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Background: Metabolic syndrome was linked with various chronic diseases, including cancer. The study
on the effect of metabolic syndrome on colorectal cancer (CRC) was not conducted in Malaysia. Therefore,
this study aims to determine the association between metabolic syndromes and its components with CRC,
based on the three established definitions.

Methods: A multi-centred matched case control study was conducted in five local hospitals. A total of 140
histologically confirmed CRC cases were matched with 280 cancer free controls. Mean value and prevalence
of the components of metabolic syndrome between cases and controls were measured based on the three
definitions. A multiple variable analysis using Cox regression was conducted to measure the strength of the
association between the definitions of MetS, components of MetS and risk of CRC.

Results: Multiple variable analyses showed that metabolic syndrome significantly and independently
increased the risk of CRC, with an odds ratio ranging from 1.79 to 2.61. This study identified that the
definition of metabolic syndrome by the International Diabetes Federation is the most sensitive in predicting
the risk of CRC, compared to metabolic syndrome as defined by the World Health Organization and
National Cholesterol Education Program Adults Treatment Panel III. Abdominal obesity, low HDL-
cholesterol, and hypertension were identified as the three core risk factors, which promote inflammatory
signals that contribute to metabolic syndrome and an increased risk of CRC.

Conclusions: These data hypothesized that simple measurement of abdominal obesity, abnormal BP and
HDL-cholesterol especially using International Diabetes Federation (IDF) definition of MetS for South
Asians for to detect individuals at CRC risk may have higher clinical utility than applying other universal
complex MetS definitions.
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Introduction

An association between certain metabolic disorders,
including high blood pressure, high serum triglyceride,
high fasting blood glucose, low serum high-density
lipoprotein, obesity, and cardiovascular diseases, have been
known since the 1940s. Cardiovascular diseases indicate
the malfunction of the cardiovascular system, mainly heart
disease, the brain and kidney, blood vessels disease, and
disease of peripheral arteries (1). Three decades ago [1980],
few important risk factors were well established, and the
condition called metabolic syndrome (MetS) (dysmetabolic
syndrome or syndrome X) was introduced to indicate a
group of metabolic risk factors that occur simultaneously
in an individual (2). The clustering of these risk factors,
like dyslipidemia, mainly high serum triglyceride and low
serum high-density lipoprotein, impaired glucose tolerance,
and hypertension, was first described by Reaven (2), and,
subsequently, obesity was included (3). The World Health
Organization (WHO) (4), the National Cholesterol
Education Program Adults Treatment Panel III (NCEP
ATP III) (5), and the International Diabetes Federation
(IDF) criteria (6) proposed some individual criteria to
describe this condition. In recent findings, the term ‘MetS’
is widely used in the literature of medical and science
research, as well as in the lay press. The current interest was
focused on the relationship between MetS and cancers.

Colorectal cancer (CRC) is one of the most commonly
diagnosed solid tumours, and one of the main causes of
cancer mortality around the world. CRC occurs when
cancer develops in the surface of the large bowel, also
called the large intestine (7). Worldwide, 9.4% of men
and 10.1% of women, who had the incidence of cancer,
were diagnosed with CRC. It is estimated that over 50%
of people diagnosed with CRC will die of the disease, and
it is the most common cancer in developed countries (8).
In Peninsular Malaysia, CRC is the second most common
cancer after breast (11.9% of all cases registered), the
first among males (14.5%), and third among females
(9.9%) (9). CRC incidence in Peninsular Malaysia is
predominant among the Chinese, particularly among males
(21.4% and 21.6%, respectively) (10).

Although there were a few studies previously conducted
regarding the relationship between MetS and CRC, the
evidence is still inconclusive since the relationship was
population-specific. Since the Malaysian population differs
from others in terms of dietary intake and nutritional status,
this study aimed to measure the presence of MetS among
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the multi-ethnic in Malaysia using different definitions.
It is hypothesised that this study may add new insight,
from various definitions, to the existing evidences on the
association between MetS and CRC.

Methods

This is a multi-centric hospital-based case control study.
This study obtained ethical clearance from the Medical
Ethics Committee of Faculty of Medicine and Health
Sciences, University Putra Malaysia, the Clinical Research
Centre of each hospital, and the Ministry of Health
Research & Ethics Committee (MREC; NMRR-09-505-
3994). The study was conducted in five local hospitals
(Hospital Kuala Lumpur, Hospital Selayang, Hospital
Putrajaya, Hospital Pulau Pinang, and Hospital Sultanah
Aminah) that have a high number of diagnosed and treated
CRC cases. Annually, approximately 80 new CRC cases are
admitted in each hospital (11). This study was conducted
from 1st December 2009 until 31st January 2012. Study
respondents were recruited between 2010 and 2011.

