decrease in CRC among adults 50 and older, incidence
and mortality of early onset CRC (EOCRC) in younger
adults have steadily increased over the past several decades.
Approximately 1 in 10 cases of CRC are diagnosed in
individuals under the age of 50 (2,3) and their incidence
rates have increased from 8.6 per 100,000 in 1992 to 12.5
per 100,000 in 2015 (3,4). Experts predict that by 2030, the
respective incidences of colon and rectal cancers will grow by
90.0% and 124.2% for patients ages 20 to 34, and by 27.7%
and 46.0% for patients ages 35 to 49 (3). The etiologies
of these trends and whether EOCRC represents a distinct
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molecular entity remain areas of active investigation.

Known risk factors of CRC include sedentary lifestyle,
obesity, diet, alcohol use and smoking, among others (1,5).
Although the rising incidence in EOCRC may also be
attributed in part to such environmental and lifestyle factors
(6,7), there is a paucity of research assessing the association
between obesity and EOCRC. As such, we sought to assess
whether obesity was associated with prevalence of CRC in
younger versus older adults in a nationally representative
cohort.

Methods
The National Health Interview Survey (NHIS) is a cross-

sectional household survey of noninstitutionalized civilian
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adults living in the United States assessing a wide range of
health status and utilization measures (8). Sample weights
are provided for each individual permitting inferences on
national prevalence. Harmonized data of participants from
1998-2017 was obtained through the Integrated Health
Interview Series (9). Participants are first asked: “Have
you ever been told by a doctor or other health professional
that you had cancer or a malignancy of any kind?” For
those who responded yes, they were subsequently queried,
“What kind of cancer was it?” They were also asked at what
age they were diagnosed with each cancer. Multivariable
logistic regression defined adjusted odds ratios (AORs) and
associated 95% confidence intervals (CIs) for self-reporting
a diagnosis colorectal cancer. In addition to body mass index
(BMI, < vs. 30 kg/m’) and age (<50 vs. 250 years), relevant
sociodemographic variables and potential confounders
included in the model were sex, race, ethnicity, insurance
status and smoking. Body mass index was dichotomized at
30 which is the cut-off for obesity and younger adults was
defined as age younger than 50 based on epidemiologic data
showing rising incidence of CRC among this age group
(2-4). The analyses were repeated in a separate model
including an age (< vs. >50 years) *BMI (< vs. >30.0 kg/m”)
interaction term. Colorectal cancer was defined as self-
reporting a diagnosis of colon or rectal cancer and included
EOCRC (participants aged 18-49 years reporting history of
CRC) and older adult CRC (participants aged >50 reporting
history of CRC diagnosed at age >50). Sample weighting
stratified by year defined nationally representative estimates.
Statistical testing was 2-sided, with a=0.05. Analyses were
performed with Stata/SE 15.1 (StataCorp). The University
of "Texas Southwestern Medical Center deemed the study to
be exempt from review.

Results

Among 583,511 study participants 55.2% (n=321,975) were
aged 18-49 years, and there were a total of 3,173 CRC
cases (0.5% of cohort) [239 in younger adults (7.5%) and
2,934 (92.5%) in older adults] (Table 1). On multivariable
analysis for the entire cohort accounting for sex, race,
ethnicity, insurance status, smoking and BMI, the following
variables were associated with greater odds of self-reporting
a diagnosis of CRC: age >50 (AOR 11.06, 95% CI: 9.40-
13.02), non-Hispanic ethnicity (AOR 1.77, 95% CI: 1.46-
2.15) and cigarette smoking (AOR 1.33, 95% CI: 1.22-1.46)
were positively associated with self-reporting a diagnosis of
CRGC; there was no association between BMI >30.0 kg/m’
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and diagnosis of CRC (AOR 0.97, 95% CI: 0.89-1.07)
(Tible 2).

In the second model, there was a statistically significant
age (< vs. 250 years) *BMI (< vs. 230.0 kg/rnz) interaction
term (P=0.02) such that among participants aged 18-49 years,
BMI >30.0 kg/m’ was associated with greater odds of self-
reporting a diagnosis of CRC compared to patients with
BMI <30.0 kg/m’ (34.1% vs. 27.4%, AOR 1.39, 95% CI:
1.00-1.92) (i.e., among younger adults with history of
CRC, 34.1% had BMI >30 kg/m’). This interaction was
not observed among participants aged >50 years (29.6% us.
31.4%, AOR 0.93, 95% CI: 0.85-1.03) (1able 2). In addition
to participants being obese (as defined by the BMI >30),
non-Hispanic ethnicity (AOR 2.03, 95% CI: 1.07-3.84) and
smoking (AOR 1.51, 95% CI: 1.10-2.08) were associated
with CRC among younger adults (7zble 2).

