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A B S T R A C T

Aim of the study: We assessed the relation between metabolic syndrome (MetS) and its com-

ponents and colorectal cancer.

Methods: We analysed data from a multicentre case–control study conducted in Italy

and Switzerland, including 1378 cases of colon cancer, 878 cases of rectal cancer and

4661 controls. All cases were incident and histologically confirmed. Controls were subjects

admitted to the same hospitals as cases with acute non-malignant conditions. MetS

was defined according to the International Diabetes Federation criteria. Odds ratios (ORs)

and the corresponding 95% confidence intervals (CIs) were estimated by multiple logistic

regression models, including terms for major identified confounding factors for colorectal

cancer.

Results: With reference to each component of the MetS, the ORs of colorectal cancer in men

were 1.27 (95% CI, 0.95–1.69) for diabetes, 1.24 (95% CI, 1.03–1.48) for hypertension, 1.14 (95%

CI, 0.93–1.40) for hypercholesterolaemia and 1.26 (95% CI, 1.08–1.48) for overweight at age

30. The corresponding ORs in women were 1.20 (95% CI, 0.82–1.75), 0.87 (95% CI,

0.71–1.06), 0.83 (95% CI, 0.66–1.03) and 1.06 (95% CI, 0.86–1.30). Colorectal cancer risk was

increased in men (OR = 1.86; 95% CI, 1.21–2.86), but not in women (OR = 1.13; 95% CI,

0.66–1.93), with MetS. The ORs were 2.09 (95% CI, 1.38–3.18) in men and 1.15 (95% CI,

0.68–1.94) in women with P3 components of the MetS, as compared to no component.

Results were similar for colon and rectal cancers.

Conclusion: This study supports a direct association between MetS and both colon and rec-

tal cancers in men, but not in women.
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1. Introduction

The metabolic syndrome (MetS) is characterised by a cluster-

ing of components associated with cardiovascular diseases

(i.e. hyperglycaemia, obesity, hypertension and dyslipida-

emia). Several definitions of the MetS have been proposed

during the last decade,1–3 and experts of major organisations

have recently agreed a joint scientific statement trying to uni-

fy its diagnostic criteria.4

Besides cardiovascular conditions, the MetS has more re-

cently been associated to the risk of various cancers, includ-

ing those of the colon and rectum, in a number of

epidemiological studies.5–14 The MetS might increase colorec-

tal cancer risk through various biological mechanisms, partic-

ularly those related to insulin resistance.15 However, not all

findings supported a relation between MetS and colorectal

cancer,11,12 and the results between studies were often incon-

sistent when the associations were examined by site (i.e. co-

lon or rectum) and sex.

With reference to the components of the MetS, the World

Cancer Research Fund/American Institute for Cancer Re-

search (WCRF/AICR) report concluded that there is convincing

evidence that greater body fat causes colorectal cancer.16 Fur-

ther, increasing evidence shows that abdominal fat, and par-

ticularly visceral adiposity, is associated with increased risk of

colorectal adenoma and cancer, independently of overall body

mass index (BMI).16,17 Several epidemiological studies con-

ducted in different populations indicated diabetes as a risk

factor for colorectal cancer.18–21 On the other hand, most find-

ings suggest that the association between hypertension and

dyslipidaemia and colorectal cancer risk is – if any –

modest.9,12

To provide further information on the relation between

MetS and its components and colorectal cancer, we analysed

data from a case–control study conducted in Italy and

Switzerland.

2. Patients and methods

Data were derived from a multicentre case–control study of

colorectal cancer conducted in six Italian areas (the provinces

of Pordenone and Gorizia in the north-east; the urban areas of

Milan and Genoa and the province of Forlı̀ in the North; Latina

in the centre; and the urban area of Naples in the South) and

in Canton Vaud, Switzerland, between 1992 and 2001. The

general design of the investigation has already been de-

scribed.22,23 The study included 1378 cases of colon cancer

(International Classification of Diseases, ICD-9, 153.0–153.9),

1209 from Italy and 169 from Switzerland, 780 men and 598

women, aged 31–79 years (median age, 61 years); 878 cases

of rectal cancer (ICD-9, 154.0–154.1), 723 from Italy and 155

from Switzerland, 530 men and 348 women, aged 31–75 years

(median age, 61 years); and 4661 controls, 4055 from Italy and

606 from Switzerland, 2364 men and 2297 women, aged 31–

79 years (median age, 57 years). Subjects aged 630 and

P80 years were excluded. All cancer cases were incident

and histologically confirmed.

