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Exploring the nexus between obesity, metabolic
syndrome, and colorectal cancer
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The increasing global prevalence of obesity and metabolic syndrome (MetS) is strongly associated with the incidence of colorectal
cancer (CRC). Obesity and MetS detrimentally impact the treatment outcomes of CRC and share similar mechanisms that contribute
to the development of CRC. Increased insulin resistance in patients with obesity is linked to CRC, and altered levels of sex hormones
and adipokines affect cell growth and inflammation. Obesity and MetS also alter the gut microbiome. Bile acids, which are crucial for
lipid metabolism, are elevated in patients with obesity. Moreover, specific bile acids are associated with colonic damage, inflamma-
tion, and the development of CRC. Obesity and MetS increase the risk of postoperative complications and affect the response to che-
motherapy. The promotion of weight loss and the resolution of MetS can reduce the occurrence of CRC and increase treatment effica-
cy. Therefore, it is imperative to implement appropriate management strategies to address obesity and MetS with the aim of improv-
ing the prognosis and reducing the incidence of CRC. Moreover, additional research should be conducted to determine the optimal
timing for tailored CRC screening in patients with obesity or MetS. In this review, we explore the impact of obesity and MetS on the
development of CRC and examine potential strategies to mitigate CRC risk in individuals with obesity and MetS.

Keywords: Colorectal neoplasms; Metabolic syndrome; Obesity

Introduction

Colorectal cancer (CRC) ranked third among the most
frequently diagnosed malignancy and second among the
leading cause of cancer-related deaths globally in 2022 [1].
Approximately 60% to 65% of patients with CRC do not have
a familial history of CRC or inherited genetic mutations that
increase the risk of CRC. In these patients, CRC may be due
to acquired somatic genetic and epigenetic abnormalities
or is associated with modifiable risk factors, such as obesity,
a Westernized diet, physical activity, alcohol consumption,
and smoking. These modifiable risk factors contribute to

sporadic CRC [2].

Globally, the prevalence of obesity increased four-fold
among men and doubled among women between 1975
and 2016. During this period, the absolute number of
adults with obesity soared nearly 7-fold, from 100 to 671
million [3]. The overall age-adjusted prevalence of obesity
in the United States in 2014 was 37.7%, affecting 35.0% of
men and 40.4% of women [4]. There was a noticeable lin-
ear increase in obesity prevalence among women over the
previous decade, while the trend in men did not exhibit the
same pattern. Notably, obesity is three times more preva-
lent in the United States (37.7%) than in Europe (12.8%) [4].
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The number of individuals with obesity in Korea also in-
creased by 101.6% from 2017 to 2021 [5]. Obesity is defined
by a body mass index (BMI) >30 kg/m?” while overweight
is defined by a BMI >25 kg/m”. An increased waist circum-
ference is defined as 290 cm for obese men and >80 cm for
obese women. According to the guidelines provided by the
World Health Organization, overweight is defined as having
a BMI between 23-25 kg/m”®, and obesity is defined as hav-
ing a BMI >25 kg/m” for patients of Asian-Pacific descent.

Comparable to the trend observed in obesity, the prev-
alence of metabolic syndrome (MetS) is also increasing.
In the United States, the prevalence of MetS was notably
high, reaching 32.8% for men and 36.6% for women among
adults aged 20 years or older in 2012 [6]. In Korea, since the
initiation of the Korea National Health and Nutrition Ex-
amination Survey, there has been an increase in MetS rates
from 22.4% and 27.9% in men and women, respectively, in
1998. Subsequently, it rapidly rose from 29.0% in 2007 to
32.9% [7]. Other studies indicate a slight increase among
men, from 27.9% in 2008 to 30.8% in 2013, while women
displayed a stable trend, maintaining a rate of 26.4% from
2008 to 2013 [8].

Obesity is associated with MetS, which includes diabetes
or glucose intolerance, hypertension (HTN), obesity, and
dyslipidemia. It is also associated with irritable bowel syn-
drome, gastroesophageal reflux disease, and celiac disease
[9-11]. Thirteen types of cancer, including CRC, have been
associated with obesity or MetS [12]. Approximately two-
thirds of individuals with MetS are considered obese; how-
ever, not all individuals with obesity experience poor health
[11,13,14]. Furthermore, MetS and insulin resistance are
closely related [15]. Insulin resistance has been hypothe-
sized to play arole in the incidence of CRC via various path-
ways that contribute to the understanding of the intricate
relationship between metabolic disorders and an increased
risk of colon cancer.

This review discusses the effects of obesity and MetS on
the development of CRC and explores strategies for reduc-
ing the risk of CRC in patients with obesity and MetS.

Epidemiological evidence
substantiating an association between
obesity, MetS, and CRC

Several studies and meta-analyses have reported data sup-

porting the increased incidence of CRC in individuals with
obesity. In a previous meta-analysis, as the BMI increased,
the risk of CRC also increased, demonstrating a progressive
trend with X values of 1.14 (95% confidence interval [CI],
1.06-1.23) for patients with a BMI <23.0 kg/m? 1.19 (95%
CI, 1.13-1.25) for patients with a BMI of 23.0-24.9 kg/m?,
1.24 (95% CI, 1.15-1.35) for patients with a BMI of 25.0-27.4
kg/m® and 1.41 (95% CI, 1.30-1.53) for patients with a BMI
of 27.5-29.9 kg/m” [16]. Another meta-analysis reported
a correlation between weight gain and an increased risk
of CRC (relative risk [RR], 1.02 per 5 kg increase in weight;
RR, 1.06 per 5 kg/m’increase in BMI; RR, 1.02 per 10 cm in-
crease in waist circumference) [17].

While the parameters for defining obesity vary, recent re-
search suggests that waist circumference is a superior pre-
dictive marker of advanced colorectal neoplasia compared
to BMI [18]. This is because waist circumference more
accurately reflects visceral obesity, which is considered the
most carcinogenic type of obesity. In a sex-specific analy-
sis, increased waist circumference was associated with an
increased RR of CRC. Men and women with a larger waist
circumference exhibited 1.477 times and 1.442 times higher
RR, respectively, than that of patients with a smaller waist
circumference [12,19].

