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Abstract 
Introduction: Metabolic syndrome (MetS) is a commonly associated with cardiovascular disease 
and diabetes. Interest in the relationship between MetS and cancer has been evolving. The aim of 
this systematic review and meta-analysis is to evaluate the association between MetS and the risk 
of colorectal cancer (CRC).  
Method: Case-control and prospective cohort studies with CRC incidence or mortality in 
participants with and without MetS were included in the analysis.  
Results: Fifteen studies, which reported an association between MetS and CRC, were included. This 
comprised 12,019 cases of CRC in a total of 739,731 participants. The results showed that MetS 
confers a significant increase in the risk of CRC incidence (OR 1·52, 95% CI 1·33 - 1·73). When 
studies that did not adjust for confounders were excluded, the effect estimate was similar (OR 1.41, 
95% CI 1·25 - 1·58). MetS is associated with an increased risk (51%) of CRC in both males and 
females.  
Conclusion: It may be beneficial to identify and optimally treat MetS components as part of the 
screening or preventive measures for risk factor modification of CRC. 
Keywords: colorectal cancer, metabolic syndrome, risk factors, meta-analysis, systematic review, 
colon cancer, rectal cancer 

Introduction 

Metabolic syndrome (MetS) is defined as a 
cluster of risk factors for cardiovascular 
disease and type II diabetes which occur 
together and include hyperglycemia, 
hypertension, raised triglyceride levels, low 
high density lipoprotein (HDL) levels and 

central obesity [1,2]. An aspect of the 
pathophysiology of the syndrome lies with the 
inter-relationship between insulin and 
glucose resistance that is mediated though the 
changes in plasma concentrations of free fatty 
acids [3]. It can be described as a trilogy of 
factors that comprise of elements such as 
obesity, clinical consequences such as type 2 
diabetes and hypertension, as well as 
biochemical components in the form of lipids 
and glucose. The imbalance between insulin 
secretion and activity results in 
hyperinsulinaemia and hyperglycemia, which 
subsequently lead to type 2 diabetes [3]. 
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Figure1: Identification of eligible studies 

Research into MetS was previously limited to 
its risk potential in medical conditions. In 
more recent years cancer links with MetS have 
been explored. Multiple studies and 
epidemiological data have suggested the risk 
of cancer in individuals with MetS [4]. Some 
studies have reported an association between 
precursor lesions such colorectal adenomas 
with MetS [5 6]. However, the CLUE II study 
on the risk of colorectal adenomas with MetS 
did not find a statistically significant 
association with the individual components of 
MetS, with the exception of diabetes [7]. It 
may be that the components of MetS become 
more prominent in the risk assessment of 
colorectal cancer (CRC) in the state of 
malignancy.  

Specifically, obesity and MetS have been 
shown to be related to the development of 
CRC [8 9]. Obesity and being overweight was 
thought to account for over 15,000 cases of 
CRC in Europe in 2002 [10]. Obesity is one of 
the greatest public health challenges in 
developed countries, and as a result MetS is 
increasing at epidemic proportions too [11]. 
The risk of gastrointestinal cancers and 
colorectal adenomas with excess body weight 

is approximately twice 
that of individuals with 
normal body weight [12]. 
A previous meta-analysis 
shown that an increase in 
BMI (>27kg/m2) 
compared with normal 
BMI is associated with a 
relative risk (RR) of CRC 
of 1·19 with a 95% 
confidence interval (CI) of 
1·11 - 1·29 [9]. MetS has 
been associated with an 
increased risk of CRC [13, 
14], however the extent 
of this risk has varied. A 
systematic review 52 
which combined studies 
of CRC and polyps or 
adenomas reported a 
pooled 34% increased 

risk of these outcomes among individuals with 
MetS. The aim of the study was to evaluate the 
association between MetS and CRC only, 
excluding precursor lesions through a 
systematic review and meta-analysis.  

