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Simple Summary: This research identifies the critical metabolic syndrome components that lead to a
higher risk of developing colorectal cancer. This is a crucial step in creating colon cancer screening
guidelines based on the presence of some specific MetS components or combinations of components.
This pivotal insight could inform future CRC screening strategies. Finally, our findings could fill the
knowledge gaps in current research areas relevant to metabolic syndrome and colorectal cancer.

Abstract: Background/Objectives: Dysfunctions of metabolic syndrome (MetS) have been identified
as a significant risk factor for colorectal cancer (CRC). However, current colon cancer guidelines do
not classify patients with MetS as high risk, thereby leaving these individuals vulnerable. Conse-
quently, we explored the relationship between MetS, its individual components, and the development
of CRC in a cohort of patients with MetS to assess the necessity for CRC screening in these indi-
viduals. Methods: This study included patients ages 18 and older that received a service from the
Marshall-Health (MH) practice plan, Cabell-Huntington Hospital (CHH), MU/JCESOM’s Edwards
Comprehensive Cancer Center (ECCC), or the University of Kentucky HealthCare (UKHC) system
between 2010 and 2018. We implemented log-binomial regression models to assess the individual
and collective effects of MetS components after adjusting other CRC risk factors. Results: Given
that CRC prevalence increases in the older population (aged 65 years and above), and that multiple
components of MetS are observed within the same population, we analyzed the concurrent impact of
all MetS components on CRC. Log-binomial regression models were implemented to assess the risk of
CRC due to MetS components after adjusting other risk factors. Conclusions: We identified specific
components that markedly increased CRC risk, suggesting that individuals with these components
should be prioritized for early screening. These findings could significantly influence early CRC
screening protocols, with the ultimate aim to reduce mortality associated with the disease.

Keywords: metabolic syndrome; colorectal cancer; screening; obesity; insulin resistance; low high-
density lipoprotein cholesterol; hypertension; hypertriglyceridemia; risk factors; age

1. Introduction

Colorectal cancer (CRC) remains one of the most treatable forms of cancer, yet it stands
as the third leading cause of cancer-related mortality among both men and women in the
United States, as well as the second leading cause when considering both genders combined.
According to the American Cancer Society, it was responsible for an estimated 53,200 deaths
in 2020; the age-adjusted mortality rate was 12.5 per 100,000 population [1]. Metabolic
dysfunction associated with metabolic syndrome (MetS) has been linked to a variety of
adverse health outcomes, including type 2 diabetes (T2DM), cardiovascular disease (CVD),
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liver disease, chronic kidney disease, and several types of cancer [2–7]. MetS includes
five key components: insulin resistance (IR), hypertension (HTN), hypertriglyceridemia
(HG), low high-density lipoprotein cholesterol (HDL), and obesity. Even though several
studies have been conducted on the relationship between MetS and CRC [7–15], there has
been limited focus on the individual components of MetS, except obesity. Components such
as obesity, dyslipidemia, and impaired glucose tolerance have been linked to increased risk
for CRC [8,16], but many studies have not controlled for other CRC risk factors. Given
the higher prevalence of CRC among the elderly—who are also more likely to suffer from
multiple MetS components—it is critical to study the combined effects of these components
on CRC risk. Understanding the impact of each MetS component is vital for developing
targeted CRC screening strategies. In our study, we aimed to identify which components
or combinations thereof are most strongly associated with an increased risk of developing
CRC. This research specifically focused on the Appalachian population, which suffers from
higher rates of both colon and rectal cancers and associated mortality rates across both
genders [17]. Appalachia, a region extending over 13 states and home to about 25 million
people, or 8.2% of the U.S. population, is largely rural, with approximately 42% of its
population living in areas defined as rural [18]. Socioeconomic status and healthcare
availability are critical to overall health and well-being and are often key determinants
of health. The Appalachian region generally experiences lower economic status, lower
educational attainment, and reduced access to healthcare compared to the general U.S.
population. As expected, this contributes to poorer health outcomes, including elevated
CRC incidence. This study is particularly important for understanding the mechanisms
of CRC in a medically underserved rural population. Another contributing factor to the
high CRC mortality rate in Appalachia is the low rate of cancer screenings, particularly in
rural areas, compared to the national average [19,20]. Despite the significant risk posed by
MetS for CRC, current guidelines do not categorize MetS patients as high risk, typically
advising only caution, thus exposing them. It is thus crucial to understand the role of
each MetS component in developing targeted CRC screening and prevention strategies. By
exploring the relationship between MetS and its components and CRC, this study aimed
to determine the necessity for CRC screening among those with MetS and/or specific
MetS components. The recommendations elucidated from this study will help formulate
guidelines and strategies for mitigating CRC risk focused on MetS components. This will
benefit not only the Appalachian region shown in Figure 1 but potentially the entire nation.
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2. Materials and Methods

This study included patients ages 18 and older who received a service from the
Marshall-Health (MH) practice plan, Cabell-Huntington Hospital (CHH), MU/JCESOM’s
Edwards Comprehensive Cancer Center (ECCC), or the University of Kentucky HealthCare
(UKHC) system between 2010 and 2018. The study population was primarily located in
Central and North Central Appalachia, which includes the western part of West Virginia,
the southern part of Ohio, and the eastern part of Kentucky. Patients were classified as
having metabolic syndrome if they met at least 3 of the following 5 conditions:

• Insulin resistance (IR): average fasting glucose ≥100 mg/dL, HbA1c >= 5.7 at any
point, receiving drug therapy for hyperglycemia, or type 2 diabetes listed as a billing
diagnosis or under the problem list.

• Hypertension (HTN): blood pressure ≥130/85 mm Hg, receiving drug therapy for
hypertension, hypertension listed as a billing diagnosis or under the problem list.