Moreover, a population-based study examining the
correlation between CRC and changes in obesity levels
demonstrated that patients maintaining obesity exhibit a
higher incidence of CRC than those transitioning from be-
ing obese to non-obese [20]. This suggests the continuous
contribution of obesity to the development of CRC and em-
phasizes the lasting impact of obesity rather than the obesi-
ty status at the time of measurement.

MetS includes a cluster of clinical MetS that occur togeth-
er, such as diabetes, glucose intolerance, HTN, obesity, and
dyslipidemia. A lack of physical activity, persistent stress,
an unbalanced diet, and lipodystrophy can increase the
likelihood of developing MetS [21]. Epidemiological investi-
gations have revealed a positive correlation between MetS,
the components of MetS, and the risk of cancer including
CRC [22,23]. Similar to obesity, MetS is correlated with the
onset of CRC (RR, 1.34; 95% CI, 1.24-1.44). The cumulative
incidence of CRC increases with the diagnosis of conditions
that meet the diagnostic criteria for MetS [24,25]. The risk of
early-onset CRC (EOCRC) may vary depending on the pres-
ence or absence of MetS. In a prospective cohort including
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over 85,000 women, the risk of EOCRC was increased with
a multivariate RR of 1.93 (95% CI, 1.15-3.25) in women
with obesity. Furthermore, a BMI >23 kg/m” at the age of
18 years independently increased the risk of EOCRC (mod-
ified RR, 1.63; 95% CI 1.01-2.61) [26]. A case-control study
reported that individuals with MetS had approximately
31% increased risk of EOCRC compared to that of those
without MetS. In a study conducted among women who
received prenatal care in Oakland, California, between 1959
and 1966, involving a total of 18,751 live births from 14,507
mothers, it was found that maternal obesity (with BMI of
>30 kg/m?®) was associated with a 2.51-fold increase in the
risk of CRC in offspring. Additionally, babies born with a
weight exceeding 4,000 g showed a 1.95-fold increased risk
of CRC [27].

The mechanisms through which obesity
and contribution of MetS to CRC
development

The mechanisms associated with obesity are likely similar
to those of MetS. A positive correlation between obesity and
MetS has been reported, linked to an increased incidence
of CRC. Several mechanisms are involved in this process.
Adipose tissue includes insulin, insulin-like growth fac-
tor (IGF), adipokines, and several inflammatory cytokines
including tumor necrosis factor-a, C-C motif chemokine
ligand 2, and plasminogen activator inhibitor. These factors
influence the secretion of various interleukins. An increased
expression of leptin receptors in patients with CRC is as-
sociated with increased insulin resistance in patients with
obesity [28,29]. Furthermore, alterations in sex hormone
and adipokine levels can affect cell growth, inflammation,
and other processes associated with cancer development
[29,30]. Leptin acts on the hypothalamus to suppress ap-
petite, promote energy consumption, and regulate eating
behavior. Patients with obesity have higher serum leptin
levels than do patients without obesity due to leptin resis-
tance. Soluble leptin receptor (sOB-R) is a potential marker
of leptin resistance and is deficient in patients with obe-
sity. One study reported an inverse relationship between
serum sOB-R levels and the risk of CRC [31]. Adiponectin,
a hormone that regulates insulin sensitivity, is reduced in
patients with obesity. In addition, adiponectin is involved
in cell growth, survival, and protein synthesis. Several stud-
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ies have reported an increased risk of CRC with decreased
serum adiponectin levels [32,33].

Bile acids play a vital role in lipid metabolism and are in-
volved in intestinal fat absorption. Total bile acid secretion
is positively correlated with BMI in patients with obesity.
While the total bile acid levels are slightly increased in pa-
tients with obesity, the levels of conjugated bile acids and
deoxycholic acid (DCA), a secondary bile acid, are signifi-
cantly increased in the plasma and liver of these patients.
DCA is associated with cytotoxicity, damages colonic ep-
ithelial cells, stimulates inflammatory responses, induces
the production of reactive oxygen species, promotes ge-
nomic instability, and contributes to the development of
CRC through resistance to apoptosis [34,35]. Obesity and
MetS induce changes in the gut microbiome, influencing
these mechanisms. Insulin resistance is a pivotal mecha-
nism in this context as it leads to hyperinsulinemia, subse-
quently activating the phosphoinositide 3-kinase/protein
kinase B/mammalian target of the rapamycin signaling
pathway in patients with CRC. This leads to increased IGF-
1 levels and modified peroxisome proliferator-activated
receptory (PPARY) and nuclear factor kappa B (NF-«B) sig-
naling, contributing to the development of CRC [36-38].

Correlation between obesity, MetS,
treatment modalities, and CRC
prognosis

Previous studies have reported that obesity affects the diag-
nosis and treatment of CRC. The precision of CRC staging
can be compromised by the quantity of visceral adipose
tissue. In a study involving 216 patients with CRC, com-
puted tomography revealed mis-staging in 39% of cases
[39]. Factors independent of each other associated with an
increased probability of mis-staging encompassed reduced
visceral adipose tissue (less than 122 cm® p<0.001) and a
tumor located proximally (p=0.004). For individuals clas-
sified as obese, the accuracy of radiological evaluations for
cancer staging might be compromised. Given the critical
importance of accurate diagnosis in determining treatment
strategies, this can potentially impact the initial treatment
plan for CRC in patients with obesity.

