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Abstract
AIM: To evaluate the association of metabolic syndrome (MS) and colorectal cancer and adenomas in a Western country, where the incidence of MS is over 27%.

METHODS: Prospective study between March 2013 and March 2014. MS was diagnosed according to National Cholesterol Education Program-ATP III. Demographic characteristics, anthropometric measurements, metabolic risk factors and colonoscopic pathologic findings were assessed in patients with MS (group 1) who underwent routine colonoscopy at our department. This data was compared with consecutive patients without metabolic syndrome (group 2), with no differences regarding sex and age. Patients with incomplete colonoscopy, family history or past history of colorectal neoplasm were excluded. Informed consent was obtained and the ethics committee approved this study. Statistical analysis with T-student and chi-squared tests; p-value ≤ 0.05 was considered statistically significant.

RESULTS: 258 patients, 129 with MS; 51% males; mean-age 67.1 years (50-87). Among the MS group, 94% had high blood pressure, 91% had increased waist circumference, 60% had diabetes, 55% had low high-density lipoprotein cholesterol level, 50% had increased triglyceride level and 54% had obesity [body mass index (BMI) 30kg/m2]. 51% presented 4 criteria of MS. MS was associated with increased prevalence of adenomas (43% vs 25%, P = 0.004) and colorectal cancer (13% vs 5%, P = 0.027), compared with patients without MS. MS was also positively associated with multiple (≥ 3) adenomas (35% vs 9%, P = 0.024) and sessile adenomas (69% vs 53%, P = 0.05). No difference existed between location (P = 0.086), grade of dysplasia (P = 0.196) or size (P = 0.841) of adenomas. Also, no difference was found with BMI (P = 0.078), smoking (P = 0.146), alcohol consumption (P = 0.231) and the presence of adenomas.

CONCLUSION: MS is positively associated with adenomas and colorectal cancer. However, there is not enough information in Western European countries to justify screening in patients with MS. To our knowledge, no previous study evaluated this association in Portuguese patients.
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Core tip: In light of recent findings on the association between insulin resistance and development of colorectal malignancies, it is worthwhile to investigate whether metabolic syndrome (MS) is correlated to an increased number of colorectal neoplasms. However, few studies have been done regarding the relationship between MS and colorectal adenomatous polyps and cancer in European countries. With this study we aimed to investigate the association between MS and colorectal neoplasms as well as obesity, smoking and alcohol consumption in a Portuguese population. In our patients, MS was positively associated with colorectal cancer and adenomas. 
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INTRODUCTION
Colorectal cancer (CRC) is the most commonly diagnosed cancer in Europe, accounting for 13% of all new cases and is the second most common cause of cancer death[1]. In the United States, it is the third most common cancer, accounting for 9% of all cancer incidence and death[2].
In spite of the dramatic advances in understanding the genetic changes related to progression from adenomatous polyp to cancer, compelling evidence support a strong role of environmental factors in carcinogenesis. Epidemiological results from countries with high incidence of CRC have shown that lifestyle factors are associated with increased risk of colorectal cancer, including obesity, alcohol, physical inactivity and a westernized diet[3-5].
Metabolic syndrome (MS) is defined by a cluster of risk factors, which include abdominal obesity, hyperglycemia, raised blood pressure, elevated triglyceride levels and low high-density lipoprotein (HDL)-cholesterol levels[6]. It has become a major public health problem in several countries due to increasing obesity and sedentary lifestyle. In Portugal, its prevalence is estimated at 27.5%[7]. There has been a growing recognition of the importance of this syndrome not only as an increased risk for cardiovascular disease but also for chronic diseases, including gastric cancer, colorectal cancer and colorectal adenomas[8]. Several investigators have showed that MS is associated with colorectal adenomas in Chinese, Japanese, Korean and Taiwan populations[8-15]. Waist circumference and waist-to-hip ratio, indicators of abdominal obesity, were also strongly associated with colorectal cancer risk in a prospective European study[16]. A meta-analysis has also confirmed the association between obesity and colorectal cancer risk[17].
In light of the growing magnitude of MS in public health and recent findings on the association between insulin resistance and development of colorectal malignancies, it is worthwhile to investigate whether MS and its major components are correlated to an increased number of colorectal neoplasms. However, few studies have been done regarding the relationship between MS and colorectal adenomatous polyps and cancer in European countries[16,18]. Since the bulk of data concerning MS and colorectal neoplasms comes from Asia and Pacific countries, related to their increasing colorectal cancer prevalence, these conclusions may not be applied to other populations such as South Western European countries. In Portugal, despite of its Mediterranean nature, together with its Atlantic location, the incidence of CRC has been increasing, as a result of obesity and westernization of lifestyle. In our country, CRC is the second most common cause of cancer death, being responsible for 9 to 10 deaths daily, with a global survival rate of 50% at 5 years[19]. 
With this study we aimed to investigate the association between MS and colorectal neoplasms as well as obesity, smoking and alcohol consumption in a Portuguese population.

[bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK26]MATERIALS AND METHODS
We performed a prospective study on a series of patients who underwent colonoscopy at the Gastroenterology Department of Hospital de São Bernardo, at Centro Hospitalar de Setúbal, Portugal, between March 2013 and March 2014. This study was approved by the institutional Ethics Committee and National Protection Data Committee. Informed consent was obtained in all patients. 
Demographic characteristics, anthropometric measurements, laboratory values, metabolic risk factors and colonoscopy pathologic findings were assessed in patients with MS (group1). This data was compared with consecutive patients without metabolic syndrome (group2), with no statistically significant differences regarding sex and age.
The data was collected from a standardized questionnaire performed at medical consultation and included: sex; age; heigh (m); weight (kg); body mass index (BMI-kg/m2); waist circumference (cm), measured 1 cm above the umbilicus at minimal respiration; medical history of hypertension, diabetes and hyperlipidemia; smoking and alcohol (> 40 g/d) consumption habits; history of adenomas or CRC; family history of adenomas or CRC; fasting glucose, triglyceride and HDL cholesterol levels determined in laboratory analysis previous to the exam; blood pressure levels (at least 2 determinations in left arm, sitting position). Obesity was defined as having BMI ≥ 30 kg/m2.
MS was diagnosed according to National Cholesterol Education Program-ATP III[6], defined if three or more of the following criteria were satisfied: (1) waist circumference > 90 cm in men and > 80 cm in women; (2) hypertriglyceridemia ≥ 150 mg/dL; (3) low HDL cholesterol, < 40 mg/dL in men and < 50 mg/dL in women; (4) high blood pressure ≥ 130 mmHg systolic or ≥ 85 mmHg diastolic; and (5) high serum fasting glucose ≥ 110 mg/dL.
We performed colonoscopy that reached at least the cecum and described the presence of CRC and the colonoscopic features of polyps, including the location, size, number, morphology of adenomas, as well as its pathological features.  The location of the colorectal neoplasms was divided into the proximal colon (including the cecum, ascending colon and proximal transverse colon) and the distal colon (including distal transverse colon, descending colon, sigmoid colon and rectum). The size of adenomas was classified into < 5, 5-9 and ≥ 10 mm (the largest size was used for multiple adenomas). The number of adenomas was classified into 1,2 and ≥ 3 adenomas. The morphology was classified into sessile or pedunculated. Pathological features of adenomas were classified as low-grade or high-grade dysplasia.
Exclusion criteria were: (1) history of colon disease, such as inflammatory bowel disease, adenomas or CRC; (2) family history of adenomas or CRC; (3) a colonoscopy within the previous 5 years; (4) incomplete colonoscopy; and (5) poor bowel preparation.
Statistical analysis was performed with 2 test for comparison of discrete variables and t-student test for comparison of continuous variables. A P-value of ≤ 0.05 was considered statistically significant.