• Hypertriglyceridemia (HG): average triglycerides ≥150 mg/dL, receiving drug ther-
apy for hypertriglyceridemia, or hypertriglyceridemia listed as a billing diagnosis or
under the problem list.

• Low high-density lipoprotein cholesterol (HDL-C): average HDL-C < 40 mg/dL in
men or <50 mg/dL in women, receiving drug therapy for reduced HDL-C, or low
HDL-C listed as a billing diagnosis or under the problem list.

• Obesity: average BMI > 30, or obesity listed as a billing diagnosis or under the
problem list.

Only 263,023 patients with available data to determine the presence or absence of all
5 conditions were included in this study. The patient data relevant to the study were ex-
tracted from Marshall University’s Appalachian Clinical and Translational Science Institute
(ACTSI) Clinical Data Warehouse and UKHC’s Enterprise Data Warehouse. The study
variables are listed below:

1. Demographic variables—current age and gender.
2. Body Mass Index (BMI) (in k Lamichhane, g/m2)—Current BMI. We chose BMI

because waist circumference was not available in the data.
3. Socioeconomic status (SES)—Insurance was used as a proxy for SES, as patient income

and education information was unavailable. We accounted for two categories of
insurance: Medicaid and Others or unknown, which also included self-pay. Due to a
lack of information on different insurance types, we could not further break down the
insurance categories.

4. Family history of colorectal cancer (CRC)—patients with a family history of CRC were
identified using diagnosis codes (ICD9 or ICD10), SNOMED codes, and problem lists.

5. Social history (tobacco and alcohol use history)—If the use of any tobacco, including
smoking, or alcohol was ever documented during the study period, the patient was
said to have a history of tobacco and/or alcohol use. Conversely, if the patient had a
documented history of never using tobacco and/or alcohol, they were said to have no
history of tobacco and/or alcohol use, respectively.

6. Inherited syndromes—whether the patient had a history of familial adenomatous
polyposis, hereditary non-polyposis colorectal cancer, Lynch Syndrome, Turcot Syn-
drome, or Peutz–Jeghers Syndrome.

7. History of polyps.
8. History of inflammatory bowel disease.
9. Presence or absence of insulin resistance, hypertension, low HDL-C, hypertriglyc-

eridemia, and obesity.
10. The number of MetS criteria met by the patient.
11. Metabolic syndrome (MetS)—patients who met 3 or more of the 5 conditions men-

tioned above were classified as MetS patients. In contrast, those who did not meet at
least 3 criteria were classified as non-MetS patients.

12. Presence or absence of colorectal cancer.
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13. Individual MetS components—IR, low HDL, HTN, and HG.

Statistical Analyses

Data from the individuals who reported all the components of MetS were included
in this study. Data from ACTSI and UKHC were combined based on common variables
mentioned in ICD9/ICD10 codes, billing diagnoses, and reported problem lists. Descriptive
summaries were presented as mean ± SE for the continuous variables and frequency
(percent) ± SE for the categorical variables. Relative risk and attributable risk of CRC
among individuals who met the criteria for MetS and other components were individually
calculated. We investigated how MetS, IR, low HDL, HTN, and HG individually impact
the risk of CRC by using log-binomial regression models after adjusting for other risk
factors (covariates) of CRC. As multiple components co-occur, it is important to investigate
the simultaneous effect of all these components on CRC. We implemented a log-binomial
regression of CRC on IR, low HDL, HTN, and HG, taken together, by adjusting other risk
factors. This clarified which components of MetS contributed to the higher risk of CRC
when taken collectively. Once the important components were identified, we compared
the risk of CRC among the individuals who had those components and their combinations
against that of those who had the other components. We wanted to compare the risks
among patients aged <50 yrs., 50–65 yrs., and ≥65 yrs., but there were not enough CRC
cases among patients <50 yrs. old, so we divided the population into two groups of those
<65 yrs. and those ≥65 yrs. old for analyses. In our analyses, colorectal cancer status,
Yes/No, was the outcome variable, while MetS status; each of the MetS components, IR,
HTN, HG, and HDL; and combinations of significant important components obtained
previously, taken separately, were the primary predictor variables. In the analyses, we
controlled the other variables, demographic—age, gender, and BMI; socioeconomic status—
insurance status as a proxy of SES; social behavior—history of tobacco use and alcohol use;
history of risk factors—history of polyps, inflammatory bowel disease, inherited syndromes
or family history of CRC; and type II diabetes status (T2DM), to account for the effect of
these variables on CRC status. These control variables were selected as they are some of the
identified risk factors of colorectal cancer [22–29]. Obesity and other components of MetS,
to some extent, may represent a shared causal mechanism in the development of CRC. We
did not directly relate obesity with CRC; instead, we used BMI as one of the risk factors and
controlled for it in the model. As the links between MetS and T2DM and IR and T2DM are
well studied, and both MetS and IR are the most significant predictors of the development
of T2DM [2,3,6,7,30], we removed T2DM as one of the covariates for the analyses where
MetS, IR, and their combinations, taken separately, were primary predictors in order to
avoid multicollinearity and overfitting.

All statistical analyses were performed using SAS version 9.4 (SAS Institute, Cary, NC,
USA). Results were also validated by cross-checking with other software, R (version 3.6.3).
The results were considered statistically significant when the p-values were less than 0.05.