The sample size was calculated using the Dupont
formula for matched case-control studies. A total of 140
CRC cases were recruited in this study, after excluding
those with missing data. Each case that was newly diagnosed
with CRC, based on the colonoscopy and the histology
report, was matched with two cancer-free controls (N=280)
for age, gender, and ethnicity. Patients that had a history
of cancer or were negative for malignancy were excluded
from this study. Patients with CVD and renal failure were
excluded as confounders. All patients who fulfilled criteria
were recruited with written informed consent.

Interviewer administrative questionnaires were used
to gather information on socio-demographic, physical
activity, smoking status, alcohol consumption, and total
energy intake, which were used as confounding variables
for the association of components of MetS and MetS
with CRC (12). All the study participants were ensured
that they never received any form of dietary intervention
prior to participating in this study, thus avoiding any
information bias.

Twenty millilitre (mL) of venous blood sample was
collected, processed, and analysed, as per standard
procedure. Plasma fasting blood glucose, triglyceride, and
HDL-cholesterol concentration were measured using an
automated clinical chemistry analyser, Hitachi 902, based
on hexokinase method, single point calibration, enzymatic
colorimetric method, and rate method, respectively (13).
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The cut off point for each of these analytes were based
on the definitions proposed by the International Diabetes
Federation (IDF) criteria (6), the National Cholesterol
Education Program Adults Treatment Panel III (NCEP
ATP III) (5), and modified World Health Organization
(WHO) (4). Body composition measurements, such as
height, weight, waist circumference, and blood pressure,
were measured and categorised according to each criterion,
as explained in the previous report (12).

SPSS version 2.1 was used to analyse the data. The data
were described using descriptive statistics. Categorical
variables were presented with frequencies and percentages;
continuous variables were presented with means and
standard deviations. Chi-square (x’) was used to determine
the association between socio-demographic and MetS,
and its components based on each criterion. T-test was
used to determine the difference of mean concentrations
of components of MetS between cases and controls.
Agreement between the three MetS definitions was analysed
using the proportion of concordant cases and the Kappa
index. Kappa index values above 0.81 were considered
excellent, values from 0.61 to 0.80 were considered good,
values from 0.41-0.60 were considered moderate, and values
below 0.40 were considered weak (14). Conditional logistic
regression was conducted using Cox-regression to measure
the magnitudes of association of each component of MetS
and MetS with CRC in a matched case-control study.
Age, sex, ethnic, education background, energy intake,
total physical activity level, current smoking status, and
current alcohol consumption were entered in the model as
confounding factors to measure the independent association
between each component of MetS and MetS with CRC.

Results

Response rate

A total of 2,664 CRC cases were diagnosed in 2010 and
2011 in all five hospitals, based on the patients’ registration
book in the colonoscopy room. About 1025 cases were
eligible, based on the inclusion and exclusion criteria, and
approached with a patients” information sheet. However,
only 234 cases agreed to participate in this study. For this
study, only 140 cases were included in the analysis, because
94 cases appeared with missing data. The response rate of the
study was 13.7%. On the other hand, all patients negative
for CRC after a colonoscopy were screened for eligibility
and matched for recruited cases. A total of 603 eligible
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controls were approached in this study, and 468 controls
that matched the recruited cases were included in this study.
The control samples were not random due to matching for
age, gender, and ethnicity. The flow of recruitment of study
respondents was illustrated in Figure 1.

Characteristics of study respondents

The mean age of cases (60.80+11.72 years) was slightly
lower than those in the control group (61.94+11.93 years).
Of 140 cases and 280 control subjects, 57.1% were males
and the remaining 42.9% were females. The percentage
of males in the case group out-numbered the females by
14.2%. In terms of ethnic variation, the incidence of CRC
was highest among the Chinese (41.4%), followed by the
Malays (35.0%) and the Indians (23.6%). The majority in
the case group had primary education, while nearly 50% of
the controls had secondary education. More case subjects
(10.7%) had no schooling, compared to the control subjects
(7.9%). Only one subject from the case group and 12 from
the control group were educated up to certificate/STPM
(0.7% and 4.3%, respectively). The rest of the participants,
7.9% of the cases and 14.3% of the controls, were educated
up to the tertiary level. The total energy intake of the
subjects in the case group was found to be lower than
the control group (1,557.06£414.12 vs. 1,635.39+425.62
kcal). The total physical intensity in the case group was
slightly lower compared to the controls (4,305.8+8,559.7 vs.
4,488.4+7,584.1 MET-minutes per day). The prevalence of
smoking and alcohol consumption was higher among the
cases compared to the controls (25.0% vs. 16.8% and 30.7%
vs. 23.9%, respectively) (Table I).