RESULTS
A total of 258 patients were included. Fifthy-one per cent were men, with a mean age of 66 years (50-87). One hundred and twenty nine patients were included in each group (group 1 – with MS; group 2 – without MS), with no difference in sex and mean age. 
Figure 1 shows the percentage of each component of MS in group 1. Ninety-four per cent of patients had elevated blood pressure and 91% increased waist circumference.


In group 1, obesity (defined as BMI ≥ 30 kg/m2) was present in 54% of patients; Smoking habits were present in 31% and alcohol consumption of > 40 g/d was present in 29% of patients. The majority of patients (51%) had 4 criteria of MS, 29% had 5 and 20% had 3 criteria of MS.
Patients with MS (group 1) had more adenomas (43%) than patients without MS (group 2 - 25%), being this difference statistically significative (P = 0.004). Moreover, group 1 patients had a superior prevalence of CRC than group 2 patients (13% vs 5%, P = 0.027) (Figure 2).
The analyses conducted according to location, size, number, appearance and grade of dysplasia are shown in Table 1. A positive association with metabolic syndrome was observed for multiple adenomas (≥ 3), 35% vs 9% (P = 0.024) and sessile adenomas, 69% vs 53% (P = 0.05). Moreover, an association with MS was observed for large adenomas (≥ 10 mm), proximally located and synchronous adenomas (both proximal and distal colon), but this facts did not reach statistically significance. 
In addition, CRC was more prevalent in the distal colon (12% in group 1 vs 6 % in group 2), P = 0.026.
Table 2 shows the association found between MS and other cumulative risk factors for colorectal neoplasms: alcohol consumption, smoking and obesity. In fact, patients with history of alcohol consumption had more colorectal adenomas (33% vs 30%, P = 0.231) and adenocarcinoma (32% vs 24%, P = 0.102), than people without it. However, this was not statistically significative. In addition, smokers had more adenomas (33% vs 26%, P = 0.146) and adenocarcinoma (30% vs 24%, P = 0.087) than non-smokers; this relation was also not significative. Also, this relationship was found when we compared obese patients (BMI ≥ 30 kg/m2) with non-obese patients (BMI < 30 kg/m2): 30% vs 24% for adenomas (P = 0.078); 26% vs 20% for adenocarcinoma (P = 0.065).