3. Results

Data from ACTSI and UKHC data warehouses of individuals with all MetS compo-
nents reported between 2010 and 2018 were included in the analyses. Table 1 presents the
distribution of demographic and other controlled variables together with the individual
MetS components of 263,023 individuals. In the study population, the median age was
61 years, while the average BMI was 30.9, which indicated a large overweight and obese
population. Of the study population, 47.7% of individuals were obese and 29.9% were
overweight; this weight status reflects the obesity and overweight status of the elderly
Appalachian population. There were more females (53.4%) than males (46.6%). In terms of
age, 26.1% of individuals were <50 yrs., 32.1% were between 50 and 65 yrs. old, and 41.8%
were more than 65 yrs. old. Metabolic syndrome criteria were met by 80.4% of patients;
similarly, IR, HDL, HTN, and HG criteria were met by 73.9%, 80.7%, 80.3%, and 77.7%
of patients, respectively. In the study population, 48.8% had some history of tobacco use,
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11.9% were alcohol users, 6.7% had a history of CRC or any inherited syndromes, 5.9% had
a history of IBD, 8.1% had polyps, and 36.6% were diabetic.

Table 1. Descriptive summary.

Variables Mean or n SE or %

Total Sample 263,023
Age (in yrs.) 59.9 (median = 61) 0.03

BMI (in Kg/m2) 30.9 0.02
No. of Criteria Met 3.6 (median = 4) 0.00

Colorectal Cancer (CRC)
Yes 3474 1.3
No 259,549 98.7

Gender
Female 140,469 53.4
Male 122,554 46.6

Weight Category
Obese 124,456 47.9

Overweight 77,585 29.9
Others 57,704 22.2

Age Group
<50 yrs. 68,610 26.1

50–65 yrs 84,498 32.1
>=65 yrs. 109,915 41.8

Insurance
Medicaid or Medicare 14,964 5.7
Others or unknown 248,059 94.3

Tobacco Use
Yes 128,469 48.8
No 134,554 51.2

Alcohol Use
Yes 31,183 11.9
No 231,840 88.1

Family History of CRC or
Inherited Syndromes

Yes 17,617 6.7
No 245,406 93.3

Inflammatory Bowel Disease
Yes 15,485 5.9
No 247,538 94.1

History of Polyps
Yes 21,219 8.1
No 241,804 91.9

Type II Diabetes
Yes 96,162 36.6
No 166,861 63.4

MetS
Yes 211,510 80.4
No 51,513 19.6

IR
Yes 194,400 73.9
No 68,623 26.1



Cancers 2024, 16, 3350 6 of 12

Table 1. Cont.

Variables Mean or n SE or %

HDL
Yes 212,373 80.7
No 50,650 19.3

HTN
Yes 211,116 80.3
No 51,907 19.7

TG
Yes 204,356 77.7
No 58,667 22.3

IR and HDL Only
both IR and HDL but

no TG, HTN,
or obesity

1812 10.5

HTN, TG, or obesity
but no IR or HDL 15,495 89.5

SE: standard error.

Table 2 presents the incidence risk ratio of CRC among the patients with different
components of MetS. MetS and all components of MetS led to a significantly higher risk
of CRC. It is noticeable that the risk ratio of CRC is high among the patients who had IR
and met the MetS criteria. For patients who met the MetS criteria, the risk of CRC was
1.97 times compared to those who did not. Patients who had IR were at 2.1 times higher
risk to develop CRC than those who did not have IR. Similarly, risk ratios for HDL, HTN,
and HG were 1.8, 1.87, and 1.85. Among patients who met MetS criteria, the portion of the
incidence of developing CRC that could be attributed to IR was 72 per 10,000. Similarly,
there were 79, 64, 68, and 68 new CRC cases for every 10,000 patients who had IR, low
HDL, HTN, and HG, respectively.

Table 2. Risk of CRC among different components of METS.

Components n Risk Ratio (RR) 95% CI Attributable
Risk (per 10,000)

MetS 3092 1.97 (1.77, 2.19) 72
IR 2970 2.08 (1.89, 2.29) 79

HDL 3068 1.8 (1.63, 2.00) 64
HTN 3071 1.87 (1.69, 2.08) 68
TG 3008 1.85 (1.68, 2.04) 68

The individual effects of MetS components on CRC were assessed by adjusting demo-
graphics, SES, and other variables considered significant in determining CRC. We used
log-binomial regression of CRC on MetS and its components after adjusting age, BMI, sex,
insurance information, smoking habits, alcohol consumption, family history of CRC or
inherited syndromes, history of inflammatory bowel disease, history of polyps, and type II
diabetes. Table 3 shows the individual effects of MetS, IR, HDL, HTN, and HG on CRC,
taken separately, after adjusting the above-mentioned risk factors. The risk of CRC among
patients who met MetS criteria was 28% higher than among patients who did not meet the
MetS criteria. We observed the highest risk of CRC in patients with IR; the risk of CRC
among patients with IR was 1.60 times the risk of CRC among those who didn’t have IR.
Similarly, the risk of CRC among individuals who had low HDL, high HTN, and high HG
were 1.29, 1.13, and 1.17 times compared to those who did not show these symptoms.
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Table 3. Log-binomial regression analyses of CRC on MetS and its individual components taken sep-
arately.

CI

Symptom RR LL UL p-Value

MetS 1.28 1.14 1.42 <0.001
IR 1.60 1.45 1.76 <0.001

HDL 1.29 1.16 1.44 <0.001
HTN 1.13 1.01 1.26 <0.001
TG 1.17 1.06 1.30 <0.001

The risk for individual components was low since the same individual could have
multiple components, and by considering only one component, we were accounting for the
effects of other components in the reference group. The collective effect of all components
was assessed through a log-binomial regression model with all the MetS components
taken together after adjusting the other control variables. Table 4 shows the log-binomial
regression of CRC on all MetS components together. Taken collectively, high HTN and HG
were not significant (p-values of 0.536 and 0.752, respectively) in determining CRC status,
but IR and low HDL were significant (p-values < 0.001 and 0.002). In the presence of all other
factors, IR (p-value < 0.001) and low HDL (p-value = 0.002) were two major components of
MetS that were significant in determining CRC status. We also observed that BMI, insurance
status, age group, tobacco use, alcohol use, history of CRC and inherited syndromes, history
of inflammatory bowel disease, and history of polyps were also significant (p-values < 0.05).
In the presence of IR and low HDL, high HTN and HG were not significant predictors of
CRC. This required us to assess how IR and low HDL impact the likelihood of CRC after
adjusting other controls.