An increased incidence of postoperative complications,
such as an increased conversion rate after initial laparosco-
py, prolonged operative time, and postoperative morbidity,
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has been reported in patients with obesity undergoing
colorectal surgery [40,41]. In a recent meta-analysis, BMI
was identified as a contributing factor for anatomical leak-
age during CRC surgery [42]. In addition, the incidence of
infection was higher in patients with obesity. According to
a meta-analysis, patients with a BMI >30 kg/m” had more
than twice the risk of surgical site infection compared to
those with a BMI <30 kg/m” (odds ratio [OR], 2.13; 95% CI,
1.66-2.72; p<0.001). In addition, Asian patients with a BMI
>25 kg/m” faced a 63% higher likelihood of surgical site in-
fection compared to those with a BMI <25kg/m” (OR, 1.63;
95% CI, 1.29-2.06; p<0.001) [43]. Similar findings have been
reported in studies investigating the relationship between
MetS and the adverse events following colon surgery. Ac-
cording to a prior meta-analysis, individuals with MetS
exhibited a higher likelihood of experiencing severe com-
plications compared to those without MetS (RR, 1.62; 95%
CI, 1.01-2.59). Although not statistically significant, trends
indicating an elevated risk for various complications were
observed, including mortality (RR, 1.19; 95% CI, 1.00-1.43),
and any complication (RR, 1.35; 95% CI, 0.91-2.00), anasto-
motic leakage (RR, 1.67; 95% CI, 0.47-5.93). Furthermore,
preoperative hyperglycemia was linked to an increased risk
of surgical site infection (RR, 1.35; 95% CI, 1.01-1.81) [44].

In addition to surgery, another treatment option for
CRC is chemotherapy. Previous studies have reported
that patients with obesity respond poorly to chemothera-
py compared with patients with normal weight. First-line
chemotherapy combined with bevacizumab resulted in a
longer progression-free survival and more favorable 2-year
survival rates in patients without obesity than in those with
obesity [45]. Nevertheless, individuals categorized in the
group with low visceral fat area displayed a median overall
survival that was shorter compared to those in the high vis-
ceral fat area group. Additionally, a low visceral fat area was
recognized as an independent predictive factor associated
with enhanced overall survival [46]. The effects of obesity
on chemotherapy outcomes remain controversial due to
various factors that influence the assessment of chemother-
apy effectiveness. Therefore, well-designed, prospective
randomized studies are necessary.

A recent meta-analysis including 45 studies and 607,266
patients with stages I-IV CRC reported an increased in-
cidence of CRC (OR, 1.27; 95% CI, 1.11-1.45) and overall
mortality rate (OR, 1.20; 95% CI, 1.06-1.36) among individ-

uals with obesity compared with that of those with normal
weight [47]. This finding indicates a distinct role of obesity
in determining the prognosis of patients.

MetS is associated with an unfavorable prognosis in
patients with CRC. According to a recent meta-analysis,
MetS has been linked to elevated all-cause mortality and
mortality specifically related to CRC among CRC patients.
Diabetes, considered as one component of MetS, has been
individually associated with heightened overall mortality
in CRC patients, alongside obesity. Moreover, an escalation
in the number of metabolic risk factors correlates with an
increased risk of mortality related to CRC [48]. It is widely
acknowledged that obesity and MetS not only contribute to
the onset of CRC but also exert an influence on the overall
survival rate and play a crucial role in shaping the progno-
sis of patients with the disease.

Strategies to mitigate CRC risk

Obesity and MetS are clearly correlated with CRC. This can
be used to develop strategies to prevent the development
of CRC and improve patient prognosis. Some studies have
explored the impact of weight loss on the risk of CRC. In a
multicenter prospective cohort study, a decrease in BMI
through weight loss was associated with a reduced risk of
CRC (hazard ratio, 0.69; 95% CI, 0.52-0.92) [49]. In anoth-
er study, post-menopausal women who intentionally lost
weight showed a notable reduction in CRC risk, with a haz-
ard ratio of 0.79 (95% CI, 0.63-0.99) [50].

This effect is also observed in patients who undergo bar-
iatric surgery. In recent research, two studies investigated
the incidence and mortality of CRC following bariatric sur-
gery. Combining data from the seven largest studies involv-
ing 1.2 million patients with obesity, these meta-analyses
revealed a substantial decrease in CRC risk among indi-
viduals who underwent bariatric surgery (RR, 0.73; 95% CI,
0.58-0.90 and RR, 0.64; 95% CI, 0.42-0.98) [51,52]. However,
there are conflicting results, indicating the need for addi-
tional research to better CRC understand the effectiveness
of bariatric surgery in preventing CRC [53].

A population-based study indicated that patients with
resolved MetS exhibited a reduced incidence of CRC [54].
Nevertheless, no prospective study has specifically investi-
gated the impact of changes in MetS status on CRC occur-
rence. Despite this, there is ample evidence supporting the
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idea that weight loss or the resolution of MetS contributes
to areduction in CRC incidence.

The risk of developing CRC tends to increase with age;
however, it is noteworthy that approximately 10% of newly
diagnosed cases are found in individuals younger than 50
years, a category termed EOCRC. The decline in CRC rates
is believed to be attributed, in part, to an increased propor-
tion of the population undergoing screening colonoscopies,
leading to the removal of benign precancerous lesions. In
contrast, there has been a noticeable increase in the inci-
dence rate of CRC among individuals under the age of 50,
known as EOCRC. Between 1988 and 2015, there was a 63%
increase in the age-adjusted incidence of EOCRC in the
United States, rising from 7.9 to 12.9 cases per 100,000 peo-
ple [55]. Alongside the United States, multiple countries,
including Australia, Canada, Brazil, Japan, China, and the
United Kingdom, have exhibited elevated rates of EOCRC
in recent decades [56]. Comparable outcomes were noted
in a comprehensive systematic review that encompassed
all studies examining trends in EOCRC incidence at the
population level [57]. Recently, there has been a substantial
rise in EOCRC cases in South Korea, leading to a change
in the age distribution of diagnosed CRC [5,58]. In light of
these circumstances, the US Preventive Services Task Force
has lowered the screening age for CRC from 50 to 45 years
[59]. The incidence of EOCRC is increasing, and obesity
and MetS play a significant role in this increase. In a recent
meta-analysis, it was noted that individuals with obesity ex-
hibited an increased likelihood of EOCRC (RR, 1.54; 95% CI,
1.01-2.35), while those with hyperlipidemia, characterized
by elevated levels of fat such as cholesterol and triglycerides
in the blood, also showed a heightened risk (RR, 1.62; 95%
CI, 1.22-2.13) [58].

