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Abstract: Purpose: Food insecurity and colorectal cancer (CRC) are widely prevalent problems in
the U.S. However, the long-term effects of food insecurity among people living with CRC are not
well explored (e.g., risk of mortality). Methods: Data from the U.S. National Health and Nutrition
Examination Survey (years 1999-2010) were linked with mortality data from the National Death
Index up to 31 December 2019. Results: A total of 30,752 adults comprised the analytic sample;
222 were living with CRC and more than a tenth were food-insecure (11.6%). In our adjusted analysis,
individuals who were food insecure and had CRC were 4.13 times more likely to die of any cause and
9.57 times more likely to die of cardiovascular diseases (compared to those without CRC and food
insecurity). Conclusions: Colorectal cancer is among the top cancers diagnosed in American adults
and more than a tenth of adult Americans with CRC live with food insecurity. Given the higher risk
of mortality with co-occurring CRC and food insecurity, collaborative healthcare models can help
address food insecurity and other social needs of people with CRC, and surveillance measures for
food insecurity should be widely implemented across health systems.
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1. Introduction

Colorectal cancers (CRCs) are among the leading causes of cancer-related deaths and
the most common types of cancers in adult Americans. On average, the 5-year survival
rate for these cancers is less than 70%, claiming more than 50,000 lives in the U.S. every
year [1,2]. The prevalence varies by race, gender, age, and region in the U.S., with African
Americans, males, older individuals, and those living in the South having the highest
rates [2—4]. The risk factors for CRC, including smoking, alcohol use, obesity, lack of
physical activity, and unhealthy diets (e.g., processed meats; low fiber and high fat; and
inadequate fruit/vegetable consumption), have been well explored [3-5].

Despite the well-known risk factors for CRC, little is known about the risk factors for
mortality among those with CRC beyond a few demographic determinants (i.e., higher
mortality among males, older individuals, African Americans, those with a delayed diag-
nosis or lack of periodic screenings, and those with lower income or education) [3,4,6,7].
For example, in a study of more than 45,000 adults in the U.S., higher age and body mass
index (BMI), and male sex were associated with higher mortality risk among those with
colorectal cancer, but alcohol, medication, and other dietary items were not related to
mortality risk [7]. Similarly, the Melbourne Collaborative Cohort Study data found that
BMI, smoking, and tumor characteristics were associated with mortality risk, but alcohol
consumption was not [8]. In contrast, a study of more than 11,000 adults from the Taiwan
Cancer Registry found that higher mortality risk was associated with early cancer stage,
radiotherapy, male sex, an age of less than 50 years, and a history of cerebrovascular or
chronic kidney disease [9]. However, in another cohort study of more than 56,000 Danish
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adults with colorectal cancer, comorbidities had limited influence on mortality beyond the
first year after diagnosis [10].

Among the factors associated with a greater risk of mortality in those with CRC, diet
is probably the most examined determinant [11-14]. For example, in a study of more than
1200 American nurses, the risk of mortality was 29% lower with a higher Alternate Healthy
Eating Index 2010 score among those with CRC, but no effect of Western or Mediterranean
diets was observed [13]. In contrast, in a cohort study of more than 2800 Americans, the
American Cancer Society nutrition guidelines score was associated with a 38% lower risk
of mortality, and the DASH score was associated with a 21% lower risk of mortality, but no
significant association was found with Western diets [14]. One specific study suggested
that only Mediterranean diets could alter CRC survival but only for African American
women [11]. Overall, these diet-related studies on mortality among those with CRC
provide clues about the role of diet quality [15]. However, the role of food security has not
been explored in relation to mortality among those with CRC. Thus, our purpose in this
investigation was to prospectively assess mortality risk among a national random sample
of American adults based on CRC diagnosis and food insecurity.

2. Results

In total, 30,752 adults comprised the final study sample, with more than a tenth of
them reporting food insecurity in the last year (11.6%). Individuals with CRC (n = 222)
were statistically significantly more likely to be older, White, and with less than high school
education or a history of cardiovascular and chronic kidney disease (Table 1). With regards
to food insecurity based on CRC diagnosis, individuals without CRC were significantly
more likely to be food insecure compared to those with CRC (11.7% vs. 6.9%, p < 0.05). In
the total population, 6910 deaths were observed upon follow-up with 1098 deaths related to
cardiovascular diseases. Total deaths (145/222 vs. 6765/30,530; p < 0.01) and deaths related
to cardiovascular diseases (23/222 vs. 1075/30,530; p < 0.01) were statistically significantly
higher among those with CRC compared to those without CRC (Table 1).