Discussion

In this nationally representative study spanning 20 years,
obesity was associated with CRC in younger but not in
older adults. A recent analysis showed that those with
higher current BMI were more likely to have EOCRC (10),
however this study was limited to predominantly white
female nurses and small number of EOCRC cases (n=114).
Another single institution study found no difference in
rates of obesity between EOCRC and CRC, although their
findings may be limited by sample size (11). Multiple other
studies have demonstrated associations between obese
and overweight BMI, weight gain during adulthood and
accumulation of abdominal fat and subsequent development
of CRC at any age (18+), without distinguishing between
EOCRC and CRC diagnosed in older adulthood (12-15).
Thus, to the best of our knowledge, this is the first large
study conducted in the modern era among the general
population demonstrating an effect of age on obesity and
CRC incidence. While substantial evidence has shown that
obesity plays a role in the pathogenesis of CRC (1,5) our
work suggests this association may be stronger for EOCRC.

A recent review examined the potential mechanisms
explaining the association between obesity and CRC (1). In
particular, obesity is associated with physical inactivity and
may lead to alteration in gut flora along with irritation and
inflammation of intestinal epithelium, which could promote
carcinogenesis (1). Furthermore, excess body weight could
be associated with greater release of free oxygen radicals.
Given that obesity is a potentially modifiable risk factor for
patients, targeted interventions addressing weight could
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Table 1 Baseline characteristics stratified by colorectal cancer diagnosis among 583,511 participants in the National Health Interview Survey

Characteristic

Colorectal cancer diagnosis

Yes (N=3,173): raw N (raw %/weighted %°)

No (N=580,388): raw N (raw %/weighted %)

Age
<50
>50
BMI
<30
=30
Sex
Female
Male
Race”
White
Black
Alaskan Native or American Indian
Asian
Ethnicity”
Spanish-Hispanic-Latino
Non-Spanish-Hispanic-Latino
Insurance
Not insured
Insured
Smoking
Non-smoker
Current or former smoker
Age (< vs. =50 years) *BMI (< vs. =30)
Age <50 years
BMI <30
BMI =30
Age =50 years
BMI <30
BMI =30

239 (7.5/9.9)
2,934 (92.5/90.1)

2,234 (70.4/69.9)
939 (29.6/30.1)

1,677 (52.9/48.3)
1,496 (47.1/51.7)

2,693 (84.9/88.1)
377 (11.9/8.7)
16 (0.5/0.5)
87 (2.7/2.6)

193 (6.1/4.7)
2,980 (93.9/95.3)

77 (2.4/2.8)
3,096 (97.6/97.2)

1,423 (44.8/44.1)
1,750 (55.2/55.9)
3,173 (100.0)

154 (64.4/65.9)
85 (35.6/34.1)

2,080 (70.9/70.4)
854 (29.1/29.6)

321,736 (55.4/59.2)
258,602 (44.6/40.8)

409,849 (70.6/71.0)
170,489 (29.4/29.0)

324,323 (55.9/51.9)
256,015 (44.1/48.1)

460,946 (79.4/82.3)
86,067 (14.8/12.1)
6,022 (1.0/1.0)
27,303 (4.7/4.7)

91,174 (15.7/12.8)
489,164 (84.3/87.2)

90,324 (15.6/15.0)
490,014 (84.4/85.0)

334,936 (57.7/58.3)
245,402 (42.3/41.7)
580,388 (100.0)

232,210 (72.2/72.6)
89,526 (27.8/27.4)

177,639 (68.7/68.6)
80,963 (31.3/31.4)

2 sample weighting stratified by year was used for all analyses to produce nationally representative estimates; °, race and ethnicity were
self-reported as captured by the NHIS. Participants were asked whether they identified with one or more of the following racial groups:
White, Black/African-American, Alaskan Native or American Indiana, Chinese, Filipino, Asian Indian or Other Asian. Those reporting
Chinese, Filipino, Asian Indian or Other Asian race were grouped as “Asian.” Participants were also asked whether they identified with one
or more of the following ethnicities: Not Hispanic/Spanish origin, Mexican, Mexican-American, Puerto Rican, Cuban/Cuban American,
Dominican (republic), Central or South American, other Latin American (type not specific), other Spanish, or multiple Hispanic. Those
reporting any of the ethnicities with exception of Not Hispanic/Spanish origin were categorized as Spanish-Hispanic-Latino. BMI, body

mass index; N, number.
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Table 2 Multivariable adjusted odds of colorectal cancer diagnosis baseline characteristics among 583,511 participants in the National Health

Interview Survey

Characteristic

Multivariable adjusted odds of colorectal cancer

All ages (N=583,511)

Age 18-49 (N=321,975)

Age 50+ (N=261,536)

AOR (95% Cl) P AOR (95% Cl) P AOR (95% ClI) P

Age

<50 1.0 (referent) N/A N/A

>50 11.06 (9.40-13.02) <0.001
BMI

<30 1.0 (referent) 1.0 (referent) 1.0 (referent)