Early CRC screening for individuals with obesity is a
relevant consideration, although the optimal starting age
remains uncertain. One study suggested that the most no-
table increase in CRC incidence among individuals with
obesity in the last two decades occurred in the aged 25-29
years group [60]. Another study strongly recommended
implementing routine CRC screening for those aged 40-49
years who are morbid obesity or belong to the average risk
MetS population [61]. This recommendation is based on
findings indicating a colorectal neoplasia rate of 35.6% in
individuals aged 250 years and 22.1% in those aged 40-49
years (p=0.053). Additionally, advanced colorectal neo-
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plasia rates were not significantly different between these
age groups (8.4% in 40-49 years group, 9.6% in 50-65 years
group; p=0.792). In another study, an analysis of individuals
in whom colonic adenoma, a precursor lesion of CRC, was
detected before the age of 50 years revealed a close associ-
ation with obesity and MetS [62]. Till date, there have not
been any recommendations regarding the optimal timing
for personalized.

The current evidence pointing towards an increased oc-
currence of EOCRC or young-onset colorectal adenoma in
individuals with obesity and MetS sets the groundwork for
potential early CRC screening for this demographic in the
future. These circumstances may also prompt the creation
of tailored CRC screening tests. Consequently, there is a
requirement for research into personalized CRC screening,
taking into account factors like obesity and MetS. Further-
more, it is crucial to develop guidelines based on such data.

Conclusion

Recent studies have substantiated the close association be-
tween increased rates of obesity and MetS and an increased
incidence of CRC. The metabolic state of patients with
obesity or MetS increases the adverse effects of surgery and
may affect the response to anticancer treatments. This also
affects the prognosis of patients with CRC. Therefore, it is
imperative to implement appropriate management strat-
egies to address obesity and MetS, aiming to enhance the
prognosis and reduce the incidence of CRC. Moreover, the
optimal timing for tailored CRC screening in patients with
obesity or MetS should be determined through additional
research.

Article information

Conflicts of interest
No potential conflict of interest relevant to this article was
reported.

Funding
None.

Author contributions
All the work was done by JYL.



Obesity, metabolic syndrome, and colorectal cancer

ORCID
Jong Yoon Lee, https://orcid.org/0000-0002-6542-8062

References

1. Siegel RL, Miller KD, Wagle NS, Jemal A. Cancer statistics, 2023.
CA Cancer ] Clin 2023;73:17-48.

2.Jasperson KW, Tuohy TM, Neklason DW, Burt RW. Hereditary
and familial colon cancer. Gastroenterology 2010;138:2044-58.

3. SungH, Siegel RL, Torre LA, Pearson-Stuttard J, Islami F, Fedewa
SA, et al. Global patterns in excess body weight and the associat-
ed cancer burden. CA Cancer J Clin 2019;69:88-112.

4.Flegal KM, Kruszon-Moran D, Carroll MD, Fryar CD, Ogden
CL. Trends in obesity among adults in the United States, 2005 to
2014. JAMA 2016;315:2284-91.

5. Shin A, Jung KW, Jeong SY. Right then, wrong now: early-onset
colorectal cancer in Korea. Cancer Res Treat 2023;55:1058-60.

6. Aguilar M, Bhuket T, Torres S, Liu B, Wong RJ. Prevalence of the
metabolic syndrome in the United States, 2003-2012. JAMA
2015;313:1973-4.

7.Lim S, Shin H, Song JH, Kwak SH, Kang SM, Won Yoon J, et al.
Increasing prevalence of metabolic syndrome in Korea: the
Korean National Health and Nutrition Examination Survey for
1998-2007. Diabetes Care 2011;34:1323-8.

8.Tran BT, Jeong BY, Oh JK. The prevalence trend of metabolic
syndrome and its components and risk factors in Korean adults:
results from the Korean National Health and Nutrition Exam-
ination Survey 2008-2013. BMC Public Health 2017;17:71.

9. Lee CG, Lee JK, Kang YS, Shin S, Kim JH, Lim Y], et al. Visceral
abdominal obesity is associated with an increased risk of irrita-
ble bowel syndrome. Am J Gastroenterol 2015;110:310-9.

10. Chang P, Friedenberg F. Obesity and GERD. Gastroenterol Clin
North Am 2014;43:161-73.

11. Despres JP, Lemieux I. Abdominal obesity and metabolic syn-
drome. Nature 2006;444:881-7.

12. Lauby-Secretan B, Scoccianti C, Loomis D, Grosse Y, Bianchini
E Straif K, et al. Body fatness and cancer: viewpoint of the IARC
Working Group. N Engl ] Med 2016;375:794-8.

13. Stefan N, Kantartzis K, Machann J, Schick E Thamer C, Rittig K,
et al. Identification and characterization of metabolically benign
obesity in humans. Arch Intern Med 2008;168:1609-16.

14. Wildman RP, Muntner P, Reynolds K, McGinn AP, Rajpathak S,
Wylie-Rosett ], et al. The obese without cardiometabolic risk
factor clustering and the normal weight with cardiometabolic

risk factor clustering: prevalence and correlates of 2 phenotypes

among the US population (NHANES 1999-2004). Arch Intern
Med 2008;168:1617-24.

15. Giovannucci E. Metabolic syndrome, hyperinsulinemia, and co-
lon cancer: a review. Am J Clin Nutr 2007;86:836S-842S.

16. Ning Y, Wang L, Giovannucci EL. A quantitative analysis of body
mass index and colorectal cancer: findings from 56 observational
studies. Obes Rev 2010;11:19-30.