Table 1. The characteristics of study participants are stratified by colorectal cancer diagnosis.

Characteristics

Colorectal Cancer (+)

(n=222) No Colorectal Cancer (—)(n = 30,530)

Total Population (n = 30,752)

Average Age (years, 95% CI) **

46.5 (46.1-46.9)

70.2 (68.2-72.3)

46.4 (45.9-46.8)

Female Participants (%, 95% CI)

52.0 (51.5-52.5)

53.2 (46.6-59.8)

52.0 (51.5-52.5)

Education Level (%, 95% CI) **

Less than high school 19.9 (18.7-21.1) 32.3 (25.0-40.0) 19.8 (18.6-21.0)
High school 25.0 (23.9-26.1) 24.1 (17.4-30.8) 25.0 (23.9-26.1)
College or higher 55.1 (53.4-56.9) 43.6 (34.7-52.5) 55.2 (53.4-56.9)

Ethnicity (%, 95% CI) *

Non-Hispanic White 0.42 (0.30-0.50) 84.3 (80.0-89.2) 70.4 (67.9-73.0)
Non-Hispanic Black 0.05 (0.03-0.07) 9.7 (6.60-14.) 11.2 (9.8-12.5)
Hispanic 0.02 (0.01-0.05) 5.0 (2.70-9.1) 13.0 (11.0-14.9)
Other 0.01 (0.001-0.95) 0.7 (0.23-3.8) 5.50 (3.8-6.3)
Family Poverty Income Ratio (%) * (PIR < 1) 13.6 (12.7-14.5) 11.4 (6.6-16.2) 13.6 (12.7-14.5)
Food Insecurity * (yes %, 95% CI) 11.6 (10.6-12.70) 6.9 (3.5-13.1) 11.7 (10.6-12.7)

Obesity > 30 BMI (yes %, 95% CI) 66.9 (66.0-67.9) 74.1 (66.5-81.7) 66.9 (66.0-67.8)
Stroke (yes %, 95% CI) ** 2.7 (2.5-3.0) 13.3 (9.0-17.7) 2.7 (2.4-3.0)
Hypertension (yes %, 95% CI) ** 25.5(22.5-24.4) 63.7 (55.8-71.5) 23.3(22.3-24.2)
Coronary Heart Disease (yes %, 95% CI) ** 2.6 (2.3-2.9) 9.2 (5.7-14.7) 2.6 (2.3-2.9)
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Table 1. Cont.

Colorectal Cancer (+)

Characteristics Total Population (n = 30,752) (n=222) No Colorectal Cancer (—)(n = 30,530)
Myocardial Infarction (yes %, 95% CI) ** 3.4 (3.2-3.8) 17.6 (13.5-21.8) 3.4 (3.1-3.7)

Chronic Kidney Disease (yes %, 95% CI) ** 7.1 (6.7-7.6) 41.5 (34.7-48.4) 7.0 (6.6-7.4)

Hypercholesteremia (yes %, 95% CI) ** 41.2 (40.1-42.3) 60.4 (51.9-69.0) 41.1 (40.042.2)

All deaths (N) ** 6910 145 6765

Cardiovascular deaths (N) ** 1098 23 1075

Note. * p < 0.05 ** p < 0.01. Numbers with 95CI indicate 95% confidence intervals for proportions.

In the total population, adults with CRC (irrespective of food security status), did not

have a significantly higher risk for either all-cause (HR=0.84) or cardiovascular disease
mortality (HR=0.35) [Table 2]. In stratified analysis, individuals with CRC and food
insecurity were 4.13 times more likely to die of any cause (95% CI = 2.31-7.40, p < 0.01)
compared to those without CRC or food insecurity. The relationship with mortality for this
group was moderated by a history of stroke, CKD, current smoking status, and age. In
contrast, compared to those without CRC or food insecurity, people with CRC only were
not significantly more likely to die of any cause [HR=0.81 (95%CI = 0.57-1.17)]. Similarly,
individuals with CRC and food insecurity were 9.57 times more likely (95% CI = 3.06-29.95,
p < 0.01) to experience cardiovascular mortality compared to those without CRC or food
insecurity. The relation with cardiovascular mortality in this group was moderated by
current smoking and age. In contrast, people with CRC alone were not significantly more
likely to experience cardiovascular mortality [HR=0.22 (95%CI = 0.06-1.01)] compared to
those without CRC or food insecurity.