Controls were patients admitted to the same network of

hospitals of cases for acute, non-neoplastic conditions unre-
lated to digestive tract diseases (23% had traumatic condi-

tions, mostly fractures and sprains; 26% non-traumatic

orthopaedic disorders; 25% acute surgical conditions and

26% miscellaneous other illnesses such as eye, ear and skin

diseases). The proportion of refusals was <5% for both cases

and controls in all Italian centres and about 15% in Switzer-

land. The design was the same for the Italian and Swiss

studies.

Centrally trained interviewers used a structured question-

naire to collect data during the hospital stay on socio-demo-

graphic characteristics, smoking, alcohol drinking, dietary

habits, physical activity, family history of cancer, self-re-

ported height and weight at various ages, and personal his-

tory of selected medical conditions. BMI was computed

according to Quetelet’s index (weight/height2, kg/m2). Since

in this study the most consistent association between mea-

sures of body size and colorectal cancer was that with BMI

at age 30,23 the presence of central obesity was defined as a

BMI value P25 kg/m2 at age 30. Information on medical con-

ditions, including history of clinical obesity, history of drug-

treated hypertension, history of clinical diagnosis of hyper-

cholesterolaemia and type-2 diabetes, was self-reported and

included age at diagnosis.

The indicator of MetS was defined according to the Inter-

national Diabetes Federation (IDF) criteria,2 adapted to our

data, as the simultaneous presence of central obesity plus

at least two other components of the following: history of a

clinical diagnosis of hypercholesterolaemia (as a proxy of

raised triglycerides and reduced HDL–cholesterol levels), his-

tory of drug-treated hypertension and diabetes. We also con-

sidered various components of the MetS separately. When the

information on BMI at age 30 was missing (i.e. 107 cases [4.7%]

and 139 controls [3.0%]), the subjects were excluded from the

analyses on MetS.

2.1. Statistical analysis

Odds ratios (ORs) and the corresponding 95% confidence

intervals (CIs) were derived from unconditional multiple lo-

gistic regression models, including terms for age, study cen-

tre, sex (when appropriate), education (<7, 7 to <12 and

P12 years), tobacco smoking (never, ex, current smokers of

<15, 15 to <25 and P25 cigarettes per day), alcohol drinking

(never, ex, current drinkers of <1, P1 to <3 and P3 glasses

per day), occupational physical activity at age 30–39 (low,

intermediate and high) and non-alcohol energy intake (in

continuous).

3. Results

Table 1 gives the distribution of cases and controls by age,

study centre, education and occupational physical activity,

separately for men and women. In men only, cases had more

frequently than controls a high level of education and a low

level of occupational physical activity.

Table 2 shows the distribution of colon and rectal cancer

cases and controls according to the components of the MetS,

separately by gender, and the corresponding ORs and 95% CIs.

For colorectal cancer, the ORs in men were 1.27 (95% CI,



Table 1 – Distribution of colorectal cancer cases and controlsa by age and selected characteristics, separately for men and
women. Italy and Switzerland, 1992–2001.

Men Women

Cases (%) Controls (%) Cases (%) Controls (%)

Age (years)
<40 32 (2.4) 130 (5.5) 33 (3.5) 154 (6.7)
40–49 107 (8.2) 370 (15.6) 108 (11.4) 461 (20.1)
50–59 330 (25.2) 720 (30.5) 247 (26.1) 699 (30.4)
60–69 600 (45.8) 836 (35.4) 357 (37.7) 712 (31.0)
P70 241 (18.4) 308 (13.0) 201 (21.2) 271 (11.8)

Study centre
Pordenone/Gorizia 351 (26.8) 765 (32.4) 260 (27.5) 571 (24.9)
Milan 269 (20.5) 306 (12.9) 214 (22.6) 751 (32.7)
Genoa 141 (10.8) 295 (12.5) 82 (8.7) 199 (8.7)
Forlı̀ 58 (4.4) 119 (5.0) 36 (3.8) 127 (5.5)
Naples 113 (8.6) 164 (6.9) 76 (8.0) 194 (8.4)
Rome/Latina 186 (14.2) 385 (16.3) 146 (15.4) 179 (7.8)
Canton Vaud 192 (14.7) 330 (14.0) 132 (13.9) 276 (12.0)