DISCUSSION
MS is becoming increasingly common worldwide because of the epidemic of obesity and sedentary lifestyles.
The biological plausibility of the association between MS and CRC may be mediated by dysregulation of growth signals (including insulin, Insulin Growth Factor I – IGF I, downstreaming signaling pathways and adipokines), cytokines and vascular integrity factors, contributing to cancer-related processes[20]. Several authors described the role of hyperinsulinemia, IGF-I and hyperleptinemia in the association between adiposity and CRC[20-23] (Figure 3). A common pathway has also been suggested, in which these factors increase PI3K/Akt activity, which, in turn, regulates downstream targets, leading to reduced apoptosis, increased cell proliferation and survival and promoted cell cycle[24]. In addition, a recent paper reports that, among adipocyte-secreted hormones, the most relevant to colorectal tumorigenesis are adiponectin, leptin, resistin and grelin. All these molecules have been involved in cell growth, proliferation and tumor angiogenesis and their expression changes from normal colonic mucosa to adenoma and adenocarcinoma[25]. 
In our study, although a trend was observed, we have found no significative association between CRC, MS and BMI ≥ 30 kg/m2. The association between waist circumference and CRC risk has been generally more consistent than for BMI15-18. In fact, abdominal obesity has a higher risk for colon cancer than BMI because the former reflects visceral fat deposition, which is associated with insulin resistance and higher circulating levels of IGF I, as described above[26]. Women tend to accumulate less visceral abdominal fat than men, which may explain the gender differences in the association between obesity and risk of CRC[15,21]. There are several studies that have provided evidence that obesity was associated with CRC. These studies showed a significant positive association between obesity and CRC; the effect was relatively modest, with an increased risk of about 1.5 to 3 times[26,27]. A meta-analysis of 6 studies found a 3% increase (95%CI: 2%-4%) in the risk of CRC per one unit increase in BMI. A meta-analysis of 31 studies with 70000 cases reported a dose-response relationship between BMI and CRC: a 5-unit increase in BMI was related to an increased risk of colon cancer in both men (RR = 1.30) and women (RR = 1.12). In addition, obesity has been more associated with CRC in men than in women[17]. In a 14-year multicentric cohort study, the authors reported a positive association between MS and CRC, in men but not in women[28]. A recent meta-analysis showed a 19% increased colorectal cancer risk in people with higher BMI or waist; however, overweight and obese patients were pooled together[18]. 
It is well documented that diabetes contributes to incidence and mortality of CRC. In a Korean prospective study, the authors reported that higher fasting blood sugar levels (≥ 140 mg/d) increased the risk of all types of cancer by up to 1.29 times[29,30]. A meta-analysis with 29 studies indicated an increased risk of CRC in type 2 diabetes (OR = 1.29 for men and 1.34 for women)[31]. Furthermore, several large-scale prospective studies have provided evidence that diabetes was associated with CRC[17,18]. In addition, a recent study investigated the association between markers of glucose metabolism and MS and the presence of colorectal adenomas in South Korea. The authors concluded that increasing levels of glucose, insulin resistance, hemogloboin A1c and C-peptide are significantly associated with the prevalence of adenomas[32].
Contrary to obesity and diabetes, the role of hypertension, hypertriglyceridemia and low-HDL cholesterol in CRC is poorly investigated. The results for studies that have examined hypertension and hypertriglyceridemia in relation to risk of CRC have been inconsistent[18], although some recent large prospective studies reported a significant association with high triglyceride levels[33,34]. According to a more recent meta-analysis, neither high triglyceride nor low HDL-cholesterol levels were associated with colorectal cancer risk[18]. A retrospective cohort study revealed that hypertension is an important predictor of recurrent colorectal adenoma after screening colonoscopy with adenoma polypectomy[35].
In our study, we focused on the association not only in MS and CRC, but also in colorectal adenomas, which is a premalignant lesion that develops into CRC via the adenoma-carcinoma sequence. In our population, MS was associated with colorectal adenomas (P = 0.004) and CRC (P = 0.027), which is in agreement with previous studies. Moreover, we found that this association is significative for multiple (≥ 3) lesions (P = 0.024).