Table 4. Log-Binomial regression of CRC on all MetS components after adjusting other control vari-
ables.

CI

Variables RR LL UL p-Value

IR (Reference = No IR) 1.55 1.40 1.71 <0.0001

HTN (Reference = No HTN) 1.04 0.93 1.16 0.536

HDL (Reference = No HDL) 1.24 1.08 1.42 0.002

TG (Reference = No TG) 0.98 0.86 1.12 0.752

BMI 1.08 1.06 1.10 <0.0001

Gender (Male; Reference = Female) 1.02 0.95 1.09 0.563

Insurance (Reference = Others) 1.46 1.26 1.70 <0.0001

Age Group 50-65 yrs (Reference = <50 yrs) 1.93 1.69 2.21 <0.0001

Age Group 65 yrs. and above (Reference = <50 yrs) 3.21 2.81 3.68 <0.0001

Smoke (Reference = No History of Smoking) 1.22 1.14 1.31 <0.0001

Alcohol Use (Reference = No Alcohol Use) 1.32 1.20 1.45 <0.0001

History of CRC or Inherited Diseases
(Reference = No History of CRC or Inherited Diseases) 3.64 3.31 4.01 <0.0001

History of Inflammatory Bowel Disease
(Reference = No History of Inflammatory Bowel Disease) 1.89 1.71 2.09 <0.0001

History of Polyps (Reference = No History of Polyps) 1.75 1.59 1.93 <0.0001

Table 5 presents the combined effect of IR and low HDL on CRC. The log-binomial
regression analysis of CRC on both IR and low HDL after accounting other variables
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indicated that patients with both IR and low HDL had significantly higher risk of CRC
compared to MetS, as well as those with components other than IR and low HDL. This
result was consistent for both the groups of patients younger and older than 65 years.
Patients with both IR and low HDL were 2.65 times more likely to have CRC compared to
patients with other components, HTN, TG, or obesity (p-value < 0.001). Similarly, the risk of
CRC among patients with both IR and low HDL components was 2.39 and 2.62 times higher
than among patients with components other than IR or low HDL for both age groups, those
less than 65 yrs. and those more than 65 yrs., respectively. This clearly indicates that IR and
low HDL are the two most important components of MetS, and that patients with IR and
low HDL are at higher risk of developing CRC. The area under the curve (AUC, %) of the
receiver operating characteristic curve (ROC) also confirmed the importance of both IR and
low HDL. Compared to the younger population (<65 yrs.), the older population (65+ yrs.)
with both IR and low HDL was at higher risk of CRC.

Table 5. Log-binomial regression analyses of CRC on IR and HDL combinations.

CI

Symptom RR LL UL p-Value ROC-AUC
(%)

MetS 1.28 1.14 1.42 <0.001 72.6

IR+HDL Only
Both IR and HDL 2.65 1.68 4.20 <0.001 79.5

HTN or TG or Obese but no IR or HDL Reference

Among Individuals <65 yrs. Old
IR+HDL

Both IR and HDL 2.39 1.35 4.23 <0.001 76.9
HTN or TG or Obese but no IR or HDL Reference

Among 65-or-Older Age Group
IR+HDL Only

Both IR and HDL 2.67 1.25 5.69 <0.001 71.1
HTN or TG or Obese but no IR or HDL Reference

Age, sex, BMI, insurance information, smoking, alcohol consumption, family history of CRC or inherited syn-
dromes, history of inflammatory bowel disease, and history of polyps were controlled. Note: For MetS analysis,
BMI was not controlled, as obesity is one of the components of MetS. RR = Odds Ratio. LL = Lower Limit.
UL = Upper Limit. CI = 95% Confidence Interval. ROC-AUC—degree of separability between CRC groups.
p-value < 0.05 is significant.

4. Discussion

This study delved into the relationships between MetS and CRC components to assess
the necessity for CRC screening among those presenting with MetS and its specific elements.
By analyzing the combined and individual impacts of these components, we found that IR
and low HDL emerged as the most significant when considered collectively. Individually,
each component of MetS, including IR, low HDL, TG, obesity, and HTN, posed significant
CRC risks, though confounding was evident due to the presence of multiple components
in most patients. To address this problem, we examined all components together, revealing
that patients with both IR and low HDL faced a significantly higher risk than those with
other components. This pattern persisted across both age groups, including those under
and over 65 years.

Our findings aligned with several previous studies that established the relationship
between MetS and CRC and indicated increased CRC risk among patients with MetS [7–15].
Additionally, IR was identified as a critical factor, likely due to insulin’s role as a growth
factor for colonic cells and its mitogenic effect on tumor cells [31]. Supporting this, a study
by Komninou et al. highlighted insulin as a key biochemical link between obesity and
colon cancer, suggesting that managing hyperinsulinemia could reduce cancer risk [32].
The significance of IR was echoed by other studies [33,34], which discussed its role in colon
cancer progression [9]. The impact of low HDL on CRC has been much less studied, but
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emerging evidence suggests that there is a correlation between lower HDL levels and better
prognostic outcomes in various cancers, such as breast and prostate cancer [35,36]. Lastly,
limited information is known about the effects of hyperglycemia (HG) and its relation to
colorectal neoplasms. Some research supports a link between HG, hypertriglyceridemia,
hyperinsulinemia, and CRC through insulin resistance [37–39], while other studies report
conflicting results [40–42]. In our study, HG emerged as a significant individual risk factor,
but its collective impact with other MetS components was insignificant. This indicates that
the effects of HG on CRC were mediated through components like IR or low HDL.