Methods 

We conducted a systematic review and meta-
analysis following the ‘preferred reporting 
items for systematic reviews and meta-
analyses’ (PRISMA) guidelines [15]. Medline, 
PubMed, Cochrane and Embase were searched 
for all published articles that mentioned MetS 
and CRC. Articles published between 1965 
and 2015 were reviewed to identify studies 
that reported the association of MetS, or in the 
case of older studies syndromes that were 
indicative of the present day definition of 
MetS. The majority of the studies were from 
the last decade because MetS was only 
described after Reaven’s paper in 1983 and 
officially defined in 1998 [16]. The search 
terms used were ‘metabolic syndrome’, 
‘insulin resistance syndrome’ or ‘syndrome X’; 
and ‘colorectal carcinoma/ cancer/ tumour/ 
neoplasm’, ‘colon cancer/ tumour/ neoplasm’ 
or ‘rectal cancer/tumour/ neoplasm’. The last 
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Figure 2: Forest Plot of CRC and MetS in both males and females. The OR reported for the study by Sturmer et al., [26] is 
based on calculated crude relative risk. 

date of the search was performed on the 15th 
of January 2015. 

In total, 445 potentially relevant articles were 
identified from the literature (Figure 1). These 
abstracts were screened, and from these, 374 
abstracts were excluded (by MA-W and AS) 
and the full text of 79 papers was examined. 
Reference lists of articles were subsequently 
searched manually to further identify possible 
relevant articles. The inclusion criteria were 
case-control or prospective cohort studies 
that reported the incidence and/or mortality 
of CRC in individuals with and without MetS. 
Articles were excluded if they were editorials 
or commentaries (n = 11), reviews (n = 15), 
adenoma studies (n = 23) or animal 
experiments (n = 15). Where duplicate studies 
were identified the most recent was selected. 
Fifteen studies, which reported associations 
between MetS and cancer in general and 
mentioned the associations involved with 
CRC, were excluded from the review.  

In total, 15 studies were identified that 
matched the selection criteria for inclusion in 
this meta-analysis. Data was collected on the 
type of study, sample size, gender, definition 
of MetS and MetS components used. Studies 
were included if the incidence or mortality of 
CRC were associated with MetS, which 
reported a hazard ratio (HR), odds ratio (OR) 
or relative risk (RR), or if a crude OR could be 
calculated from data presented in the text. 

Where possible, we used the effect sizes 
adjusted for potential confounding factors and 
present separate analyses for these. Where 
studies reported on the components of MetS, 
the definitions based on three or more 
components of MetS being present were used. 
A number of definitions exist for MetS and 
were used in the various studies (Table 1). 
The meta-analysis, heterogeneity tests, and 
assessment of publication bias were 
performed using the software package, 
Review Manager (RevMan) version 5·1.[17, 
18] We did not formally assess study quality 
in our analyses, due to the limited number of 
study designs included (case-control and 
prospective cohort only), the general 
limitations of which are well-established. We 
identified that the key features of study 
quality (such as providing the definition of 
cases and controls, the definition of MetS, and 
details of adjustment for confounding factors), 
were present in most studies. 

Results 

The characteristics of the 15 studies included 
in the meta-analysis are shown in Table 2. 
There were 739,731 participants in total, 
which included 395,867 males and 337,961 
females (total does not equal the sum of men 
and women because some studies did not 
stratify by gender). There were 12,019 cases 
of CRC. Two studies by Colangelo [28] and 
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Table 1 Definitions of Metabolic Syndrome 
Group Definition criteria of Metabolic Syndrome 

(a) National Cholesterol Education 
Program / Third Adults Treatment 
Panel (NCEP-ATP III).19,20 

The presence of 3 or more of 5 components:  
 Waist circumference: Male ≥ 40 inches (101-102cm), female ≥ 35 inches (88cm) 
 Serum glycerides ≥ 150mg/dl (1·7mmol/l) or taking medication for elevated 

triglyceride levels  
 High density lipoprotein (HDL) < 40mg/dl (1·03mmol/l)(male), < 50mg/dl 