Prevalence of metabolic syndrome and individual
components based on IDF definition

MetS, as defined by IDFE, was diagnosed among 70.7% [99]
of cases and among 39.3% [110] of controls. In both cases
and controls, MetS was more prevalent among females
(53.8% vs. 56.4%), when compared to males (46.2% uvs.
43.6%). A higher proportion of the cases diagnosed with
MetS were the Malays (40.4%), followed by the Chinese
(35.4%) and the Indians (24.2%). Similarly, a higher
proportion of the controls diagnosed with MetS were the
Malays (40.9%), followed by the Indians (30.0%) and the
Chinese (29.1%). A higher proportion of study subjects
diagnosed with MetS based on the IDF definition were
aged 60-69 years old (33.3% in the cases and 29.1% in the
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Figure 1 Flowchart of recruitment of study respondents.
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Table 1 Characteristics of study respondents

Ulaganathan et al. Metabolic syndrome and CRC

Variable

Case (N=140)

Control (N=280)

Age (years)
Gender
Male
Female
Ethnicity
Malay
Chinese
Indian
Educational background
Primary school
Secondary school
Certificates/STPM
Tertiary
No schooling
Total dietary energy (kcal)
Physical activity intensity (MET-minutes/week)
Smoking status
Ever
Never
Alcohol consumption
Ever

Never

1,557.06+414.12
4,305.8+8,559.7

60.80+11.72 61.94+11.93
80 (57.1) 160 (57.1)
60 (42.9) 120 (42.9)
49 (35.0) 98 (35.0)
58 (41.4) 116 (41.4)
33 (23.6) 66 (23.6)
62 (44.3) 83 (29.6)
51 (36.4) 123 (43.9)
1(0.7) 12 (4.3)
11 (7.9) 40 (14.3)
15 (10.7) 22 (7.9)

1,635.39+425.62
4,488.4+7,584.1

35 (25.0) 47 (16.8)
105 (75.0) 233 (83.2)
43 (30.7) 67 (23.9)
97 (69.3) 213 (76.1)

controls). The proportion of study subjects diagnosed with
MetS increased with age advancement in both the cases and
the controls (Tuble 2).

Prevalence of metabolic syndrome and individual
components based on NCEP ATP I1I definition

Approximately 70% of the cases and 48.2% of the controls
were diagnosed with MetS based on the NCEP ATP III
definition. MetS was more prevalent among males (51.5%)
than females in the cases; however, the proportion of the
controls diagnosed with MetS was higher among females
(51.9% and 48.1%, respectively). The Chinese (51.2%) had
the highest prevalence among the cases, followed by the
Malays (36.1%) and the Indians (16.3%). In the controls,
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the highest prevalence of MetS was observed among the
Malays (36.3%), followed by the Chinese (35.6%) and the
Indians (28.1%). MetS, as defined by the NECP ATP III,
remained prevalent among cases aged 60-69 years (30.9%)
while in the controls, MetS was prevalent among those aged
70 years and above (31.9%) (Table 2).

Prevalence of metabolic syndrome and individual
components based on WHO definition

MetS was prevalent in males (51.8%) over females (48.2%)
among the cases, while in the controls males were 55.6%
and females were 44.4%, using the modified WHO
definition. MetS was most prevalent among the Malays
(36.5%), while the Chinese controls had the highest
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Table 2 Prevalence of metabolic syndrome according to the IDE, NCEP ATP III and modified WHO definitions
Definition of metabolic syndrome?, n (%)
Variable IDF NCEP ATP Modified WHO
Case Control Case Control Case Control
Total 99 (70.7) 110 (39.3) 97 (69.3) 135 (48.2) 85 (60.7) 117 (41.8)
Gender
Male 46 (46.2) 48 (43.6) 50 (51.5) 65 (48.1) 44 (51.8) 65 (55.6)
Female 53 (53.8) 62 (56.4) 47 (48.5) 70 (51.9) 41 (48.2) 52 (44.4)
Ethnic
Malay 40 (40.4) 45 (40.9) 35 (36.1) 49 (36.3) 31 (36.5) 40 (34.2)
Chinese 35 (35.4) 32 (29.1) 36 (51.2) 48 (35.6) 29 (34.1) 42 (35.9)
Indian 24 (24.2) 33 (30.0) 7 (16.3) 38 (28.1) 25 (29.4) 35 (29.9)
Age categories (years)
30-39 2 (2.5) 4 (3.6) 5(5.2) 7(5.2 44.7) 4 (3.4)
40-49 10 (10.1) 16 (14.5) 10 (10.3) 15 (11.1) 10 (11.8) 10 (8.5)
50-59 27 (27.3) 27 (24.5) 25 (25.8) 30 (22.2) 20 (23.5) 22 (18.8)
60-69 33 (33.3) 32 (29.1) 30 (30.9) 40 (29.6) 25 (29.4) 41 (35.0)
>70 27 (26.8) 31(28.2) 27 (27.8) 43 (31.9) 26 (30.6) 40 (34.2)

?, MetS were defined based on World Health Organization (WHO) (Laaksonen et al., 2002), National Cholesterol Education Program Adults
Treatment Panel Il (NCEP ATP lll) (Grundy et al., 2005) and International Diabetes Federation (IDF) criteria (Alberti et al., 2006) criteria.

prevalence of MetS (35.9%). The Indians had the lowest
prevalence of MetS in both the cases (29.4%) and the
controls (29.9%). The cases aged >70 years and the controls
aged 60—69 years had the highest prevalence of MetS (30.6%
and 35.0%, respectively) (1able 2).