Our study has several strengths that contribute to its significance in the field of
research on colorectal cancer (CRC) and metabolic syndrome (MetS). First, it utilizes a
large dataset from the Appalachian region, covering a decade and representing 8.2% of the
U.S. population. To the best of our knowledge, this is the first study to comprehensively
examine CRC incidence and MetS in this area.

Second, we employed the robust and well-validated SAS statistical package, which
enhanced the comparability of our results with those of other studies.

Third, although several studies have explored the relationship between MetS and
CRC [7–15], few have investigated the link between individual MetS components—other
than obesity—and CRC. Our research helps fill this gap by adjusting for multiple risk
factors such as age, sex, BMI, insurance status, tobacco and alcohol use, family history of
CRC, inherited syndromes, inflammatory bowel disease, polyps, and type II diabetes, all of
which are known correlates of CRC [16,22–29]. We analyzed the individual effects of insulin
resistance (IR), low HDL cholesterol (HDL), hypertension (HTN), and high glucose (HG)
on CRC risk (Table 3). Furthermore, we individually examined the CRC risk associated
with each MetS component (Table 2), an area not previously addressed.

Lastly, and most critically, we identified the collective impact of these factors—IR,
low HDL, HTN, and HG—on CRC risk. Our findings indicate a higher prevalence of
CRC among older individuals, who typically present multiple MetS components, with the
average individual having at least three components. This highlights the importance of
studying these components’ simultaneous impact on CRC. Notably, this is the first study
to research this after controlling for BMI and other significant risk factors (Table 4). We
discovered that individuals presenting both IR and low HDL are at a significantly higher
risk of CRC compared to those with other components, a result that is consistent across age
groups under and over 65 years (Table 5). This pivotal insight could inform future CRC
screening strategies, suggesting earlier screening for individuals with IR and low HDL.

However, our analyses also have a few limitations, including their focus on the Ap-
palachian region, potentially limiting broader applicability to other populations. Obviously,
the risk rates were higher in our findings, as this region experiences significantly higher
CRC rates than the nation [17]. Still, the risk factors we identified reflect the general pattern
for the entire U.S. population. The lack of data on socioeconomic status (SES), race, and
diet presented further constraints, as these are significant CRC risk factors [22,24,42,43].
Future research should aim to incorporate these variables to enhance understanding of
CRC and develop more effective screening and prevention strategies. Moreover, the rising
CRC incidence in younger individuals underlines the need for age-specific studies to tailor
prevention efforts effectively [44,45].

5. Conclusions

In conclusion, metabolic syndrome and its components, namely, insulin resistance,
hypertension, low HDL-C, and hypertriglyceridemia, have been identified as significant
risk factors for colorectal cancer (CRC). Most notably, when multiple components were
present, individuals with IR and low HDL had a significantly higher risk of CRC than
individuals with no components or any other combination of components. This elevated
risk was consistent across age groups under and over 65 years. Therefore, it is advisable to
prioritize these individuals for earlier CRC screening. Future studies may need to examine
the CRC risk factors associated with individuals younger than 50 years old and suggest an
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appropriate screening strategy, as deaths from colorectal cancer among people younger
than age 55 have increased by 2% every year from 2007 to 2016 [1], with an even higher rate
in the Appalachian region, which suffers from lower CRC screening rates [17–19]. Future
research studies should define risk factors and adjust other important components such as
age, race, diet, and socioeconomic status (SES).

Author Contributions: S.S. performed studies and wrote the manuscript. R.L. analyzed data and
wrote the manuscript. A.C. obtained data and edited the paper. U.M. supervised studies, partial
funding and edited the manuscript. U.S. conceived and designed the study, revised the manuscript,
and approved the final version of the manuscript. All authors have read and agreed to the published
version of the manuscript.

Funding: This work was supported by Veteran’s Administration Merit Review grant BX003443-01 and
National Institutes of Health grants DK-67420, DK-108054, and P20GM121299-01A1 to U. Sundaram.

Institutional Review Board Statement: This study’s experimental procedures were carried out in
accordance with the ethical rules and regulations of Marshall University’s Institutional Animal Care
Ethical Committee (Protocol number 2068017-2). Date of approval 21 July 2023.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data will be provided to investigators actively engaged in CRC
investigation for verifiable query.

Acknowledgments: We acknowledge the Translational Sciences Core of the COBRE/ACCORD,
Clinical, and Translational Sciences Department, Joan C Edwards School of Medicine, Marshall
University, for analytics support.

Conflicts of Interest: The authors declare no conflicts of interest, financial or otherwise.

References
1. American Cancer Society. Cancer Facts & Figures 2020. Atlanta: American Cancer Society. 2020. Available online:

https://www.cancer.org/content/dam/cancer-org/research/cancer-facts-and-statistics/annual-cancer-facts-and-figures/20
20/cancer-facts-and-figures-2020.pdf (accessed on 1 April 2021).