(1·29mmol/l) (female) or taking medication for low HDL levels  
 High Blood pressure (BP) ≥ 130/85mmHg or taking medication for elevated blood 

pressure levels  
 Fasting glucose ≥ 100-110mg (5·6mmol/l) or taking medication for elevated blood 

glucose level 
(b) World Health Organisation 
(WHO) definition of Metabolic 
Syndrome factors.16,21 
 

 Hypertension ≥ 140mmHg (systolic), ≥ 90mmHg (diastolic) or use of anti-
hypertensives 14 days prior to blood sampling 

 Impaired fasting glucose/tolerance: fasting glucose ≥ 6·1mmol/l, post-load 
glucose ≥ 8·9mmol/l 

 Raised TAGs ≥1·7mmol (150mg/dl) 
And/or 

 Obesity: Waist: hip > 0·90 (male), > 0·85 (female) and/or BMI > 30kg/m2  
 HDL: Males <0·9mmol/l (35mg/dl), females <1.0mmol/l (39mg/dl) 
 Microalbuminuria: Urinary albumin excretion rate > 20μg/min or albumin: 

creatinine ratio ≥30mg/g 
(c) International Diabetes 
Federation (IDF).22 23 

 Waist circumference ≥ 94cm (European males), ≥ 80cm (European females) 
+ any of the following: 

 Raised triglycerides ≥ 1·7mmol/l or treatment for lipid abnormality 
 Reduced HDL < 1·03mmol/l (males)/< 1·29mmol/l (females) 
 Raised BP: systolic ≥ 130mmHg or diastolic ≥ 85mmHg or treatment of 

hypertension 
 Fasting plasma glucose ≥ 5·6mmol/l or previously diagnosed type II diabetes 

(d) Japanese Ministry of Health, 
Labour and Welfare - Modified 
IDF.24 

 Increased waist circumference (men ≥85 cm, women ≥85cm or ≥80cm) and at 
least two out of: 

 Elevated BP (systolic BP ≥130mmHg and/or diastolic ≥85mmHg),  
 Elevated fasting glucose level (≥110mg/dl), 
 Dyslipidaemia (HDL<40mg/dl and/or TG≥150mg/dl).  

(e) Diabetic Society of the Chinese 
Medical Association.25  

The presence of ≥3 of the following: 
 Central obesity: BMI ≥25kg/m2 
 Hypertension: anti-hypertensive drug treatment and/or systolic BP ≥140mmHg or 

diastolic BP ≥90mmHg 
 Abnormal lipids: high TG (≥1·7mmol/l) and/or low HDL (male: <0·9mmol/l, 

female: <1·0mmol/l) 
 Fasting plasma glucose: ≥6·1mmol/l or 2 hour post-prandial glucose ≥7·8mmol/l 

(f) Modified NCEP-ATPIII.26  BMI ≥27kg/m2 
 Total cholesterol ≥240mg/dl or the use of lipid lowering drugs 
 BP ≥130/85mmHg or use of anti-hypertensives 
 Diagnosis of diabetes 

(g) Insulin Resistance Syndrome.27 Abnormal levels of serum total triglycerides, HDL cholesterol, blood glucose and BP. 
(h) Harmonized definition.1 {Joint 
interim statement of the IDF Task 
Force on Epidemiology & 
Prevention; National Heart Lung & 
Blood Institute, American Heart 
Association, World Heart 
Federation, International 
Atherosclerosis Society and the 
International Association for the 
Study of Obesity 

Any 3 of the following: 
 Abdominal obesity: Males ≥ 94cm, females ≥ 80cm (for a European population) 
 Elevated TAGs: ≥ 150 mg/dl (1·7mmol/l) or treatment for lipid metabolism 
 Reduced HDL:  Males: <40mg/dl (1·03 mmol/l), female: < 50mg/dl (1·29 mmol/l) 

or drug treatment 
 Fasting glucose levels ≥ 100mg/dl (≥ 5·6 mmol/l) or drug treatment 

BP – blood pressure, HDL – high-density lipoproteins, LDL – low-density lipoproteins, TG - triglycerides 

 

Trevisan et al[27] analysed the effects of MetS 
on CRC mortality.  