Prevalence of individual components of metabolic syndrome
in the study groups based on IDF, NCEP ATP 11l and
modified WHO definition

Abdominal obesity was significantly prevalent in 67.1%
of cases based on the IDF criteria (x’=6.02, P=0.014). The
majority of the study subjects were not obese, according
to the NCEP ATP III definition (70.7% in the cases and
73.9% in the controls). According to the modified WHO
definition, the majority of the subjects were obese in both
the cases (75.0%) and the control groups (70.0%) (1able 3).
Significantly more of the cases than the controls had higher
levels of FBG based on all three definitions of MetS. Nearly
60% of the cases had significantly high FBG according to
the IDF definition (x’=4.01, P=0.045), 71.4% according
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to the NCEP ATP III definition (x’=6.26, P=0.012), and
64.3% according to the modified WHO definition (x’=6.25,
P=0.012) (Table 3). According to both the IDF and NCEP
ATP III definitions, 75.7% of the cases had significantly
low HDL cholesterol (3’=29.58, P=0.000), whereas only
46.4% of the cases presented with low HDL cholesterol
using the modified WHO definition (x’=15.67, P=0.000).
The majority of the study subjects appeared to have normal
HDL levels, according to the modified WHO definition
(53.6% in the cases and 72.9% in the controls) (Table 3).
Almost 60% of the cases were significantly diagnosed with
high serum TG level (x’=4.29, P=0.038), based on all three
definitions. High serum TG was less prevalent among
the controls (40.0%) (Table 3). According to the IDF and
NCEP ATP III definitions, the prevalence of hypertension
was significantly higher among the cases (70.7%) and the
controls (x’=13.74, P=0.000). Hypertension was significantly
more prevalent among the cases (65.7%), according to the
modified WHO definition (x’=13.40, P=0.000), compared
to the controls (46.8%). The controls had moderately high
prevalence of elevated BP, ranging from about 47-52%, as
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Table 3 Prevalence of individual components of metabolic syndrome in the study groups based on IDF, NCEP ATP III and modified WHO

definition

Component of IDF definition, n (%)

NCEP ATP IlI

. — o
definition, n (%) Modified WHO definition, n (%)

metabolic syndrome®

2c 2d

Case Control ° P Control P Case Control ¥ P
WC/BMI 6.02 0.014 1.49 0.485 1.15 0.284
Normal 46 (32.9) 127 (45.5) 99 (70.7) 207 (73.9) 35(25.0) 84 (30.0)
Obese 94 (67.1) 153 (54.6) 41 (29.3) 73 (26.1) 105 (75.0) 196 (70.0)
FBG 4.01 0.045 6.26 0.012 6.25 0.012
Normal 57 (40.7) 143 (60.0) 40 (28.6) 68 (48.6) 50(35.7) 77 (55.0)

Hyperglycaemia 83 (59.3) 56 (40.0)

HDL 29.58 0.000
Normal 34 (24.3) 146 (52.1)
Low HDL 106 (75.7) 134 (47.9)
TG 429 0.038
Normal 58 (41.4) 84 (60.0)
High TG 82 (58.6) 58 (40.0)
BP 13.74  0.000
Normal 41(29.3) 135 (48.2)

Hypertension 99 (70.7) 145 (51.8)

100 (71.4) 72 (51.4)

34 (24.3) 146 (52.1)
106 (75.7) 134 (47.9)

58 (41.4) 84 (60.0)
82 (58.6) 58 (40.0)

41(29.3) 135 (48.2)
99 (70.7) 145(51.8)

90 (64.3) 63 (45.0)

29.58 0.000 15.67 0.000
75 (53.6) 240 (72.9)
65 (46.4) 76 (27.1)

429 0.038 429 0.038
58 (41.4) 84 (60.0)
82 (58.6) 58 (40.0)

13.7  0.000 13.40 0.000
48 (34.3) 149 (53.2)
92 (65.7) 131 (46.8)

¥, MetS were defined based on World Health Organization (WHO) (Laaksonen et al., 2002), National Cholesterol Education Program
Adults Treatment Panel Ill (NCEP ATP Ill) (Grundy et al., 2005) and International Diabetes Federation (IDF) criteria (Alberti et al., 2006)
criteria; °, Chi-square using IDF criteria; °, Chi-square using NCEP ATP IlI criteria; ° Chi-square using modified WHO criteria. WC, waist
circumference; BMI, body mass index; FBG, fasting blood glucose; HDL, high density lipoprotein; TG, triglyceride; BP, blood pressure.

defined by all three definitions (7able 3).