2. Esposito, K.; Chiodini, P.; Colao, A.; Lenzi, A.; Giugliano, D. Metabolic syndrome and risk of cancer: A systematic review and
meta-analysis. Diabetes Care 2012, 35, 2402–2411. [CrossRef] [PubMed]

3. Ford, E.S. Risks for all-cause mortality, cardiovascular disease, and diabetes associated with the metabolic syndrome: A summary
of the evidence. Diabetes Care 2005, 28, 1769–1778. [CrossRef]

4. Watanabe, S.; Yaginuma, R.; Ikejima, K.; Miyazaki, A. Liver diseases and metabolic syndrome. J. Gastroenterol. 2008, 43, 509–518.
[CrossRef] [PubMed]

5. Raikou, V.D.; Gavriil, S. Metabolic syndrome and chronic renal disease. Diseases 2018, 6, 12. [CrossRef] [PubMed] [PubMed
Central]

6. Ritchie, S.A.; Connell, J.M.C. The link between abdominal obesity, metabolic syndrome, and cardiovascular disease. Nutr. Metab.
Cardiovasc. Dis. 2007, 17, 319–326. [CrossRef] [PubMed]

7. Shin, J.A.; Lee, J.H.; Lim, S.Y.; Ha, H.S.; Kwon, H.; Park, Y.; Lee, W.; Kang, M.; Yim, H.; Yoon, K. Metabolic syndrome as a predictor
of type 2 diabetes, and its clinical interpretations and usefulness. J. Diabetes Investig. 2013, 4, 334–343. [CrossRef] [PubMed]
[PubMed Central]

8. Ahmed, R.L.; Schmitz, K.H.; Anderson, K.E.; Rosamond, W.D.; Folsom, A.R. The metabolic syndrome and risk of incident
colorectal cancer. Cancer 2006, 107, 28–36. [CrossRef]

9. Chen, X.; Liang, H.; Song, Q.; Xu, X.; Cao, D. Insulin promotes progression of colon cancer by upregulation of ACAT1. Lipids
Health Dis. 2018, 17, 122. [CrossRef] [PubMed]

10. Harlid, S.; Myte, R.; Van Guelpen, B. The metabolic syndrome, inflammation, and colorectal cancer risk: An evaluation of large
panels of plasma protein markers using repeated, prediagnostic samples. Mediat. Inflamm. 2017, 2017, 4803156. [CrossRef]
[PubMed] [PubMed Central]

11. Stocks, T.; Lukanova, A.; Bjorge, T.; Ulmer, H.; Manjer, J.; Almquist, M.; Concin, H.; Engeland, A.; Hallmans, G.; Nagel, G.; et al.
Metabolic factors and the risk of colorectal cancer in 580,000 men and women in the metabolic syndrome and cancer project
(Me-Can). Cancer 2011, 117, 2398–2407. [CrossRef]

12. Tsilidis, K.K.; Brancati, F.L.; Pollak, M.N.; Rifai, N.; Clipp, S.L.; Hoffman-Bolton, J.; Helzlsouer, K.J.; Platz, E.A. Metabolic
syndrome components and colorectal adenoma in the CLUE II cohort. Cancer Causes Control 2010, 21, 1–10. [CrossRef] [PubMed]

https://www.cancer.org/content/dam/cancer-org/research/cancer-facts-and-statistics/annual-cancer-facts-and-figures/2020/cancer-facts-and-figures-2020.pdf
https://www.cancer.org/content/dam/cancer-org/research/cancer-facts-and-statistics/annual-cancer-facts-and-figures/2020/cancer-facts-and-figures-2020.pdf
https://doi.org/10.2337/dc12-0336
https://www.ncbi.nlm.nih.gov/pubmed/23093685
https://doi.org/10.2337/diacare.28.7.1769
https://doi.org/10.1007/s00535-008-2193-6
https://www.ncbi.nlm.nih.gov/pubmed/18648737
https://doi.org/10.3390/diseases6010012
https://www.ncbi.nlm.nih.gov/pubmed/29364162
https://www.ncbi.nlm.nih.gov/pmc/PMC5871958
https://www.ncbi.nlm.nih.gov/pmc/PMC5871958
https://doi.org/10.1016/j.numecd.2006.07.005
https://www.ncbi.nlm.nih.gov/pubmed/17110092
https://doi.org/10.1111/jdi.12075
https://www.ncbi.nlm.nih.gov/pubmed/24843675
https://www.ncbi.nlm.nih.gov/pmc/PMC4020225
https://doi.org/10.1002/cncr.21950
https://doi.org/10.1186/s12944-018-0773-x
https://www.ncbi.nlm.nih.gov/pubmed/29793481
https://doi.org/10.1155/2017/4803156
https://www.ncbi.nlm.nih.gov/pubmed/28522899
https://www.ncbi.nlm.nih.gov/pmc/PMC5381203
https://doi.org/10.1002/cncr.25772
https://doi.org/10.1007/s10552-009-9428-6
https://www.ncbi.nlm.nih.gov/pubmed/19774471


Cancers 2024, 16, 3350 11 of 12

13. Aleksandrova, K.; Boeing, H.; Jenab, M.; Bueno-De-Mesquita, H.B.; Jansen, E.; van Duijnhoven, F.J.; Fedirko, V.; Rinaldi, S.;
Romieu, I.; Riboli, E.; et al. Metabolic syndrome and risks of colon and rectal cancer: The European prospective investigation into
cancer and nutrition study. Cancer Prev. Res. 2011, 4, 1873–1883. [CrossRef] [PubMed]

14. Trabulo, D.; Ribeiro, S.; Martins, C.; Teixeira, C.; Cardoso, C.; Mangualde, J.; Freire, R.; Gamito, É.; Alves, A.L.; Augusto, F.; et al.
Metabolic syndrome and colorectal neoplasms: An ominous association. World J. Gastroenterol. 2015, 21, 5320–5327. [CrossRef]
[PubMed]

15. Liu, C.S.; Hsu, H.S.; Li, C.I.; Jan, C.-I.; Li, T.-C.; Lin, W.-Y.; Lin, T.; Chen, Y.-C.; Lee, C.-C.; Lin, C.-C. Central obesity and atherogenic
dyslipidemia in metabolic syndrome are associated with increased risk for colorectal adenoma in a Chinese population. BMC
Gastroenterol. 2010, 10, 51. [CrossRef]

16. Murphy, T.K.; Calle, E.E.; Rodriguez, C.; Kahn, H.S.; Thun, M.J. Body mass index and colon cancer mortality in a large prospective
study. Am. J. Epidemiol. 2000, 152, 847–854. [CrossRef]

17. Wilson, R.J.; Ryerson, A.B.; Singh, S.D.; King, J.B. Cancer incidence in Appalachia, 2004–2011. Cancer Epidemiol. Biomark. Prev.
2016, 25, 250–258. [CrossRef] [PubMed]

18. Pollard, K.; Jacobsen, L.A. American Community Survey. Appalachian Regional Commission; 2014. The Appalachian Region: A
Data Overview from the 2008–2012. Available online: https://www.arc.gov/wp-content/uploads/2020/06/DataOverviewfrom2
008-2012ACS.pdf (accessed on 14 April 2020).