Significant associations between MetS and 
CRC were observed, with an increased risk of 
CRC among those with MetS, although not all 
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Table 2 Characteristics of Metabolic syndrome studies and Colorectal Cancer 
Study  Country Study 

year(s) 
Study design Outcome Metabolic 

syndrome 
definition used 

Ahmed 200614 USA 1987-
2000 

Prospective, Population 
based cohort, 
Multicenter 

CRC 
incidence 

a 

Aleksandrova 
201129 

Europe: UK, France, 
Denmark, Spain, 
Italy, Greece, 
Germany, the 
Netherlands 

1992-
2000 

Case control (nested 
within European 
Prospective 
Investigation in Cancer 
and Nutrition (EPIC) 
cohort) 

CRC 
incidence 

 a, c, h 

Ashbeck 
200930 

USA 1990-
2000 

Prospective cohort 
(within randomized 
trial) 

CRC 
incidence 

a 

Bowers 
200631 

Finland 1985-
2002 

Prospective cohort 
(within randomized 
trial) 

CRC 
incidence 

a 

Chiu 200713 Taiwan 2004 Prospective CRC 
incidence 

a* 

Colangelo 
200228 

USA 1967-
1997 

Prospective cohort CRC 
mortality 

g  

Kabat 201132 USA 1993-
2010 

Prospective, Multicenter CRC 
incidence 

a 

Kaneko 
201033 

Japan 2007-8 Prospective CRC 
incidence 

d 

Kontou 
201234 

Greece 2009-10 Case-control CRC 
incidence 

a 

Pelucchi 
201035 

Italy & Switzerland 1992-
2001 

Case-control CRC 
incidence 

c 

Shen 200936 China 2002-
2007 

Case-control CRC 
incidence 

e 

Stocks 200837 Sweden 1985-
1996 

Case-control (from 
within cohort) 

CRC 
incidence 

b 

Stocks 201138 Europe: Norway, 
Sweden, Austria 

1972-
2006 

Prospective cohort CRC 
incidence 

b 

Sturmer 
200626 

USA 1982-
2003 

Prospective cohort 
(within randomized 
trial) 

CRC 
incidence 

a (and f in the 
absence of data 
needed to fulfill 
NCEP-ATP III 
definition). 

Trevisan 
200127 

Italy 1978-
1987 

Prospective cohort CRC 
mortality 

g 

 

these individual associations were significant. 
Based on the 15 studies, the overall OR for 
CRC incidence in MetS in both genders was 
1·52 (95% CI 1·33 - 1·73, p < 0·00001) (Figure 
2). There was a slightly elevated risk among 
women with the pooled ORs for males and 
females being 1·35 (95% CI 1·19 - 1·53) and 

1·47 (95% CI 1·17 - 1.85) respectively. Twelve 
studies were adjusted for confounding factors, 
details of which are shown in Table 3.  

The pooled adjusted OR for these studies 
alone was in line with that based on all studies 
(OR 1·41 (95% CI 1·25 - 1·58) (Figure 3). 
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Figure 3 Forest plot of the studies that adjusted for confounding factors in both genders 

Again, the OR was slightly elevated in women 
at 1.46 (95% CI 1.15-1.84), with the OR for 
males at 1.34 (95% CI 1.19-1.52). The OR for 
CRC mortality in patients with MetS was 1·90 
(95% CI 1·00 - 3·60) from the two available 
studies. 

Heterogeneity 

The direction of the association between CRC 
and MetS was consistent but there was 
variation in the magnitude of the effect sizes. 
This resulted in significant heterogeneity (p < 
0·00001, I2 = 74%) in the main result (Figure 
2). There was more heterogeneity among the 
studies of females (p = 0·002, I2 = 66%) than 
the male studies (p = 0·05, I2 = 46%).  