Table 2. Predictors of mortality among people with colorectal cancer based on food security.

Predictor Variables

Full Sample
HR (95%CI)

Colon Cancer +
Food Insecurity +
HR (95%CI)

Colon Cancer+
Food Insecurity-
HR (95%CI)

Full Sample
HR (95%CI)

Colon Cancer+
Food Insecurity
+HR (95%CI)

Colon Cancer+
Food Insecurity-
HR (95%CI)

All-Cause Mortality

Cardiovascular Disease Mortality

Colorectal Cancer

0.84 (0.59-1.18)

413 (2.31-7.40) **

0.81 (0.57-1.17)

0.35 (0.10-1.17)

9.57 (3.06-29.95) **

0.22 (0.06-1.01)

Stroke

1.60 (1.42-2.04) *

1.71 (1.11-2.62) *

1.69 (1.35-2.11) *

1.97 (1.21-3.21) *

1.16 (0.54-2.52)

2.22 (1.24-3.99) **

Hypertension

1.35 (1.16-1.57) *

1.40 (0.71-2.76)

1.36 (1.18-1.56) *

1.72 (1.31-2.25) *

1.45 (0.62-3.40)

1.76 (1.34-2.30) *

Coronary Heart
Disease

1.20 (0.99-1.50)

1.05 (0.66-1.67)

1.20 (0.96-1.50)

1.42 (0.89-2.27)

1.18 (0.53-2.63)

1.38 (0.83-2.29)

Myocardial
Infarction

141 (1.17-1.70) *

1.55 (0.96-2.40)

1.39 (1.13-1.70) *

191 (1.32-2.77) *

215 (0.78-5.94)

1.83 (1.20-2.77) *

Smoking

1.67 (1.45-1.94) *

2.01 (1.39-2.91) **

1.64 (1.42-1.90) *

1.39 (1.04-1.87) *

2.06 (1.14-3.72) **

1.34 (1.01-1.78) *

CKD

157 (1.36-1.82) *

1.83(1.11-3.03) *

152 (1.31-1.78) *

1.59 (1.13-2.23) *

1.28 (0.54-3.02)

1.56 (1.09-2.24) *

Obesity

1.02 (0.87-1.19)

1.06 (0.71-1.59)

1.04 (0.88-1.23)

0.95 (0.71-1.26)

0.95 (0.36-2.50)

1.01 (0.74-1.38)

Hypercholesteremia

0.88 (0.74-1.05)

0.82 (0.52-1.29)

0.88 (0.73-1.05)

0.92 (0.67-1.26)

0.64 (0.28-1.42)

0.98 (0.70-1.38)

Ethnicity (Ref
White)
Non-Hispanic Black
Hispanic

Other

Reference
1.20 (1.01-1.44) *
0.99 (0.77-1.21)
0.76 (0.48-1.18)

Reference
0.73 (0.46-1.16)
0.79 (0.45-1.39)
0.63 (0.17-2.25)

Reference
1.30 (1.09-1.56)
0.99 (0.77-1.27)
0.75 (0.46-1.23)

Reference
1.12 (0.93-1.52)
0.65 (0.33-1.27)
0.89 (0.39-2.02)

Reference
0.53 (0.21-1.34)
0.44 (0.16-1.19)

1.74 (0.25-11.10)

Reference
1.29 (0.96-1.74)
0.71 (0.33-1.51)
0.66 (0.30-1.47)

Age

1.09 (1.08-1.09) *

1.07 (1.05-1.09) *

1.09 (1.08-1.11) *

1.08 (1.06-1.10) *

1.09 (1.06-1.12) *

1.08 (1.06-1.11) *

Gender (Ref: Male)

0.85 (0.58-0.73) *

0.76 (0.55-1.03)

0.63 (0.56-0.71) *

0.52 (0.41-0.66) *

0.65 (0.36-1.17)

0.49 (0.37-0.64) *

FPIR (Ref: PIR > 1)

1.31 (1.05-1.63) *

1.04 (0.74-1.46)

1.31(1.01-1.71) *

1.31 (0.83-2.06)

0.73 (0.30-1.77)

1.51 (0.95-2.42)

Education Level

>Some college
Less than high
school

High school
graduate

Reference
1.33 (1.16-1.53) *
1.21 (1.08-1.49) *

Reference
1.12 (0.76-1.67)
1.07 (0.66-1.74)