19. Coughlin, S.S.; Thompson, T.D. Colorectal cancer screening practices among men and women in rural and non-rural areas of the
United States, 1999. J. Rural Health 2004, 20, 118–124. [CrossRef]

20. Dignan, M.; Shelton, B.; Slone, S.A.; Tolle, C.; Mohammad, S.; Schoenberg, N.; Pearce, K.; Van Meter, E.; Ely, G. Effectiveness of a
primary care practice intervention for increasing colorectal cancer screening in Appalachian Kentucky. Prev. Med. 2014, 58, 70–74.
[CrossRef] [PubMed]

21. Map of Appalachian Counties. Appalachian Regional Commission. Available online: https://www.arc.gov/about-the-
appalachian-region/ (accessed on 16 April 2020).

22. Colorectal Cancer Risk Factors. American Cancer Society. Available online: https://www.cancer.org/cancer/colon-rectal-cancer/
causes-risks-prevention/risk-factors.html (accessed on 19 April 2020).

23. Hannan, L.M.; Jacobs, E.J.; Thun, M.J. The association between cigarette smoking and risk of colorectal cancer in a large
prospective cohort from the United States. Cancer Epidemiol. Biomark. Prev. 2009, 18, 3362–3367. [CrossRef]

24. Johnson, C.M.; Wei, C.; Ensor, J.E.; Smolenski, D.J.; Amos, C.I.; Levin, B.; Berry, D.A. Meta-analyses of colorectal cancer risk
factors. Cancer Causes Control. CCC 2013, 24, 1207–1222. [CrossRef]

25. Muller, A.D.; Sonnenberg, A. Prevention of colorectal cancer by flexible endoscopy and polypectomy. A case-control study of
32,702 veterans. Ann. Intern. Med. 1995, 123, 904–910. [CrossRef] [PubMed]

26. Stryker, S.J.; Wolff, B.G.; Culp, C.E.; Libbe, S.D.; Ilstrup, D.M.; MacCarty, R.L. Natural history of untreated colonic polyps.
Gastroenterology 1987, 93, 1009–1013. [CrossRef] [PubMed]

27. Amersi, F.; Agustin, M.; Ko, C.Y. Colorectal cancer: Epidemiology, risk factors, and health services. Clin. Colon Rectal Surg. 2005,
18, 133–140. [CrossRef] [PubMed]

28. Fuchs, C.S.; Giovannucci, E.L.; Colditz, G.A.; Hunter, D.J.; Speizer, F.E.; Willett, W.C. A prospective study of family history and
the risk of colorectal cancer. N. Engl. J. Med. 1994, 331, 1669–1674. [CrossRef] [PubMed]

29. Smith, R.A.; Von Eschenbach, A.C.; Wender, R.; Levin, B.; Byers, T.; Rothenberger, D.; Brooks, D.; Creasman, W.; Cohen, C.;
Runowicz, C.; et al. American Cancer Society guidelines for early cancer detection: Update of early detection guidelines for
prostate, colorectal, and endometrial cancers. CA Cancer J. Clin. 2001, 51, 38–75. [CrossRef] [PubMed]

30. Baek, J.H.; Kim, H.; Kim, K.Y.; Jung, J. Insulin resistance and the risk of diabetes and dysglycemia in Korean general adult
population. Diabetes Metab. J. 2018, 42, 296–307. [CrossRef] [PubMed] [PubMed Central]

31. Giovannucci, E. Insulin and colon cancer. Cancer Causes Control 1995, 6, 164–179. [CrossRef]
32. Komninou, D.; Ayonote, A.; Richie, J.P.; Rigas, B. Insulin resistance and its contribution to colon carcinogenesis. Exp. Biol. Med.

2003, 228, 396–405. [CrossRef] [PubMed]
33. Cirillo, F.; Catellani, C.; Sartori, C.; Lazzeroni, P.; Amarri, S.; Street, M.E. Obesity, Insulin resistance, and colorectal cancer: Could

miRNA dysregulation play a role? Int. J. Mol. Sci. 2019, 20, 2922. [CrossRef] [PubMed] [PubMed Central]
34. Farahani, H.; Mahmoudi, T.; Asadi, A.; Nobakht, H.; Dabiri, R.; Hamta, A. Insulin resistance and colorectal cancer risk: The role

of elevated plasma resistin levels. J. Gastrointest. Cancer 2020, 51, 478–483. [CrossRef]
35. Cedó, L.; Reddy, S.T.; Mato, E.; Blanco-Vaca, F.; Escolà-Gil, J.C. HDL and LDL: Potential new players in breast cancer development.

J. Clin. Med. 2019, 8, 853. [CrossRef] [PubMed] [PubMed Central]
36. Murai, T. Cholesterol lowering: Role in cancer prevention and treatment. Biol. Chem. 2015, 396, 1–11. [CrossRef]
37. McKeown-Eyssen, G. Epidemiology of colorectal cancer revisited: Are serum triglycerides and/or plasma glucose associated

with risk. Cancer Epidemiol. Biomark. Prev. 1994, 3, 687–695.
38. Bruce, W.R.; Wolever, T.M.; Giacca, A. Mechanisms linking diet and colorectal cancer: The possible role of insulin resistance. Nutr.