There are few studies that have examined the relation between MS and colorectal adenomas. Wang et al[9] showed that MS was associated with rectosigmoid adenomas; moreover, when the individual components of MS were examined separately, BMI and hypertriglyceridemia were associated with the age- and sex-adjusted OR of rectosigmoid adenomas (OR = 1.32; 95%CI: 1.05-1.66 and OR = 1.33; 95%CI: 1.09-1.63, respectively). That study had several limitations: only adenomas at the rectosigmoid (and not at the entire colon) were examined; only BMI (not the waist circumference) was measured and there was no data on smoking and alcohol consumption. Another study showed that MS was associated with a moderately increased risk of colorectal adenoma with an OR of 1.48 (95%CI: 1.13-1.93)[11]. An increased risk was more evident for the proximal colon than for distal colon adenomas, and this was almost exclusively observed for large polyps (≥ 5 mm). This study had also several limitations: firstly, all subjects were men and secondly, data on the lifestyle habits were not collected. The study of Kim et al[12] had methodological advantages: they included both men and women, total colonoscopy was performed and the lifestyle factors related to MS including smoking and alcohol consumption were collected. In this large Korean cross-sectional study, an increased risk of colorectal adenoma was associated with MS, particularly for proximal lesions, multiple adenomas and advanced adenomas. The authors also found that only waist circumference was found to be associated with the development of colon adenomas when the individual components of MS were analyzed separately on multiple logistic regression analyses[12]. Lee at al[36] reported that adenomatous polyps were significantly associated with increased BMI and that subjects with even one component of the MS had a significantly higher risk for developing adenomatous polyps compared to those subjects without any component. Pyo et al[14] showed that subjects with high levels of BMI, triglycerides and fasting blood glucose have increased prevalence of developing colorectal adenomas in a Korean study. A recent study of a Chinese population revealed that increased likelihood of colorectal adenoma was associated with MS. Central obesity and dyslipidemia were independently increased for the risk of colorectal adenoma[10].
The role played by each single component of MS on CRC risk is still unclear and whether the risk associated with the full syndrome is greater than the sum of its parts. Defining the risk conveyed by any single component, as compared with that of the full syndrome, may help choosing the best way for identifying individuals at risk for CRC. In addition, the association between MS and CRC death has never been extensively investigated. A recent meta-analysis of 17 studies reported that MS was associated with an increased risk of CRC incidence and mortality in both sexes[18]. The risk estimates changed little depending on the type of study, cancer site, populations or definition of the syndrome. Moreover, the risk estimates for any single factor of the syndrome were significant for higher values of BMI/waist, hyperglycemia and higher blood pressure[18].
Alcohol is one of the well-established risk factors for development of CRC[37]. After oral ingestion of alcohol, acethaldeide can accumulate locally in the colon through the microbial oxidation of alcohol, resulting in tissue injury, decrease in free radical scavenger and DNA damage[37]. Another mechanism of alcohol-related carcinogenesis is its interaction with retinoids[38]. Bardou et al[39] reported that excessive alcohol intake (> 50 g/d) is a risk factor for the development of adenoma with high-grade dysplasia and colorectal cancer. Moreover, Maekawa et al[38] found that excessive alcohol intake might be an independent risk factor for synchronous CRC. Our study tried to evaluate an association between excessive alcohol intake and colorectal neoplasms but this was not statistically significative. In fact, several limitations may explain this fact: relatively small number of patients, lack of data concerning the duration of drinking, cumulative alcohol intake and kind of alcoholic beverages.
It has also been reported that smoking is associated with increased risk of CRC or colorectal adenoma, but this association is observable only in studies with adequately long reference periods[40,41]. This suggests that the putative causal role of smoking is limited in earlier stages of colorectal carcinogenesis. In our study, smoking was not found to be associated with colorectal cancer or adenomas. Again, the relatively small number of patients may explain this finding.
In our population, MS was associated with adenomas and CRC. Among the single components of the syndrome, best evidence from the literature is provided for the association between hyperglycemia and increased waist circumference. Based in these findings, we may speculate that these factors are the major components of the association between MS cluster and colorectal neoplasms.
These patients may need a special attention for motivating them to appropriate colorectal screening. Recommendations for CRC screening in patients with MS may need to be different from average risk population, based in the heads-up data concerning the relationship between MS and colorectal neoplasms. However, there is not enough information in Western European countries to justify screening in patients with this syndrome. 
To our knowledge, no previous study evaluated this association in Portuguese patients. Results should be replicated in other Western countries, with high incidence of MS. In the meantime, it is never late to implementing healthy lifestyle changes which can help fighting MS and, thus, CRC.