Education (years)
<7 549 (41.9) 1065 (45.0) 512 (54.1) 1248 (54.3)
7–11 383 (29.2) 739 (31.3) 257 (27.2) 663 (28.9)
P12 378 (28.8) 560 (23.7) 177 (18.7) 386 (16.8)

Occupational physical activity
Low 518 (39.6) 757 (32.0) 331 (35.0) 786 (34.3)
Medium 335 (25.6) 645 (27.3) 464 (49.1) 1143 (49.8)
High 456 (34.8) 961 (40.7) 150 (15.9) 365 (15.9)
a The sum of subjects might not add up to the total because of a few missing values.
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0.95–1.69) for diabetes, 1.24 (95% CI, 1.03–1.48) for hyperten-

sion, 1.14 (95% CI, 0.93–1.40) for hypercholesterolaemia and

1.26 (95% CI, 1.08–1.48) for overweight at age 30. The corre-

sponding ORs in women were 1.20 (95% CI, 0.82–1.75), 0.87

(95% CI, 0.71–1.06), 0.83 (95% CI, 0.66–1.03) and 1.06 (95% CI,

0.86–1.30). The association with diabetes was somewhat

stronger for rectal (OR = 1.48, 95% CI, 1.02–2.15, in men and

1.40, 95% CI, 0.82–2.37, in women) than for colon cancer

(OR = 1.15, 95% CI, 0.82–1.64, in men and 1.13, 95% CI, 0.72–

1.77, in women), whereas hypertension and hypercholestero-

laemia were associated with male colon cancer (OR = 1.36,

95% CI, 1.10–1.68, and 1.27, 95% CI, 1.00–1.61, respectively)

but not with male rectal cancer (OR = 1.08, 95% CI, 0.84–1.40,

and 0.97, 95% CI, 0.72–1.31, respectively).

Table 3 gives the distribution of colorectal cancer cases

and controls according to an indicator of MetS and number

of its components, separately by gender and overall, and the

corresponding ORs and 95% CIs. The risk of colorectal cancer

was increased in men (OR = 1.86, 95% CI, 1.21–2.86), but not in

women (OR = 1.13, 95% CI, 0.66–1.93), with MetS (p-value for

heterogeneity, 0.22). In men, the ORs of colorectal cancer were

1.04 (95% CI, 0.88–1.22) for subjects with 1 component of the

MetS, 1.44 (95% CI, 1.16–1.80) for those with 2 components

and 2.09 (95% CI, 1.38–3.18) for those with 3 or more compo-

nents (p-value for trend <0.001). The corresponding ORs were

0.84 (95% CI, 0.70–1.02), 0.82 (95% CI, 0.62–1.09) and 1.15 (95%

CI, 0.68–1.94) in women (p-value for heterogeneity, 0.02), and

0.95 (95% CI, 0.84–1.06), 1.15 (95% CI, 0.98–1.37) and 1.69 (95%

CI, 1.23–2.33) in all subjects. Results were similar when colon

and rectal cancers were considered separately. In men, the
ORs of colon and rectal cancers for the indicator of MetS were

1.88 (95% CI, 1.13–3.13) and 1.96 (95% CI, 1.13–3.40), respec-

tively. Men with 3 as compared to no components of the MetS

had ORs of 2.15 (95% CI, 1.31–3.53) for colon and 2.19 (95% CI,

1.29–3.73) for rectal cancer, while women had ORs of 1.17 (95%

CI, 0.64–2.14) and 1.14 (95% CI, 0.53–2.46), respectively.
4. Discussion

The MetS, and particularly its underlying component hyper-

insulinaemia, might influence colorectal cancer risk through

several plausible biological mechanisms. By suppression of

hepatic secretion of insulin-like growth factors (IGF)-binding

protein-1, insulin enhances the levels of bioavailable IGF-1.24

IGF-1 stimulates cell proliferation and differentiation, inhibits

apoptosis25 and increases production of vascular endothelial

growth factors, important in tumour angiogenesis. Further,

insulin stimulated cell growth in a human colon cancer cell

line in a dose-dependent manner.26

The association between obesity and both colon and rectal

cancers varies according to gender. A meta-analysis of pro-

spective studies27 found that the risk of colon and rectal can-

cers is higher in men (relative risk, RR = 1.30 for colon,

RR = 1.12 for rectal cancer, for a 5-unit increase in BMI) than

in women (RRs = 1.12 and 1.03, respectively). Our results are

consistent with those findings. Since central obesity has a

key role in the MetS and is more common in men than in wo-

men – the IDF included central obesity as essential in its def-

inition of the MetS2 – this component might explain the



Table 2 – Distribution of colorectal cancer cases and controls, with odds ratios (ORs) and corresponding 95% confidence
intervals (CIs), according to selected components of the metabolic syndrome, separately for men and women. Italy and
Switzerland, 1992–2001.