Similar values for heterogeneity were found 
when this was restricted to studies that 
reported adjusted ORs: male and female 
studies (p = 0·002; I2 = 65%), male only 
studies (p = 0.06, I2 = 45%), and female 
studies (p = 0·002, I2 = 70%). This 
heterogeneity can be attributed to the 
different study designs, MetS definitions and 
CRC definitions included in the meta-analysis. 

 However, due to the small number of studies, 
subgroup analysis by these particular features 
would not be reliable and was therefore not 
conducted. 

Sensitivity Analysis 

There were no obvious outliers identified in 
terms of effect sizes. The funnel plot (Figure 
4) is not symmetrical suggesting there may be 
some publication bias in studies of MetS and 
CRC, with smaller studies reporting only a 
small or no association less likely to be 
published. Smaller studies with the largest 
standard errors (Stocks 2008, [37] Kaneko 
2010 [33] and Trevisan 2001[27]) had ORs in 
line with other larger studies. When these 
studies are excluded from the analysis, the OR 
for CRC in both genders was similar at 1·44 
(95% CI 1·25 - 1·65). 

Discussion 

This systematic review and meta-analysis 
focuses on confirmed cases of CRC and the 
significant with increased risk of CRC (OR 
1·51, 95% CI 1·32 - 1·73) with MetS. There 
was a suggestion that the CRC risk is greater 
among females with MetS (OR 1·47, 95% CI 
1·17 - 1·85) than males (OR 1.35, 95% CI 1·19 
- 1·53); but this difference is not great and the 
confidence intervals overlap. Some of the 
individual studies however have indicated 
that the association between MetS and CRC 
risk is greater in males.[14, 27, 40, 35, 41, 42] 
Only the study by Kabat et al [32], in this 
meta-analysis concentrated on post-
menopausal women, as other studies reported 
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Table 3 Adjustments of variables in eleven studies of 
metabolic syndrome and colorectal cancer 

Study Adjusted OR 
(95% CI) of 
CRC in MetS  

Adjusted Variables 

Ahmed 200614 1·26 (0·9-1·7) A, AI, AU, FH, G, NU, PA, 
SH 

Aleksandrova* 
201129 

1·70 (1·40-2·06) AI, Ed, FI, PA, SH 

Ashbeck 
200930 

1·09 (0·93-1·29) SH, AU, FH, FI, Al, PH, 
PA 

Bowers 
200631 

1·40 (1·12-1·74) A, SH, TC 

Chiu 200713 1·35 (1·05-1·73) A, AI, BMI, FH, G, PH, 
SH 

Colangelo 
200228 

1·50 (1·03-2·19) A, Ed, Eth, G, H 

Kabat 201132 2·15 (1·30-3·53) A, AI, Eth, FH, PA 

Kontou 201234 1.41 (1.25-1.58) A, BMI, FH, G, PA, SH 

Pelucchi 
201035 

1·58 (1·14-2·19) A, AI, Ed, EI, G, PA, SC, 
SH 

Stocks 201138 1·20 (1·16-1·26) A, BY, SH 

Sturmer 
200626 

1·40 (0·9-2·1) A, PA, SH, Al, MV, NU, 
FI, AH 

Trevisan 
200127 

2·99 (1·27-7·02) A, AI, G, SH 

* Pooled values 
A (age), AI (alcohol intake), AU (aspirin use), BMI (Body 
Mass Index), BY (birth year in cohort study), Ed 
(education), Eth (ethnicity), EI (non-alcohol energy 
intake), FH (family history of CRC), FI (fibre intake), G 
(gender), H (height), NU (NSAID use), NSAID- non-
steroidal anti-inflammatory drugs, PA (physical activity), 
PH (personal history), SC (study centre in multicentre 
study), SH (smoking history), TC (total cholesterol), MV 
(multivitamin use), AH (history of arthritis). 

 

 
Figure 4 Funnel plot of the studies. The lack of 
symmetry among the smaller studies with larger 
SEs indicates publication bias. SE – standard error, 
OR – odds ratio. 

on either mixed genders or predominantly a 
male population.  