Reference
1.30 (1.13-1.51)
1.27 (1.08-1.51)

Reference
1.36 (0.96-1.93)
1.16 (0.82-1.66)

Reference
1.07 (0.44-2.63)
0.50 (0.18-1.42)

Reference
1.26 (0.85-1.87)
1.24 (0.86-1.80)

Note. * p < 0.05 ** p < 0.01. HR (95CI) indicates hazard ratios with 95% confidence intervals for the outcome (i.e.,
mortality). Ref indicates the reference group among each variable for comparison with other groups. For the

overall analysis, individuals without CRC or food insecurity served as the comparison group.
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3. Methods
3.1. Study Sample and Measures

For our analysis, we used data from the National Health and Nutrition Examination
Survey (NHANES) throughout the years 1999-2010 [16-19]. Data collection for NHANES
consists of an in-home interview and a physical exam component at a mobile examination
center. The survey interview consists of sociodemographic and health-related questions,
and the physical exam components include medical, physiological, and laboratory mea-
surements. Our random sample for this study is representative of noninstitutionalized
American adults ages 20 years and older. Participants’ survey data were linked with mortal-
ity data from the date of survey participation to 31 December 2019, using death certificate
records from the National Death Index (NDI) [16-19].

The USDA Household Food Security Survey Module (HFSSM, a previously validated
measure) was utilized to measure household food security. Briefly, for this analysis, we
measured household food security over the prior 12 months and focused only on adult
health outcomes. Responses to the ten household and adult items in the 18-item scale were
included to run an analysis where food insecurity was classified into four categories—food
security, marginal food security, low food security, and very low food security. Next,
we dichotomized the HFSSM. Those referred to as marginal, low, and very low food
security, or if >1 item(s) were answered affirmatively, were deemed to be in a state of food
insecurity. When sensitivity analysis was run, we found that results were robust across the
successive models when food insecurity was determined through two- or four-category
classification systems [17,19]. The study participants were asked “Has a doctor or other
health professional ever told you that you had cancer or malignancy?”. The participants
who answered “yes” were further asked, “Which kind of cancer was it?”. Those who
selected “colon cancer” or “rectal cancer” were considered to have CRC [18].

Study participants’ characteristics such as age, sex, race/ethnicity, education, BMI, and
income (via family income to poverty ratio variable) were also considered in our analysis.
Cardiovascular disease was determined by the self-reported diagnosis of coronary heart
disease, hypertension, stroke, or myocardial infarction. For hypercholesterolemia, the level
of cholesterol was determined through laboratory tests and dichotomized according to
previously validated standards. For this study, 240 mg/dL and above among participants
was considered to be a positive diagnosis for hypercholesterolemia. For chronic kidney
disease (CKD) diagnosis, the glomerular filtration rate was assessed using the Cockcroft—
Gault equation. More details about NHANES data, variables, and analytic procedures
have been published in prior studies [16-19]. Study protocols, procedures, and data
collection were approved by the CDC’s National Center for Health Statistics Research
Ethics Review Board.

3.2. Analysis

In the final analysis, to enhance the generalizability of the study sample at the individ-
ual participant level, probability sampling weights were applied considering NHANES
nonresponses, oversampling, poststratification, and sampling errors. Descriptive statistics
were computed on study variables (e.g., frequencies and percentages) to describe the study
participants and their health and sociodemographic characteristics. Subsequently, group
differences were assessed between those with and without CRC by utilizing chi-square
tests. Multivariate analysis was performed using regressions to determine the relationship
between colorectal cancer and mortality. Finally, multiple Cox regression models were
constructed to examine differences in mortality rates among people with CRC (based on
whether or not they were food-insecure) after adjusting for health-related (e.g., comorbidi-
ties) and sociodemographic characteristics of participants (i.e., age, sex, income, education,
race, and ethnicity). Those without food insecurity or CRC were used as a reference group.
All variance calculations incorporated the sample weights and accounted for the complex
design of samples using Taylor series linearization. Statistical significance was assumed a
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priori at an alpha level of p < 0.05. Statistical analyses were conducted using the SAS System
(Release 9.1; SAS Institute Inc., Cary, NC, USA).