Men Women

Cases (%) Controls (%) ORa (95% CI) Cases (%) Controls (%) ORa (95% CI)

Colorectal cancer
Diabetes

No 1212 (92.5) 2241 (94.8) 1b 893 (94.4) 2210 (96.2) 1b

Yes 98 (7.5) 123 (5.2) 1.27 (0.95–1.69) 53 (5.6) 87 (3.8) 1.20 (0.82–1.75)

Hypertension
No 1011 (77.2) 1975 (83.5) 1b 743 (78.5) 1833 (79.8) 1b

Yes 299 (22.8) 389 (16.5) 1.24 (1.03–1.48) 203 (21.5) 464 (20.2) 0.87 (0.71–1.06)

Hypercholesterolaemia
No 1122 (85.6) 2070 (87.6) 1b 800 (84.6) 1948 (84.8) 1b

Yes 188 (14.4) 294 (12.4) 1.14 (0.93–1.40) 146 (15.4) 349 (15.2) 0.83 (0.66–1.03)

Overweight at age 30c,d

No 864 (68.6) 1644 (71.3) 1b 705 (79.2) 1786 (80.5) 1b

Yes 395 (31.4) 660 (28.6) 1.26 (1.08–1.48) 185 (20.8) 432 (19.5) 1.06 (0.86–1.30)

Colon cancer
Diabetes

No 727 (93.2) 2241 (94.8) 1b 566 (94.6) 2210 (96.2) 1n

Yes 53 (6.8) 123 (5.2) 1.15 (0.82–1.64) 32 (5.4) 87 (3.8) 1.13 (0.72–1.77)

Hypertension
No 588 (75.4) 1975 (83.5) 1b 465 (77.8) 1833 (79.8) 1b

Yes 192 (24.6) 389 (16.5) 1.36 (1.10–1.68) 133 (22.2) 464 (20.2) 0.92 (0.73–1.16)

Hypercholesterolaemia
No 658 (84.4) 2070 (87.6) 1b 498 (83.3) 1948 (84.8) 1b

Yes 122 (15.6) 294 (12.4) 1.27 (1.00–1.61) 100 (16.7) 349 (15.2) 0.91 (0.70–1.18)

Overweight at age 30c,d

No 512 (68.2) 1644 (71.3) 1b 454 (80.1) 1786 (80.5) 1b

Yes 239 (31.8) 660 (28.6) 1.29 (1.07–1.56) 113 (19.9) 432 (19.5) 1.02 (0.79–1.30)

Rectal cancer
Diabetes

No 485 (91.5) 2241 (94.8) 1b 327 (94.0) 2210 (96.2) 1b

Yes 45 (8.5) 123 (5.2) 1.48 (1.02–2.15) 21 (6.0) 87 (3.8) 1.40 (0.82–2.37)

Hypertension
No 423 (79.8) 1975 (83.5) 1b 278 (79.9) 1833 (79.8) 1b

Yes 107 (20.2) 389 (16.5) 1.08 (0.84–1.40) 70 (20.1) 464 (20.2) 0.80 (0.59–1.07)

Hypercholesterolaemia
No 464 (87.5) 2070 (87.6) 1b 302 (86.8) 1948 (84.8) 1b

Yes 66 (12.5) 294 (12.4) 0.97 (0.72–1.31) 46 (13.2) 349 (15.2) 0.69 (0.49–0.98)

Overweight at age 30c,d

No 352 (69.3) 1644 (71.3) 1b 251 (77.7) 1786 (80.5) 1b

Yes 156 (30.7) 660 (28.6) 1.26 (1.01–1.58) 72 (22.3) 432 (19.5) 1.12 (0.83–1.52)
a ORs adjusted for age, study centre, education, smoking habit, alcohol drinking, occupational physical activity and non-alcohol energy intake.
b Reference category.
c Body mass index P25 kg/m2 at age 30.
d The sum of subjects does not add up to the total because of 246 missing values.
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different findings for MetS according to gender. Among other