The Metabolic syndrome and Cancer project 
(Me-Can) [43] was set up over a number of 
European countries to investigate the 
relationship between MetS and cancer risk. 
This study involved over 4000 participants, 
and found a smaller RR of 1·25 (95% CI 1·18 - 
1·32) in males and 1·14 (95% CI 1·06 - 1·22) 
in females for CRC [38]. Different reasons 
have been reported for the discrepancy in 
incidence between males and females with 
CRC and MetS. The Me-Can study revealed 
significant associations for high BMI, blood 
pressure and triglycerides for males. However 
for females BMI was observed as a significant 
factor [38]. The Kabat and co-workers [32] 
women’s study on the other hand showed that 

the associations between CRC and MetS were 
mostly due to hyperglycemia and 
hypertension. Recently, associations of MetS 
with aggressive CRC phenotypes in males has 
been observed by Healy and colleagues [44]. 
Hypertension and high cholesterol have been 
observed to be more associated with male 
colon cancer than rectal cancer [35].  

Tal and colleagues reported MetS being a risk 
factor for advanced polyps, which they 
defined as a villous ≥ 1cm or with high-grade 
dysplasia [45]. Apart from MetS, multiple 
metabolic pathways may be involved in the 
pathogenesis of CRC. Insulin resistance in 
particular has been thought to be one of the 
main drivers of cancer risk in MetS, as well as 
the main underlying cause of MetS [46]. This 
is due to the increase in insulin secretion and 
the subsequent hyperinsulinaemia activating 
the insulin receptor, insulin-like growth 
factor-1 (IGF-1) [13]. Some studies have 
shown that being overweight with diabetes to 
be associated with increased risk of CRC [26, 
47]. Aleksandrova et al., [29] and Stocks et al., 
[37] found that hyperglycemia was associated 
with an increase in CRC and accounted for the 
association between CRC and MetS. The 
rationale for studying diabetes as a risk factor 
for CRC has been following in vitro studies 
that insulin can stimulate tumor growth [48]. 
A meta-analysis of diabetes CRC found a RR of 
1·30 (95% CI 1·20 - 1·40) for CRC incidence 
and a RR of 1·26 (95% CI 1·05 - 1·50) for CRC 
mortality [49]. 
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The mechanism by which MetS increases the 
risk of CRC as well as other cancers is yet to be 
elucidated, as it is a multi-faceted disorder. 
The gut microflora which has been referred to 
as a “microbial organ” by Cani et al., [50] may 
also play a role in the pathophysiology of MetS 
and CRC. The changes in gut microbes have 
been associated with obesity in animal models 
[51]. Decreases in Bacteroides species have 
been observed in obese individuals compared 
with individuals with normal BMI [52]. 
Furthermore, the inter-relationship between 
the rise in free fatty acids and insulin 
resistance through the activity of adipokines 
such as interleulin-6 (IL-6) and tumor 
necrosis factor- alpha (TNF-α) are thought to 
be mediators in cancer biology.  Hence, the 
hyperinsulinaemic state leads to increases in 
IGF-1 which subsequently lead to the pro-
tumorigenic state [2, 53, 54, 55, 56]. The 
extent of the role of obesity in MetS and CRC is 
still controversial. Obesity in the forms of a 
high BMI or large waist circumference seem to 
be reported as major contributors to CRC as 
reported by a number of studies [9]. Stürmer 
and co-workers [26] reported that a BMI of ≥ 
27 kg/m2 and diabetes were independently 
associated with an increased risk of CRC (HR 
1·4 (95% CI 1·1 - 1·7) and 1·5 (95% CI 1·1 - 
2·0) respectively). Kaneko et al33 and Healy et 
al., [44] also reported that a larger waist 
circumference of >80cm in females increased 
the OR for both colonic adenomas and 
carcinoma. Other authors have found no 
association between BMI and CRC risk [47, 
57]. Interestingly, the Mediterranean diet has 
been shown to have a protective effect against 
high-risk CRC patients with MetS [34]. 