The cases generally diagnosed with MetS had a
significantly higher mean of systolic BP (148.5£21.2 mmHg
by the IDF and the NCEP ATPIII, and 147.8+21.9 mmHg
by the modified WHO) and diastolic blood pressure
(83.1+9.9 mmHg by the IDF, 83.8+9.7 mmHg by the NCEP
ATP IIT and 83.3+10.1 mmHg) compared to the controls.
The mean FBG (6.9+2.5, 7.1+2.5 and 7.4+2.5 mmol/L,
respectively) and the mean TG (2.1+1.0 mmol/L by the
IDF and the NCEP ATP III, and 2.2+1.1 mmol/L by the
modified WHO) were found higher among the cases, but
not significant. The mean HDL cholesterol was the lowest
in the cases and similar in all definitions (0.9+0.4 mmol/L).
The study findings showed that the mean values of BMI
and waist circumference based on the IDF and the NCEP
ATP III definitions were approximately the same between
the cases and the controls with MetS (Tuble 4).

The study showed that MetS based on the IDF definition
was successfully diagnosed in 70.7% of patients with NCEP
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ATP III MetS. On the other hand, 13.8% of the study
subjects were categorized as normal by the NCEP ATP III,
but were diagnosed with IDF MetS (sensitivity =83.7%,
specificity =74.6%). Based on the kappa index, the IDF
definition showed a good agreement with the NCEP ATP
IIT definition, at 65.7+0.04 (P<0.001). The IDF MetS
identified that 30.2% of study subjects had no modified
WHO MetS and 22.5% of the study subjects who were
identified as normal under the modified WHO definitions
had IDF MetS (sensitivity =75.6%, specificity =71.9%).
The kappa index showed a moderate agreement between
the IDF definition and the modified WHO (47.4+0.04;
P<0.001) (Table 5).

Association of metabolic syndrome and component of
metabolic syndrome with CRC

MetS based on the IDF definition significantly and
independently increased odds of CRC more than two-
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Table 4 Comparison of individual components of metabolic syndrome between case and control subjects identified with MetS based on IDF,

NCEP ATP III and modified WHO

Definition of MetS

Component

of metabolic IDF NCEP ATP Modified WHO
syndrome’ Case Control t° P Case Control t° P Case Control t P
BMI (kg/m®) 26.2+8.3 26.7+3.9 -0.51 0.61 25.4+7.9 25.8x4.5 -0.42 0.67 24543 254+42 -1.49 0.14
WC (cm) 94.7£9.5 96.0£9.7 -1.01 0.31 91.8+11.5 91.5+£12.7 0.23 0.82 91.0+10.5 91.1+12.1 -0.10 0.93

Systolic BP  148.5+21.2135.1+24.2 3.99 0.00
(mmHg)

Diastolic BP  83.1+9.9 80.5+11.8 1.62  0.11

(mmHg)

FBG (mmol/L) 6.9+2.5 6.7+1.66 0.58  0.56 7.1x2.5
TG (mmol/L) 2.1+1.0 2.0+0.7 0.34 0.74 2.1+1.0
HDL (mmol/L) 0.9+0.4 1.1+£0.3 -1.6 0.11 0.9+0.4

148.5+20.9 136.4+24.5 3.98 0.00

83.8+9.7 81.2+11.3 1.82 0.07

147.8+21.9136.8+25.8 3.21 0.002

83.3+10.1 81.2+11.6 1.33 0.19

6.6+1.6 1.85 0.07 7.4+£2.5 6.8+1.7 2.06 0.04
2.0+0.7 0.64 0.53 2.2+1.1 1.9+0.6 1.66 0.09
1103 -2.24 0.03 0.9+0.4 1.0+04 -1.24 0.22

“, MetS were defined based on World Health Organization (WHO) (Laaksonen et al., 2002), National Cholesterol Education Program
Adults Treatment Panel Il (NCEP ATP lll) (Grundy et al., 2005) and International Diabetes Federation (IDF) criteria (Alberti et al, 2006)
criteria; °, Chi-square using IDF criteria; °, Chi-square using NCEP ATP lll criteria; ¢, Chi-square using modified WHO criteria. WC, waist
circumference; BMI, body mass index; FBG, fasting blood glucose; HDL, high density lipoprotein; TG, triglyceride; BP, blood pressure.