17. Abar L, Vieira AR, Aune D, Sobiecki JG, Vingeliene S, Polemiti
E, et al. Height and body fatness and colorectal cancer risk: an
update of the WCRF-AICR systematic review of published pro-
spective studies. Eur ] Nutr 2018;57:1701-20.

18. Gathirua-Mwangi WG, Monahan P, Song Y, Zollinger TW, Cham-
pion VL, Stump TE, et al. Changes in adult BMI and waist circum-
ference are associated with increased risk of advanced colorectal
neoplasia. Dig Dis Sci 2017;62:3177-85.

19.MaY, Yang Y, Wang E Zhang P, Shi C, Zou Y, et al. Obesity and risk
of colorectal cancer: a systematic review of prospective studies.
PL0S One 2013;8:€53916.

20. Seo JY, Jin EH, Chung GE, Kim YS, Bae JH, Yim JY, et al. The risk
of colorectal cancer according to obesity status at four-year in-
tervals: a nationwide population-based cohort study. Sci Rep
2023;13:8928.

21. Alberti KG, Zimmet P, Shaw J; IDF Epidemiology Task Force Con-
sensus Group. The metabolic syndrome: a new worldwide defini-
tion. Lancet 2005;366:1059-62.

22. Esposito K, Chiodini P, Colao A, Lenzi A, Giugliano D. Metabolic
syndrome and risk of cancer: a systematic review and me-
ta-analysis. Diabetes Care 2012;35:2402-11.

23.Lee ], Lee KS, Kim H, Jeong H, Choi MJ, Yoo HW, et al. The relation-
ship between metabolic syndrome and the incidence of colorectal
cancer. Environ Health Prev Med 2020;25:6.

24. Mili N, Paschou SA, Goulis DG, Dimopoulos MA, Lambrinouda-
ki I, Psaltopoulou T. Obesity, metabolic syndrome, and cancer:
pathophysiological and therapeutic associations. Endocrine
2021;74:478-97.

25.Jin EH, Han K, Lee DH, Shin CM, Lim JH, Choi Y], et al. Associa-
tion between metabolic syndrome and the risk of colorectal can-
cer diagnosed before age 50 years according to tumor location.
Gastroenterology 2022;163:637-48.

26. Liu PH, Wu K, Ng K, Zauber AG, Nguyen LH, Song M, et al. Asso-
ciation of obesity with risk of early-onset colorectal cancer among
women. JAMA Oncol 2019;5:37-44.

27.Chen H, Zheng X, Zong X, Li Z, Li N, Hur J, et al. Metabolic syn-
drome, metabolic comorbid conditions and risk of early-onset
colorectal cancer. Gut 2021;70:1147-54.

www.kosinmedj.org 23


https://doi.org/10.3322/caac.21763
https://doi.org/10.3322/caac.21763
https://doi.org/10.1053/j.gastro.2010.01.054
https://doi.org/10.1053/j.gastro.2010.01.054
https://doi.org/10.3322/caac.21499
https://doi.org/10.3322/caac.21499
https://doi.org/10.3322/caac.21499
https://doi.org/10.1001/jama.2016.6458
https://doi.org/10.1001/jama.2016.6458
https://doi.org/10.1001/jama.2016.6458
https://doi.org/10.4143/crt.2022.1612
https://doi.org/10.4143/crt.2022.1612
https://doi.org/10.1001/jama.2015.4260
https://doi.org/10.1001/jama.2015.4260
https://doi.org/10.1001/jama.2015.4260
https://doi.org/10.2337/dc10-2109
https://doi.org/10.2337/dc10-2109
https://doi.org/10.2337/dc10-2109
https://doi.org/10.2337/dc10-2109
https://doi.org/10.1186/s12889-016-3936-6
https://doi.org/10.1186/s12889-016-3936-6
https://doi.org/10.1186/s12889-016-3936-6
https://doi.org/10.1186/s12889-016-3936-6
https://doi.org/10.1038/ajg.2014.422
https://doi.org/10.1038/ajg.2014.422
https://doi.org/10.1038/ajg.2014.422
https://doi.org/10.1016/j.gtc.2013.11.009
https://doi.org/10.1016/j.gtc.2013.11.009
https://doi.org/10.1038/nature05488
https://doi.org/10.1038/nature05488
https://doi.org/10.1056/nejmsr1606602
https://doi.org/10.1056/nejmsr1606602
https://doi.org/10.1056/nejmsr1606602
https://doi.org/10.1001/archinte.168.15.1609
https://doi.org/10.1001/archinte.168.15.1609
https://doi.org/10.1001/archinte.168.15.1609
https://doi.org/10.1001/archinte.168.15.1617
https://doi.org/10.1001/archinte.168.15.1617
https://doi.org/10.1001/archinte.168.15.1617
https://doi.org/10.1001/archinte.168.15.1617
https://doi.org/10.1001/archinte.168.15.1617
https://doi.org/10.1001/archinte.168.15.1617
https://doi.org/10.1093/ajcn/86.3.836s
https://doi.org/10.1093/ajcn/86.3.836s
https://doi.org/10.1111/j.1467-789x.2009.00613.x
https://doi.org/10.1111/j.1467-789x.2009.00613.x
https://doi.org/10.1111/j.1467-789x.2009.00613.x
https://doi.org/10.1007/s00394-017-1557-1
https://doi.org/10.1007/s00394-017-1557-1
https://doi.org/10.1007/s00394-017-1557-1
https://doi.org/10.1007/s00394-017-1557-1
https://doi.org/10.1007/s10620-017-4778-5
https://doi.org/10.1007/s10620-017-4778-5
https://doi.org/10.1007/s10620-017-4778-5
https://doi.org/10.1007/s10620-017-4778-5
https://doi.org/10.1371/journal.pone.0053916
https://doi.org/10.1371/journal.pone.0053916
https://doi.org/10.1371/journal.pone.0053916
https://doi.org/10.1038/s41598-023-36111-6
https://doi.org/10.1038/s41598-023-36111-6
https://doi.org/10.1038/s41598-023-36111-6
https://doi.org/10.1038/s41598-023-36111-6
https://doi.org/10.1016/s0140-6736(05)67402-8
https://doi.org/10.1016/s0140-6736(05)67402-8
https://doi.org/10.1016/s0140-6736(05)67402-8
https://doi.org/10.2337/dc12-0336
https://doi.org/10.2337/dc12-0336
https://doi.org/10.2337/dc12-0336
https://doi.org/10.1186/s12199-020-00845-w
https://doi.org/10.1186/s12199-020-00845-w
https://doi.org/10.1186/s12199-020-00845-w
https://doi.org/10.1007/s12020-021-02884-x
https://doi.org/10.1007/s12020-021-02884-x
https://doi.org/10.1007/s12020-021-02884-x
https://doi.org/10.1007/s12020-021-02884-x
https://doi.org/10.1053/j.gastro.2022.05.032
https://doi.org/10.1053/j.gastro.2022.05.032
https://doi.org/10.1053/j.gastro.2022.05.032
https://doi.org/10.1053/j.gastro.2022.05.032
https://doi.org/10.1001/jamaoncol.2018.4280
https://doi.org/10.1001/jamaoncol.2018.4280
https://doi.org/10.1001/jamaoncol.2018.4280
https://doi.org/10.1136/gutjnl-2020-321661
https://doi.org/10.1136/gutjnl-2020-321661
https://doi.org/10.1136/gutjnl-2020-321661