COMMENTS
Background
There has been a growing recognition of metabolic syndrome (MS) as an important risk factor for cardiovascular disease and malignancies, including colorectal cancer (CRC). In Portugal, this is the second most common cause of cancer death.

Research frontiers
Epidemiological results from countries with high incidence of CRC have shown that lifestyle factors, including obesity, alcohol, smoking, physical inactivity and a westernized diet are correlated with an increased risk of CRC. Several investigators have showed that MS is associated with colorectal cancer and adenomas in Chinese, Japanese, Korean and Taiwan populations.

Innovations and breakthroughs
Few studies have been done regarding the relationship between MS and colorectal neoplasms in European countries. Since the bulk of data concerning this subject comes from Asia and Pacific countries, related to their increasing colorectal cancer prevalence, these conclusions may not be applied to Western European countries. We aimed to investigate the association between MS and colorectal neoplasms, as well as obesity, smoking and alcohol consumption, in a Portuguese population. To our knowledge, no previous study evaluated this association in Portuguese patients.

Applications
MS is positively associated with colorectal cancer and adenomas. Recommendations for CRC screening in patients with MS may need to be different from average risk population, concerning this relationship. However, there is not enough information in European countries to justify screening in patients with this syndrome. Results should be replicated in other countries. Healthy life-style modifications are worthwhile.

Peer-review
It is very well written and elaboratively justified. The abstract as well as the the main manuscript is very nicely written and are very explanatory. This manuscript deals with a very interesting issue: the association of metabolic syndrome to colorectal adenomas and colorectal cancer.
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Figure 1 Components of metabolic syndrome in group 1. HDL: High-density lipoprotein.

p=0,027
p=0,004

Figure 2 Association between metabolic syndrome and colorectal cancer/adenomas. MS: Metabolic syndrome.
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Figure 3 Biological mechanisms of the association between metabolic syndrome and colorectal cancer. In Muhidin S. Journal of Obesity, 2012 (adapted). TNF: Tumor necrosis factor; IGF: Insulin growth factor; IGFBP: Insulin growth factor binding Peptide; VEGF: Vascular endothelial growth factor.


	




Table 1 Adenoma’s characteristics in relation with metabolic syndrome
	Adenomas
	With MS (group 1) %
	Without MS (group 2) %
	P-value

	Size
	 
	 
	 

	< 5 mm
	20
	25
	0.756

	5-9 mm
	25
	22
	0.841

	≥ 10 mm
	55
	53
	0.822

	Grade of dysplasia
	 
	 
	 

	High grade
	81
	94
	0.196

	Low grade
	19
	6
	0.267

	Location
	 
	 
	 

	Proximal colon
	28
	22
	0.078

	Distal colon
	46
	69
	0.086

	Both
	26
	9
	0.065

	Number
	 
	 
	 

	1
	44
	69
	0.076

	2
	22
	22
	1

	≥ 3
	35
	9
	0.024

	Appearance
	 
	 
	 

	Sessile
	69
	53
	0.05

	Pedunculated
	11
	40
	0.061

	Both
	20
	7
	0.059


MS: Metabolic syndrome.








Table 2 Association between metabolic syndrome, alcohol consumption, smoking and obesity
	
	With MS (group 1) %
	Without MS (group 2) %
	P-value

	Adenomas

	Alcohol consumption
	
	
	

	Yes
	33
	30
	0.231

	No
	67
	70
	

	Smoking
	
	
	

	Yes
	33
	26
	0.146

	No
	67
	74
	

	Obesity (BMI ≥ 30 kg/m2)
	
	

	Yes
	30
	24
	0.078

	No
	70
	76
	

	Adenocarcinoma

	Alcohol consumption
	
	
	

	Yes
	32
	24
	0.102

	No
	68
	76
	

	Smoking
	
	
	

	Yes
	30
	24
	0.087

	No
	70
	76
	

	Obesity (BMI ≥ 30 kg/m2)
	
	

	Yes
	26
	20
	0.065

	No
	74
	80
	


MS: Metabolic syndrome; BMI: Body mass index.
With MS (group 1)	Presence of adenomas	Presence of adenocarcinoma	0.43	0.13	Without MS (group 2)	Presence of adenomas	Presence of adenocarcinoma	0.25	0.05	Hypertriglyceridemia (≥150 mg/dL)	Low HDL-cholesterol (	<	40 mg/dL men; 	<	50mg/dL women)	High serum fasting glucose (≥110 mg/dL)	High waist circumference (	>	90 cm men; 	>	80 cm women)	High Blood Pressure (≥130/85 mmHg)	50	55	60	91	94	%