Cancer 2000, 37, 19–26. [CrossRef] [PubMed]
39. Niho, N.; Takahashi, M.; Shoji, Y.; Takeuchi, Y.; Matsubara, S.; Sugimura, T.; Wakabayashi, K. Dose-dependent suppression of

hyperlipidemia and intestinal polyp formation in Min mice by pioglitazone, a PPAR gamma ligand. Cancer Sci. 2003, 94, 960–964.
[CrossRef] [PubMed]

https://doi.org/10.1158/1940-6207.CAPR-11-0218
https://www.ncbi.nlm.nih.gov/pubmed/21697276
https://doi.org/10.3748/wjg.v21.i17.5320
https://www.ncbi.nlm.nih.gov/pubmed/25954106
https://doi.org/10.1186/1471-230X-10-51
https://doi.org/10.1093/aje/152.9.847
https://doi.org/10.1158/1055-9965.EPI-15-0946
https://www.ncbi.nlm.nih.gov/pubmed/26819264
https://www.arc.gov/wp-content/uploads/2020/06/DataOverviewfrom2008-2012ACS.pdf
https://www.arc.gov/wp-content/uploads/2020/06/DataOverviewfrom2008-2012ACS.pdf
https://doi.org/10.1111/j.1748-0361.2004.tb00017.x
https://doi.org/10.1016/j.ypmed.2013.10.018
https://www.ncbi.nlm.nih.gov/pubmed/24212061
https://www.arc.gov/about-the-appalachian-region/
https://www.arc.gov/about-the-appalachian-region/
https://www.cancer.org/cancer/colon-rectal-cancer/causes-risks-prevention/risk-factors.html
https://www.cancer.org/cancer/colon-rectal-cancer/causes-risks-prevention/risk-factors.html
https://doi.org/10.1158/1055-9965.EPI-09-0661
https://doi.org/10.1007/s10552-013-0201-5
https://doi.org/10.7326/0003-4819-123-12-199512150-00002
https://www.ncbi.nlm.nih.gov/pubmed/7486484
https://doi.org/10.1016/0016-5085(87)90563-4
https://www.ncbi.nlm.nih.gov/pubmed/3653628
https://doi.org/10.1055/s-2005-916274
https://www.ncbi.nlm.nih.gov/pubmed/20011296
https://doi.org/10.1056/NEJM199412223312501
https://www.ncbi.nlm.nih.gov/pubmed/7969357
https://doi.org/10.3322/canjclin.51.1.38
https://www.ncbi.nlm.nih.gov/pubmed/11577479
https://doi.org/10.4093/dmj.2017.0106
https://www.ncbi.nlm.nih.gov/pubmed/29885105
https://www.ncbi.nlm.nih.gov/pmc/PMC6107354
https://doi.org/10.1007/BF00052777
https://doi.org/10.1177/153537020322800410
https://www.ncbi.nlm.nih.gov/pubmed/12671184
https://doi.org/10.3390/ijms20122922
https://www.ncbi.nlm.nih.gov/pubmed/31207998
https://www.ncbi.nlm.nih.gov/pmc/PMC6628223
https://doi.org/10.1007/s12029-019-00260-7
https://doi.org/10.3390/jcm8060853
https://www.ncbi.nlm.nih.gov/pubmed/31208017
https://www.ncbi.nlm.nih.gov/pmc/PMC6616617
https://doi.org/10.1515/hsz-2014-0194
https://doi.org/10.1207/S15327914NC3701_2
https://www.ncbi.nlm.nih.gov/pubmed/10965515
https://doi.org/10.1111/j.1349-7006.2003.tb01385.x
https://www.ncbi.nlm.nih.gov/pubmed/14611672


Cancers 2024, 16, 3350 12 of 12

40. Gaard, M.; Tretli, S.; Urdal, P. Blood lipid and lipoprotein levels and the risk of cancer of the colon and rectum. A prospective
study of 62,173 Norwegian men and women. Scand. J. Gastroenterol. 1997, 32, 162–168. [CrossRef]

41. Mannes, G.A.; Maier, A.; Thieme, C.; Wiebecke, B.; Paumgartner, G. Relation between the frequency of colorectal adenoma and
the serum cholesterol level. N. Engl. J. Med. 1986, 315, 1634–1638. [CrossRef]

42. Baena, R.; Salinas, P. Diet and colorectal cancer. Maturitas 2015, 80, 258–264. [CrossRef] [PubMed]
43. Gill, C.I.R.; Rowland, I.R. Diet and cancer: Accessing the risk. Br. J. Nutr. 2002, 88 (Suppl. S1), S73–S87. [CrossRef]
44. Abualkhair, W.H.; Zhou, M.; Ahnen, D.; Yu, Q.; Wu, X.-C.; Karlitz, J.J. Trends in incidence of early-onset colorectal cancer in the

United States among those approaching screening age. JAMA Netw. Open 2020, 3, e1920407. [CrossRef] [PubMed]
45. Karanikas, M.; Esebidis, A. Increasing incidence of colon cancer in patients <50 years old: A new entity? Ann. Transl. Med. 2016, 4,

164. [CrossRef] [PubMed] [PubMed Central]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3109/00365529709000187
https://doi.org/10.1056/NEJM198612253152602
https://doi.org/10.1016/j.maturitas.2014.12.017
https://www.ncbi.nlm.nih.gov/pubmed/25619144
https://doi.org/10.1079/BJN2002632
https://doi.org/10.1001/jamanetworkopen.2019.20407
https://www.ncbi.nlm.nih.gov/pubmed/32003823
https://doi.org/10.21037/atm.2016.04.13
https://www.ncbi.nlm.nih.gov/pubmed/27275477
https://www.ncbi.nlm.nih.gov/pmc/PMC4876259

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