Kosin Medical Journal 2024;39(1):18-25

28. Kobayashi H, Gieniec KA, Lannagan TR, Wang T, Asai N, Mizutani Y,
etal. The origin and contribution of cancer-associated fibroblasts in
colorectal carcinogenesis. Gastroenterology 2022;162:890-906.

29. Kapoor D, Malkin CJ, Channer KS, Jones TH. Androgens, insulin
resistance and vascular disease in men. Clin Endocrinol (Oxf)
2005;63:239-50.

30. Harbs J, Rinaldi S, Gicquiau A, Keski-Rahkonen P, Mori N, Liu
X, et al. Circulating sex hormone levels and colon cancer risk
in men: a nested case-control study and meta-analysis. Cancer
Epidemiol Biomarkers Prev 2022;31:793-803.

31.Aleksandrova K, Schlesinger S, Fedirko V, Jenab M, Bue-
no-de-Mesquita B, Freisling H, et al. Metabolic mediators of the
association between adult weight gain and colorectal cancer:
data from the European Prospective Investigation into Cancer
and Nutrition (EPIC) cohort. Am ] Epidemiol 2017;185:751-64.

32. Fujisawa T, Endo H, Tomimoto A, Sugiyama M, Takahashi H,
Saito S, et al. Adiponectin suppresses colorectal carcinogenesis
under the high-fat diet condition. Gut 2008;57:1531-8.

33. Wei EK, Giovannucci E, Fuchs CS, Willett WC, Mantzoros CS.
Low plasma adiponectin levels and risk of colorectal cancer in
men: a prospective study. ] Natl Cancer Inst 2005;97:1688-94.

34. Centuori SM, Gomes C]J, Trujillo J, Borg J, Brownlee ], Putnam
CW, et al. Deoxycholic acid mediates non-canonical EG-
FR-MAPK activation through the induction of calcium signaling
in colon cancer cells. Biochim Biophys Acta 2016;1861:663-70.

35. Nguyen TT, Ung TT, Kim NH, Jung YD. Role of bile acids in colon
carcinogenesis. World J Clin Cases 2018;6:577-88.

36. Friedrich N, Thuesen B, Jorgensen T, Juul A, Spielhagen C, Wal-
laschofksi H, et al. The association between IGF-I and insulin re-
sistance: a general population study in Danish adults. Diabetes
Care 2012;35:768-73.

37.Bogazzi E Ultimieri E Raggi E Russo D, Vanacore R, Guida C, et al.
PPARgamma inhibits GH synthesis and secretion and increases
apoptosis of pituitary GH-secreting adenomas. Eur ] Endocrinol
2004;150:863-75.

38. Saldeen J, Welsh N. p38 MAPK inhibits JNK2 and mediates cy-
tokine-activated iNOS induction and apoptosis independently
of NF-KB translocation in insulin-producing cells. Eur Cytokine
Netw 2004;15:47-52.

39.Liu LH, Zhou GE Zhou JJ, Rao SX, Zeng MS. Impact of visceral
adipose tissue on the accuracy of T-staging by CT in colon can-
cer. Eur ] Radiol 2021;134:109400.

40.Zhou Y, Wu L, Li X, Wu X, Li B. Outcome of laparoscopic colorec-
tal surgery in obese and nonobese patients: a meta-analysis.
Surg Endosc 2012;26:783-9.

24 www.kosinmedj.org

41. Amri R, Bordeianou LG, Sylla P, Berger DL. Obesity, outcomes
and quality of care: body mass index increases the risk of
wound-related complications in colon cancer surgery. Am J
Surg 2014;207:17-23.

42.He ], He M, Tang JH, Wang XH. Anastomotic leak risk factors
following colon cancer resection: a systematic review and me-
ta-analysis. Langenbecks Arch Surg 2023;408:252.

43. Almasaudi AS, McSorley ST, Edwards CA, McMillan DC. The
relationship between body mass index and short term postoper-
ative outcomes in patients undergoing potentially curative sur-
gery for colorectal cancer: a systematic review and meta-analy-
sis. Crit Rev Oncol Hematol 2018;121:68-73.

44. Reudink M, Slooter CD, Janssen L, Lieverse AG, Roumen RM,
Slooter GD. Metabolic syndrome: associations with adverse
outcome after colorectal surgery. A systematic review and me-
ta-analysis. Ann Med Surg (Lond) 2021;71:102997.