>30 0.97 (0.89-1.07) 0.61 1.39 (1.00-1.92) 0.049 0.93 (0.85-1.03) 0.19
Sex

Male 1.0 (referent) 1.0 (referent) 1.0 (referent)

Female 0.85(0.78-0.92)  <0.001 0.82 (0.60-1.13) 0.23 0.85 (0.78-0.93) <0.001
Race®

White 1.0 (referent) 1.0 (referent) 1.0 (referent)

Black 0.83 (0.72-0.94) 0.004 0.87 (0.58-1.32) 0.53 0.82 (0.71-0.94) 0.005

Alaskan Native or American Indian 0.75 (0.41-1.38) 0.35 0.58 (0.11-3.05) 0.52 0.78 (0.40-1.50) 0.45

Asian 0.68 (0.52-0.89) 0.005 0.61 (0.24-1.53) 0.29 0.70 (0.53-0.93) 0.01
Ethnicity®

Spanish-Hispanic-Latino 1.0 (referent) 1.0 (referent) 1.0 (referent)

Non-Spanish-Hispanic-Latino 1.77 (1.46-2.15)  <0.001 2.03 (1.07-3.84) 0.03 1.74 (1.43-2.11) <0.001
Insurance

Not insured 1.0 (referent) 1.0 (referent) 1.0 (referent)

Insured 3.09 (2.35-4.08)  <0.001 1.18 (0.78-1.82) 0.44 6.02 (3.91-9.26) <0.001
Smoking

Non-smoker 1.0 (referent) 1.0 (referent) 1.0 (referent)

Current or former smoker 1.33 (1.22-1.46)  <0.001 1.51 (1.10-2.08) 0.01 1.31 (1.20-1.43) <0.001
Age (< vs. =50 years) *BMI (< vs. =30)° 0.67 (0.47-0.94) 0.02 N/A N/A

?, race and ethnicity were self-reported as captured by the NHIS. Participants were asked whether they identified with one or more of the
following racial groups: White, Black/African-American, Alaskan Native or American Indiana, Chinese, Filipino, Asian Indian or Other Asian.
Those reporting Chinese, Filipino, Asian Indian or Other Asian race were grouped as “Asian.” Participants were also asked whether they
identified with one or more of the following ethnicities: Not Hispanic/Spanish origin, Mexican, Mexican-American, Puerto Rican, Cuban/
Cuban American, Dominican (republic), Central or South American, other Latin American (type not specific), other Spanish, or multiple
Hispanic. Those reporting any of the ethnicities with exception of Not Hispanic/Spanish origin were categorized as Spanish-Hispanic-Latino.
® values reported are from a second interaction model including an age*BMI interaction term in addition to age, BMI, sex, race, ethnicity,
insurance and smoking status. AOR, adjusted odds ratio; Cl, confidence interval; BMI, body mass index.
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potentially reduce the incidence of CRC, particularly
among younger patients.

Limitations of the study include self-reporting of cancer
diagnosis and use of BMI at time of survey rather than
prior to diagnosis. However since any bias in correlation
between current and pre-treatment weight is likely to be
similar for those with CRC at age >50 years, the results
indicate that obesity could be more important for EOCRC.
In addition, participants aged >50 years diagnosed with
CRC prior to age 50 were not included as having younger
adult CRC to permit assessment of effect modification by
age subgroup and to exclude those with remote history of
CRC for whom current BMI may be least representative
of BMI at diagnosis. Other notable limitations include
the cross-sectional study design given the evidence of a
cohort effect in rise of EOCRC. In addition, there was a
strong association between insured status and CRC, likely
due to undiagnosed cases among uninsured participants.
In addition, racial and ethnic minorities had lower odds of
self-reporting a diagnosis of CRC, which could be due to
undiagnosed cases among these populations or survivorship
bias (i.e., minorities are less likely to survive their diagnosis
and participate in the survey). The database also lacks
cancer-specific information including stage of diagnosis,
treatment regimen, and outcomes, however nationwide
databases including these details generally do not include
patient BMI. Given the limitations of our study, our
findings should be viewed as hypothesis generating and
an impetus for additional research examining risk factors
including patient weight across a lifetime.

In summary, CRC diagnosis appears to be more common
in younger individuals (aged 18-49 years) with BMI >30,
suggesting an important role of weight control in early
adulthood, among other healthy lifestyle behaviors, as a
potential risk reduction strategies for CRC. Given the
overall prevalence of obesity of 1/3 in participants reporting
history of EOCRC, further studies should also address
whether obese and overweight BMI contributes to worse
treatment toxicity, cancer-specific outcomes and survival.
Given that obesity is a modifiable risk factor, lifestyle
interventions including diet and exercise could help to
address the rising incidence of EOCRC.
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