Table 5 Sensitivity, specificity, and level of agreement for metabolic syndrome defined by IDF against the NCEP ATP III, and modified WHO

definitions
Definition of metabolic IDF definition
syndrome® MetS Normal Sensitivity Specificity Kappa index P value
NCEP ATP llI 83.7 74.6 65.7+0.04 0.000
MetS 164 (70.7%) 68 (29.3%)
Normal 26 (13.8%) 162 (86.2%)
Modified WHO 75.6 71.9 47.4+0.04 0.000
MetS 141 (69.8%) 61 (30.2%)
Normal 49 (22.5%) 169 (77.5%)

?, MetS were defined based on World Health Organization (WHO) (Laaksonen et al., 2002), National Cholesterol Education Program Adults
Treatment Panel Il (NCEP ATP lll) (Grundy et al., 2005) and International Diabetes Federation (IDF) criteria (Alberti et al., 2006) criteria.

fold (AOR =2.61; 95% CI, 1.53-4.47), while MetS based
on the NCEP ATP III and WHO definitions significantly
increased odds of CRC by 2.55 times and 1.79 times,
independently (AOR =2.55; 95% CI, 1.47-4.40 and
AOR =1.79; 95% CI, 1.07-2.99 respectively). Based on
the IDF definition, the presence of abdominal obesity
(AOR =1.69; 95% CI, 1.01-2.83), low HDL-cholesterol
(AOR =3.79; 95% CI, 2.28-6.30), and hypertension
(AOR =2.60; 95% CI, 1.58-4.30) were significantly

associated with an increased odds of CRC. Based on the

© Journal of Gastrointestinal Oncology. All rights reserved.

NCEP ATP III and WHO definitions, only having low
HDL-cholesterol and being hypertensive increased the
odds of CRC independently (Tuble 6).

Discussion

MetS has become an interest of studies in Malaysia, but to
date no study has been published regarding the prevalence
of MetS in CRC patients in Malaysia, although large studies
have been conducted among healthy individuals (15,16)
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Table 6 Odds ratio and 95% confidence interval of metabolic syndrome, its components and number of metabolic syndrome components for
colorectal cancer

IDF definition NCEP ATP definition Modified WHO definition

Characteristics

OR (95% CI)* Adjusted OR (95% CI)°> OR (95% CI)* Adjusted OR (95% CI\> OR (95% CI)* Adjusted OR (95% CI)°

MetS°

No 1¢ 1¢ 1¢ 1¢ 1¢ 19

Yes 2.25(1.44-3.50) 2.61 (1.53-4.47) 2.37 (1.55-3.63)  2.55 (1.47-4.40) 2.12 (1.40-3.19) 1.79 (1.07-2.99)
WC/BMI

Normal 1¢ 1¢ 1¢ 1¢ 1¢ 19

Obese 1.78 (1.14-2.78)  1.69 (1.01-2.83) 1.21(0.74-1.99)  1.45(0.79-2.69) 1.30 (0.81-2.07) 1.23 (0.67-2.24)
FBG

Normal 1¢ 19 19 1¢ 1¢ 1¢

High 1.64 (1.04-2.57)  1.25(0.74-2.10) 1.78 (1.14-2.79)  1.64 (0.95-2.84) 1.73 (1.13-2.64) 1.60 (0.93-2.73)
HDL

Normal 1¢ 19 19 1 1¢ 1

Low 328 (2.07-5.20) 3.79(2.28-6.30)  3.28 (2.07-5.20)  3.79 (2.28-6.30) 2.27 (1.48-3.47)  2.99 (1.70-5.27)
TG

Normal 1¢ 19 1¢ 1¢ 1¢ 1¢

High 1.56 (1.03-2.37)  0.86 (0.52-1.42) 1.56 (1.03-2.37)  0.86 (0.52-1.42) 1.56 (1.03-2.37)  0.86 (0.52-1.42)
BP

Normal 1¢ 19 1¢ 19 1¢ 19

High 2.31 (1.47-3.62)  2.60 (1.58-4.30) 2.31(1.47-3.62)  2.60 (1.58-4.30) 2.21 (1.44-3.41) 1.86 (1.07-3.22)

2 estimates of crude odds ratio from Cox regression equations; °, estimates of odds ratio from Cox regression including terms for age,
sex, ethnic, education background, energy intake, total physical activity level, current smoking status and current alcohol consumption; °,
MetS were defined based on World Health Organization (WHO) (Laaksonen et al., 2002), National Cholesterol Education Program Adults
Treatment Panel Ill (NCEP ATP Ill) (Grundy et al., 2005) and International Diabetes Federation (IDF) criteria (Alberti et al., 2006) criteria;
9, reference category and confidence interval. WC, waist circumference; BMI, body mass index; FBG, fasting blood glucose; HDL, high

density lipoprotein; TG, triglyceride; BP, blood pressure; MetS, metabolic syndrome.

and on diabetes cases (17). The present study reported that
the prevalence of MetS based on the IDF definition among
CRC patients in Malaysia was higher than the MetS defined
by the NCEP ATP III (70.7% wvs. 69.3%) and followed
by the modified WHO definition (60.7%). The authors
hypothesized that the higher proportion of IDF MetS was
due to the difference in the definition of abdominal obesity.
The IDF proposed the presence of abdominal obesity
as a prerequisite. Abdominal obesity for Malaysians was
defined by the criterion for South Asians and Chinese (18).
The criterion was consistent with the obesity criteria as
proposed by the WHO Asia-Pacific Region (19). A similar
trend was reported by (20), among type II diabetes patients,
where 54.2% had MetS by the IDF definition and 50.5%