45. Artac M, Korkmaz L, Coskun HS, Dane F, Karabulut B, Karaagac
M, et al. Bevacuzimab may be less effective in obese metastatic
colorectal cancer patients. ] Gastrointest Cancer 2019;50:214-20.

46. Miyamoto Y, Oki E, Emi Y, Tokunaga S, Shimokawa M, Ogata Y,
et al. Low visceral fat content is a negative predictive marker for
bevacizumab in metastatic colorectal cancer. Anticancer Res
2018;38:491-9.

47.Jaspan 'V, Lin K, Popov V. The impact of anthropometric param-
eters on colorectal cancer prognosis: a systematic review and
meta-analysis. Crit Rev Oncol Hematol 2021;159:103232.

48.Lu B, Qian JM, Li JN. The metabolic syndrome and its compo-
nents as prognostic factors in colorectal cancer: a meta-analysis
and systematic review. ] Gastroenterol Hepatol 2023;38:187-96.

49. Christakoudi S, Pagoni P, Ferrari P, Cross AJ, Tzoulaki I, Muller
DC, et al. Weight change in middle adulthood and risk of cancer
in the European Prospective Investigation into Cancer and Nu-
trition (EPIC) cohort. Int ] Cancer 2021;148:1637-51.

50. Luo J, Hendryx M, Manson JE, Figueiredo JC, LeBlanc ES, Bar-
rington W, et al. Intentional weight loss and obesity-related can-
cer risk. JNCI Cancer Spectr 2019;3:pkz054.

51. Afshar §, Kelly SB, Seymour K, Lara J, Woodcock S, Mathers JC.
The effects of bariatric surgery on colorectal cancer risk: system-
atic review and meta-analysis. Obes Surg 2014;24:1793-9.

52. Almazeedi S, El-Abd R, Al-Khamis A, Albatineh AN, Al-Sabah S.
Role of bariatric surgery in reducing the risk of colorectal cancer:
ameta-analysis. Br ] Surg 2020;107:348-54.

53. Taube M, Peltonen M, Sjoholm K, Palmqvist R, Andersson-As-
sarsson JC, Jacobson P, et al. Long-term incidence of colorectal

cancer after bariatric surgery or usual care in the Swedish Obese


https://doi.org/10.1053/j.gastro.2021.11.037
https://doi.org/10.1053/j.gastro.2021.11.037
https://doi.org/10.1053/j.gastro.2021.11.037
https://doi.org/10.1111/j.1365-2265.2005.02299.x
https://doi.org/10.1111/j.1365-2265.2005.02299.x
https://doi.org/10.1111/j.1365-2265.2005.02299.x
https://doi.org/10.1158/1055-9965.epi-21-0996
https://doi.org/10.1158/1055-9965.epi-21-0996
https://doi.org/10.1158/1055-9965.epi-21-0996
https://doi.org/10.1158/1055-9965.epi-21-0996
https://doi.org/10.1093/aje/kww194
https://doi.org/10.1093/aje/kww194
https://doi.org/10.1093/aje/kww194
https://doi.org/10.1093/aje/kww194
https://doi.org/10.1093/aje/kww194
https://doi.org/10.1136/gut.2008.159293
https://doi.org/10.1136/gut.2008.159293
https://doi.org/10.1136/gut.2008.159293
https://doi.org/10.1093/jnci/dji376
https://doi.org/10.1093/jnci/dji376
https://doi.org/10.1093/jnci/dji376
https://doi.org/10.1016/j.bbalip.2016.04.006
https://doi.org/10.1016/j.bbalip.2016.04.006
https://doi.org/10.1016/j.bbalip.2016.04.006
https://doi.org/10.1016/j.bbalip.2016.04.006
https://doi.org/10.12998/wjcc.v6.i13.577
https://doi.org/10.12998/wjcc.v6.i13.577
https://doi.org/10.2337/dc11-1833
https://doi.org/10.2337/dc11-1833
https://doi.org/10.2337/dc11-1833
https://doi.org/10.2337/dc11-1833
https://doi.org/10.1530/eje.0.1500863
https://doi.org/10.1530/eje.0.1500863
https://doi.org/10.1530/eje.0.1500863
https://doi.org/10.1530/eje.0.1500863
http://www.ncbi.nlm.nih.gov/pubmed/15217752
http://www.ncbi.nlm.nih.gov/pubmed/15217752
http://www.ncbi.nlm.nih.gov/pubmed/15217752
http://www.ncbi.nlm.nih.gov/pubmed/15217752
https://doi.org/10.1016/j.ejrad.2020.109400
https://doi.org/10.1016/j.ejrad.2020.109400
https://doi.org/10.1016/j.ejrad.2020.109400
https://doi.org/10.1007/s00464-011-1952-2
https://doi.org/10.1007/s00464-011-1952-2
https://doi.org/10.1007/s00464-011-1952-2
https://doi.org/10.1016/j.amjsurg.2013.05.016
https://doi.org/10.1016/j.amjsurg.2013.05.016
https://doi.org/10.1016/j.amjsurg.2013.05.016
https://doi.org/10.1016/j.amjsurg.2013.05.016
https://doi.org/10.1007/s00423-023-02989-z
https://doi.org/10.1007/s00423-023-02989-z
https://doi.org/10.1007/s00423-023-02989-z
https://doi.org/10.1016/j.critrevonc.2017.12.004
https://doi.org/10.1016/j.critrevonc.2017.12.004
https://doi.org/10.1016/j.critrevonc.2017.12.004
https://doi.org/10.1016/j.critrevonc.2017.12.004
https://doi.org/10.1016/j.critrevonc.2017.12.004
https://doi.org/10.1016/j.amsu.2021.102997
https://doi.org/10.1016/j.amsu.2021.102997
https://doi.org/10.1016/j.amsu.2021.102997
https://doi.org/10.1016/j.amsu.2021.102997
https://doi.org/10.1007/s12029-017-0047-2
https://doi.org/10.1007/s12029-017-0047-2
https://doi.org/10.1007/s12029-017-0047-2
https://doi.org/10.21873/anticanres.12249
https://doi.org/10.21873/anticanres.12249
https://doi.org/10.21873/anticanres.12249
https://doi.org/10.21873/anticanres.12249
https://doi.org/10.1016/j.critrevonc.2021.103232
https://doi.org/10.1016/j.critrevonc.2021.103232
https://doi.org/10.1016/j.critrevonc.2021.103232
https://doi.org/10.1111/jgh.16042
https://doi.org/10.1111/jgh.16042
https://doi.org/10.1111/jgh.16042
https://doi.org/10.1002/ijc.33339
https://doi.org/10.1002/ijc.33339
https://doi.org/10.1002/ijc.33339
https://doi.org/10.1002/ijc.33339
https://doi.org/10.1093/jncics/pkz054
https://doi.org/10.1093/jncics/pkz054
https://doi.org/10.1093/jncics/pkz054
https://doi.org/10.1007/s11695-014-1359-y
https://doi.org/10.1007/s11695-014-1359-y
https://doi.org/10.1007/s11695-014-1359-y
https://doi.org/10.1002/bjs.11494
https://doi.org/10.1002/bjs.11494
https://doi.org/10.1002/bjs.11494
https://doi.org/10.1371/journal.pone.0248550
https://doi.org/10.1371/journal.pone.0248550
https://doi.org/10.1371/journal.pone.0248550