4. Discussion

In this investigation of more than 30,000 Americans (aged 20 years and older), we
found that CRC alone did not statistically significantly increase the risk of cardiovascular
or all-cause mortality among study participants. However, among those with both CRC
and food insecurity, the risk significantly increased by 4.13 times for all-cause mortality
and 9.57 times for cardiovascular mortality. Across all the comparison groups and analyses
(e.g., for cardiovascular or all-cause mortality), age and smoking were the two factors that
consistently influenced the relationship between CRC, food insecurity, and mortality.

The novel aspect of this study is the understanding of the influence of food insecu-
rity on mortality among those with CRC. Only a few previous studies have explored the
impact of food access on CRC-related outcomes, but most of these studies assessed the
community-level determinants of food access and quality [20-23]. For example, a study
of 48,666 colorectal cancer patients from California found that five-year survival ratings
were 60% for food desert residents and 64% for non-desert residents [20]. Another na-
tionwide study found that a better Food Environment Index was associated with lower
colorectal cancer incidence and mortality [21]. Two recent reviews also found that neigh-
borhood availability of various foods (e.g., meat vs. grains) could potentially influence
CRC outcomes [22,23]. The limitation of these studies is the portrayal of a broader picture
of neighborhood deprivation and its relationship with CRC outcomes. Also, factors such as
education, race, age, lifestyle risk factors, and a history of comorbidities were not explored
in the aforementioned studies. Based on our findings, individuals with CRC have higher
mortality if they are food insecure, and smoking, age, and comorbidities play a role in
this relationship. Interventions to reduce mortality risk among those with CRC should be
designed keeping these factors in consideration [12-14,21-24].

Food insecurity and CRC are prevalent problems in the U.S. The concurrence of CRC
and food insecurity was found to increase the risk of both all-cause and cardiovascular
mortality. Healthcare practitioners should screen for indicators of food insecurity, lifestyle
risk factors (e.g., unhealthy diet and smoking), and comorbidities and include them in med-
ical records (not only for individuals with CRC but for other types of cancer as well) [8-12].
Specifically, for food insecurity, there are clinic and community-based interventions that are
beneficial. Clinic- or healthcare-setting-based interventions of three broader categories have
been found to have a positive impact (i.e., food referrals, voucher programs, or direct food
provision) [23-26]. In addition, as previous studies related to diet quality and mortality
risk among individuals with CRC have found an association between certain foods and
higher mortality risk, patient education initiatives should be implemented in specialty and
primary care for individuals with CRC [11-15]. Treatment for comorbidities and smoking
cessation program offerings should be increased across health systems, specifically for
those with CRC and higher socioeconomic needs [5,8,10,18,27].

Limitations

The results of this analysis suffer from a few potential limitations. Health risk factors
(e.g., smoking and food insecurity) were assessed based on self-reports from individuals
which could lead to bias. The results could also be limited due to the cross-sectional
NHANES data utilized for analysis, posing threats to internal and external validity. While
this is the first study on this topic that uses NHANES-NDI data, a longer duration of
follow-up could have helped further delineate the impact of food insecurity among those
with CRC. A major limitation was the number of people with CRC in the database and
the inability to ascertain deaths directly attributed to CRC. Also, mortality risk and health
status are influenced by a variety of factors, and we may not have accounted for other
contributing factors due to the limitations of existing data. Finally, further exploration
is needed on certain findings of this study. For example, people with CRC were less
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likely to be food-insecure, whereas some studies suggest that living around better food
environments is related to a lower incidence of CRC [20-22]. Despite these limitations, to
our knowledge, this is the first major analysis of the impact of food insecurity on mortality
among those living with CRC. We utilized a national random sample of adults in the
U.S. that is highly representative ensuring external validity. Also, we utilized complex
sample survey analysis procedures to ensure precision. Finally, we adjusted for numerous
sociodemographic and health-related variables in our analysis, contributing uniquely to
the literature on CRC-related outcomes and the factors influencing these outcomes.

5. Conclusions

In this analysis of a large national random sample of community-dwelling American
adults, food insecurity was associated with a significantly higher risk of mortality among
those with CRC. In contrast, CRC alone did not significantly increase the risk of mortality
after adjusting for health and demographic factors. Given these findings, extensive surveil-
lance, and screening for food insecurity among CRC patients is warranted in healthcare
facilities. Furthermore, clinic and community-based interventions that are beneficial should
be widely implemented. Clinicians should be sensitized to the prevalence of food insecurity
among cancer patients and informed on how to be resourceful in helping these patients.
Reducing food insecurity among cancer patients has the potential to improve quality of
life, reduce healthcare costs, and reduce mortality risk.
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