© Journal of Gastrointestinal Oncology. All rights reserved.

had MetS by the NCEP-ATPIII definitions. In Europe,
the MADRIC study (Madrid Riesgo Cardiovascular
Study) involving 1,344 healthy subjects found that the
prevalence of MetS was 24.6% using the NCEP ATP
IIT definition and 30.9% using the IDF definition, after
adjustments for age and gender. The MADRIC study
found that the overall agreement between the NCEP-
ATPIII and IDF definitions was at a satisfactory level,
especially among women compared to men (k: 0.92+0.07 vs.
0.66+0.06) (21). Consistently, this study showed a kappa
index with a significant agreement between the IDF and
NCEP ATP III definitions, but a moderate agreement
between IDF and modified WHO definitions (k: 0.66+0.04
vs. 0.47+0.04). There are four out of five identical
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components for MetS based on IDF and NCEP ATP
III definitions. These gave a higher agreement between
the IDF and NCEP ATP III definitions compared to the
modified WHO definition.

However, these three definitions have their respective
strengths and weakness. Since abdominal obesity is
a prerequisite for the IDF definition, this is mainly
preferential when diagnosing MetS among obese subjects.
By measuring abdominal obesity in different ethnicities
based on waist circumference measurements, the IDF
definition becomes an appropriate measurement tool for
epidemiologic data in Malaysia. The major disadvantage
using the IDF definition is that a non-abdominally obese
case could be excluded from MetS diagnosis, even with the
presence of other criteria of the syndrome. The NCEP ATP
IIT definition is the easiest method to diagnose MetS, and is
used in many epidemiology studies as the preferred method.
This is because of its flexibility in terms of the criteria used
for diagnosis of MetS, where presence of any three out
of five components of MetS fulfills the criteria. As for the
modified WHO definition of MetS, type II diabetes is the
precondition for the diagnosis. Thus, it could conclude that
a non-diabetic case is healthy, although it is quite possible
that the person has an underlying metabolic syndrome.

This study found that abdominal obesity significantly
and independently increased, by almost 70%, CRC odds.
From the concept of MetS, obesity is the major factor that
induced insulin resistance, as insulin acts as a mitogen of
tumour cell growth in vitro and as an important growth
factor for colonic epithelial cells (22). In addition, abdominal
obesity may alter the concentration of adipokines, including
down-regulation of adiponectin and up-regulation of leptin,
which were found to be significantly associated with colonic
neoplasm. It is important to maintain the up-regulated
adiponectin level, as it inhibits the signalling of the
nuclear factor kB and promotes the cancer cell apoptosis.
Besides that, adiponectin also inhibits the initiation of
inflammation (23). The facts were supported by a case
control study that found that having a higher waist
circumference increased, by 82%, the CRC odds among
postmenopausal women (24). In addition, the Cancer
Prevention Study-II Nutrition Cohort in China reported
that higher waist circumference both in men and women
was significantly associated with increased CRC incidence
(RR =1.68 in men and RR =1.75 in women) (25). A
retrospective review of an institutional cancer database at
the Michael E DeBakey Veterans Affairs Hospital [2002-
2009] reported similar findings, where waist circumference
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was a better prognostic factor of CRC compared to body
mass index (26).

In this study, the cases have a significantly higher
prevalence of high FBG compared to the controls, but no
significant association was found for CRC odds. There are
only a few studies that have been conducted to determine
the relationship between high blood glucose level and
CRC odds in Malaysian populations (27); however, even
fewer have determined the distribution of FBG across
CRC site, stage, and other known risk factors in a multiple
ethnic group (28). However, these studies only reported
a moderate contribution to CRC odds. As reported in
literature, T2DM was prevalent among Malaysians,
exceeding 15% of the population (29), yet non-convincing
evidences were found with the increased odds of CRC.
These may be because the majority of CRC patients in this
study had been diagnosed with T2DM more than a year,
and they might control their sugar level by reduction of
carbohydrate intake or exercising. This may be a reason the
evidence between FBG and CRC risk is still controversial.
In contrast to the authors’ findings, the Multi-Ethnic
Cohort findings in Japanese Americans suggested that
risk of CRC was increased by 15% in men with high
serum glucose, whereas among women, the increased
CRC risk was almost 50% with presence of high glucose
level (30). The findings were consistent with earlier studies
conducted in Koreans and Singaporean Chinese (31,32).
He et al. also found high serum glucose to be significantly
associated with the risk of colon cancer (RR =1.24) but not
rectal cancer among African Americans (30). Contrary to
these findings, an earlier report among African Americans
found no association with CRC (33). A prospective study of
CRC risk among women in the Women’s Health Initiative
study, suggested that high serum glucose levels may be a
stronger risk factor for CRC compared to insulin resistance,
especially among postmenopausal women (34).