Obesity, metabolic syndrome, and colorectal cancer

Subjects study. PLoS One 2021;16:€0248550.
54.Jin EH, Choi YJ, Lim JH, Shin CM, Han K, Lee DH. Alteration of

59.US Preventive Services Task Force; Davidson KW, Barry MJ,
Mangione CM, Cabana M, Caughey AB, et al. Screening for col-

metabolic syndrome is associated with the decreased risk of col-
orectal cancer. J Clin Med 2023;12:4889.

orectal cancer: US Preventive Services Task Force recommenda-
tion statement. JAMA 2021;325:1965-77.

55. Sinicrope FA. Increasing incidence of early-onset colorectal can-
cer. N Engl ] Med 2022;386:1547-58.
56. O'Sullivan DE, Hilsden RJ, Ruan Y, Forbes N, Heitman SJ, Bren-

ner DR. The incidence of young-onset colorectal cancer in Can-

60. Sung H, Siegel RL, Rosenberg PS, Jemal A. Emerging cancer
trends among young adults in the USA: analysis of a popula-
tion-based cancer registry. Lancet Public Health 2019;4:e137-47.

61. Toydemir T, Ozgen G, Calikoglu I, Ersoy O, Yerdel MA. A compar-

ada continues to increase. Cancer Epidemiol 2020;69:101828. ative study evaluating the incidence of colorectal neoplasia(s)

57.Saad El Din K, Loree JM, Sayre EC, Gill S, Brown CJ, Dau H, et al. in candidates for bariatric surgery by screening colonoscopy,

Trends in the epidemiology of young-onset colorectal cancer: a
worldwide systematic review. BMC Cancer 2020;20:288.

58. O'Sullivan DE, Sutherland RL, Town S, Chow K, Fan J, Forbes N, et

al. Risk factors for early-onset colorectal cancer: a systematic re-
view and meta-analysis. Clin Gastroenterol Hepatol 2022;20:1229-
40.

40-49 versus 50-65 years old: a preliminary study. Obes Surg
2019;29:2430-5.

62.Breau G, Ellis U. Risk factors associated with young-onset

colorectal adenomas and cancer: a systematic review and
meta-analysis of observational research. Cancer Control
2020;27:1073274820976670.

www.kosinmedj.org 25


https://doi.org/10.1371/journal.pone.0248550
https://doi.org/10.3390/jcm12154889
https://doi.org/10.3390/jcm12154889
https://doi.org/10.3390/jcm12154889
https://doi.org/10.1056/nejmra2200869
https://doi.org/10.1056/nejmra2200869
https://doi.org/10.1016/j.canep.2020.101828
https://doi.org/10.1016/j.canep.2020.101828
https://doi.org/10.1016/j.canep.2020.101828
https://doi.org/10.1186/s12885-020-06766-9
https://doi.org/10.1186/s12885-020-06766-9
https://doi.org/10.1186/s12885-020-06766-9
https://doi.org/10.1016/j.cgh.2021.01.037
https://doi.org/10.1016/j.cgh.2021.01.037
https://doi.org/10.1016/j.cgh.2021.01.037
https://doi.org/10.1016/j.cgh.2021.01.037
https://doi.org/10.1001/jama.2021.6238
https://doi.org/10.1001/jama.2021.6238
https://doi.org/10.1001/jama.2021.6238
https://doi.org/10.1001/jama.2021.6238
https://doi.org/10.1016/s2468-2667(18)30267-6
https://doi.org/10.1016/s2468-2667(18)30267-6
https://doi.org/10.1016/s2468-2667(18)30267-6
https://doi.org/10.1007/s11695-019-03819-2
https://doi.org/10.1007/s11695-019-03819-2
https://doi.org/10.1007/s11695-019-03819-2
https://doi.org/10.1007/s11695-019-03819-2
https://doi.org/10.1007/s11695-019-03819-2
https://doi.org/10.1177/1073274820976670
https://doi.org/10.1177/1073274820976670
https://doi.org/10.1177/1073274820976670
https://doi.org/10.1177/1073274820976670

	Introduction
	Epidemiological evidence substantiating an association between obesity, MetS, and CRC 
	The mechanisms through which obesity and contribution of MetS to CRC development 
	Correlation between obesity, MetS, treatment modalities, and CRC prognosis 
	Strategies to mitigate CRC risk  
	Conclusion
	Article information  
	Conflicts of interest  
	Funding
	Author contributions  
	ORCID

	References