Chiu et al., [13] observed a stronger effect of 
MetS on proximal rather than distal tumors. 
This may have implications in future 
screening programs, which may need to 
incorporate MetS screening in the 
investigations for microcytic anemia thought 
to be due to colonic pathology. A recent 
clinical study reported having MetS to have a 
higher rate of post-operative complications 
after CRC surgery [58]. Additionally, the rate 

of liver metastasis and recurrence of CRC in 
patients that have MetS was thought to be 
higher (HR of 4·77 (95% CI 1·58 - 14·35)) 
[36]. Nevertheless, Yang et al., [59] concluded 
from a retrospective patient cohort that MetS 
has no effect on colon cancer recurrence or 
survival.  

Historically, the main reason for identifying 
MetS was to identify individuals at risk of 
developing cardiovascular disease or diabetes. 
This review shows detecting patients with 
MetS could also identify those at risk of CRC. 
Early diagnosis of CRC is fundamental to long 
term survival; therefore the identification of 
MetS could potentially reduce morbidity and 
mortality. In particular, managing the 
components of MetS optimally could aid in the 
decreasing the metabolic effects associated 
with cancer. Chemo-preventive approaches 
using NSAIDs in CRC may be related to the 
association of CRC and MetS as conditions 
such as hypertension and the use of aspirin as 
a prophylactic measure for cardiovascular 
events.  Studies have also reported the benefit 
of aspirin in CRC patients [60]. As obesity is 
increasingly becoming a global epidemic, 
weight loss programs should also become part 
of the cancer prevention strategy as a 
component of MetS management. Since, 
weight loss has been associated with a 
decrease in incidence of CRC in large cohort 
studies [61, 62]. 

One limitation of our meta-analysis is the 
multiple definitions of MetS used in various 
studies. This makes comparisons of study 
populations challenging, as different 
definitions place an importance on certain 
components of MetS aside from variations in 
cut-offs for parameters used. A universal 
definition of MetS that can be used by all 
clinicians in practice is still in progress. 
Nonetheless, attempts have been made to 
unify the multiple definitions of MetS with a 
Harmonized definition [1] involving multiple 
learned societies, although this definition is 
yet to be fully embraced. 
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Other confounding factors are the different 
study populations, which may have an 
influence on biology as well as unmeasured 
environmental factors even though their 
outcomes may be the same for CRC. The 
biochemical measurements may not be 
necessarily comparable, as different methods 
may have been used in different countries. 
There are also random measurement errors 
from the different studies when taking 
measurements of blood pressure and waist 
circumference. However, three studies by 
Kabat [32], Stocks[38] and Strumer et al., [26] 
used repeated measurements in order to 
minimize errors. There are also presently no 
universally acceptable cut offs for waist-hip 
ratio measurements and this may be difficult 
to develop on a universal global level due to 
different levels at which different populations 
experience adverse effects. Only two studies 
reported on CRC mortality so this effect 
estimate needs to be treated with caution. 
Additionally, the CRC stage was not taken into 
consideration for the analysis, as most studies 
did not report on this in relation to MetS. 
What lies beyond this meta-analysis is the 
aetiology of MetS in the first place before it 
begins to place a role in the manifestation of 
other diseases such as cancer. 

Conclusions 

This systematic review and meta-analysis 
suggests shows that there is a significant 
association between having MetS and the risk 
of CRC. Therefore, preventing and controlling 
the components of MetS could be important, 
changes in lifestyle and dietary habits.  The 
exact mechanism how MetS relates to CRC 
pathophysiology is yet to be clarified and we 
suspect that MetS is more likely to precede the 
diagnosis of CRC, rather than the malignancy 
itself having a direct effect on lipid levels. 
Understanding the pathophysiology of MetS 
would enable the development of therapeutic 
and preventative strategies in relation to the 
CRC, which could be made at a personalized 
level by identifying individuals at greatest 
risk. 
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