Low HDL cholesterol concentration significantly and
independently increased odds of CRC almost four-fold. An
experimental study suggested that low HDL-cholesterol
promotes the tumour cells’ proliferation in vitro. HDL-
cholesterol plays important roles in tumorigenesis through
regulation of apoptosis or its influence on cell cycle
entry, via a mitogen-activated protein kinase-dependent
pathway (35). This study was supported by Jaggers ez al.,
where low HDL cholesterol found an increased CRC risk
of 25% (36). A large European study also found that the
highest blood level of HDL cholesterol was significantly
and independently protective against the risk for developing
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colon cancer, after adjusting for other confounding factors
like poor diet and obesity. An increase of 16 mg/dL of
plasma HDL concentration significantly and independently
reduced the risk of colon cancer risk by 22%, after adjusting
confounding factors such as weight, lifestyle, and dietary
intake (37).

Consistent with this study’s findings, the CLUE
IT cohort of Washington County, Maryland found no
association between TG and presence of CRC (38). In
contrast to this finding, the Aerobics Centre Longitudinal
Study in the United States reported that high TG increased
the risk of CRC by 25% (36). A study that was carried out
in China Medical University Hospital found that high TG
levels independently and significantly increased the risk of
CRC by almost 30% (39). Since obesity and T2DM are
found to cause elevation of serum TG (40), high TG may
contribute to CRC risk through simultaneous action of
obesity and T2DM. This may be a reason this study found
no independent contribution of CRC risk through high
TG level.

Hypertension was found to increase CRC odds by almost
three-folds in this study. Only a few studies have reported
hypertension as a significant risk factor for CRC. MetS
definition includes hypertension as one of the important
components for its diagnosis; however, some studies
hypothesized that the high correlation between MetS and
hypertension was from conditions like hyperinsulinemia and
insulin resistance (41). Despite the compelling evidence on
the direct effect of hyperinsulinemia or insulin resistance,
abdominal adiposity, which is etiologically different from
the mechanism, may fluctuate the blood pressure and
lead to hypertension (42). A study by the American Heart
Association found a 35% increased risk of CRC associated
with high blood pressure (43). This finding was confirmed
by another prospective study (44); however, a study among
smoking Finnish males did not support this association (45).

Measurement of MetS among this study’s subjects based
on the IDF definition showed the strongest association
with CRC. The odds estimates for any single component
of MetS were significant for abdominal obesity, low-HDL
cholesterol, and hypertension. This is biologically possible,
because abdominal obesity was strongly correlated with
every component of the MetS. Nevertheless, the ethnic-
specific waist circumference cut-offs proposed by the IDF
were appropriate and applicable to Malaysians (46,47). A
meta-analysis revealed that MetS was strongly associated
with increased risk of CRC both in men (33%) and
women (41%). However, the main components of MetS
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that estimated the risk of CRC were obesity, high fasting
blood glucose, and high blood pressure (48). IDF MetS
was a significant risk factor of colon cancer, with almost
twofold increased odds (35). In contrast, Liu et 4/. found no
association between MetS and CRC, and only high blood
glucose level was significantly associated with CRC (49).
A case control study in Switzerland found MetS as risk
factor for CRC in men, but not in women. The difference
in the findings may be due to unmeasured other strong
confounding factors of CRC risk, including smoking and
poor diet, which differ by gender (50). It is hypothesised
that the IDF definition that emphasised the importance of
abdominal obesity with ethnic group stratification can be
adopted worldwide, and proves convenient and useful in
epidemiological studies and clinical practice. Despite the
current significant findings, until randomised controlled
trials confirm the finding, there is no established clinical
or pharmacological treatment for the MetS among CRC
cases especially for those with abdominal obesity low-
HDL or hypertension. This retrospective observational
study shows potentiality for unmeasured and residual
confounding variables. However, in the analysis, the authors
have controlled for all the possible confounders identified in
previous studies.

Conclusions

In conclusion, the authors found that central obesity,
hypertension, and low levels of HDL cholesterol were
associated with increased odds of CRC, and only very high
mean levels of metabolic factors confer increased odds of
CRC. Since the IDF definition was more sensitive, this
study concluded that the IDF definition is the most reliable
reference to identify MetS in CRC among the Malaysian
population. The components of MetS are modifiable
risk factors; therefore, application of healthy behaviours,
including exercise, weight control, and healthy dietary
habits, are important in reducing these risk factors and
thereby reducing the incidence of MetS and the risk of
CRC. Since abdominal obesity was identified as significant
in most of the studies on CRC, preventing obesity alone
may be a potential strategy to control other risk factors,
preventing the incidence of MetS and efficiently reducing
the risk of CRC.
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