possible mechanisms related to obesity that might explain

the different results in men and women are a role of total

IGF-1, i.e. a major determinant of free IGF-1 levels, as men

have higher circulating concentration levels than women,28

and of adiponectin, a hormone secreted by the adipose tissue,

whose serum levels are inversely related to both BMI and
colorectal cancer risk29 and that is present at higher concen-

trations in women than in men.30

Our findings on MetS are in broad agreement with those of

other studies. An US prospective study,10 based on 14,109 sub-

jects, found a direct association with colorectal cancer in men

(RR = 1.78) but not in women (RR = 1.16). Similarly, the

Aerobics Centre Longitudinal Study,8 based on 33,230 men,



Table 3 – Distribution of colorectal cancer cases and controls,a with odds ratios (ORs) and corresponding 95% confidence
intervals (CIs), according to the indicator of metabolic syndrome (MetS) and the number of its components. Italy and
Switzerland, 1992–2001.

Men Women All subjects

Cases (%) Controls (%) ORc (95% CI) Cases (%) Controls (%) ORc (95% CI) ORc (95% CI)

Colorectal cancer
Number of components of the MetS

None 595 (47.3) 1208 (52.4) 1d 498 (56.0) 1253 (56.5) 1d 1d

1 418 (33.2) 803 (34.8) 1.04 (0.88–1.22) 269 (30.2) 692 (31.2) 0.84 (0.70–1.02) 0.95 (0.84–1.06)
2 193 (15.3) 243 (10.5) 1.44 (1.16–1.80) 96 (10.8) 231 (10.4) 0.82 (0.62–1.09) 1.15 (0.98–1.37)
P3 53 (4.2) 50 (2.2) 2.09 (1.38–3.18) 27 (3.0) 42 (1.9) 1.15 (0.68–1.94) 1.69 (1.23–2.33)
p for trend 16.2 (p < 0.001) 1.5 (p = 0.22) 5.8 (p = 0.02)

Indicator of MetSb

No 1212 (96.3) 2257 (98.0) 1d 866 (97.3) 2177 (98.2) 1d 1d

Yes 47 (3.7) 47 (2.0) 1.86 (1.21–2.86) 24 (2.7) 41 (1.8) 1.13 (0.66–1.93) 1.58 (1.14–2.19)

Colon cancer
Number of components of the MetS

None 344 (45.8) 1208 (52.4) 1d 312 (55.0) 1253 (56.5) 1d 1d

1 246 (32.8) 803 (34.8) 1.04 (0.86–1.26) 175 (30.9) 692 (31.2) 0.87 (0.70–1.08) 0.96 (0.83–1.10)
2 132 (17.6) 243 (10.5) 1.69 (1.31–2.18) 62 (10.9) 231 (10.4) 0.87 (0.63–1.20) 1.31 (1.08–1.59)
P3 29 (3.9) 50 (2.2) 2.15 (1.31–3.53) 18 (3.2) 42 (1.9) 1.17 (0.64–2.14) 1.71 (1.17–2.50)
p for trend 18.3 (p < 0.001) 0.5 (p = 0.48) 8.7 (p = 0.003)

Indicator of MetSb

No 725 (96.5) 2257 (98.0) 1d 552 (97.4) 2177 (98.2) 1d 1d

Yes 26 (3.5) 47 (2.0) 1.88 (1.13–3.13) 15 (2.6) 41 (1.8) 1.06 (0.56–1.99) 1.52 (1.03–2.25)

Rectal cancer
Number of components of the MetS

None 251 (49.4) 1208 (52.4) 1d 186 (57.6) 1253 (56.5) 1d 1d

1 172 (33.9) 803 (34.8) 1.06 (0.85–1.33) 94 (29.1) 692 (31.2) 0.80 (0.60–1.05) 0.94 (0.79–1.11)
2 61 (12.0) 243 (10.5) 1.14 (0.82–1.57) 34 (10.5) 231 (10.4) 0.75 (0.49–1.14) 0.97 (0.75–1.24)
P3 24 (4.7) 50 (2.2) 2.19 (1.29–3.73) 9 (2.8) 42 (1.9) 1.14 (0.53–2.46) 1.82 (1.19–2.79)

p for trend 4.6 (p = 0.03) 1.6 (p = 0.20) 0.9 (p = 0.34)
Indicator of MetSd

No 487 (95.9) 2257 (98.0) 1d 314 (97.2) 2177 (98.2) 1d 1d

Yes 21 (4.1) 47 (2.0) 1.96 (1.13–3.40) 9 (2.8) 41 (1.8) 1.30 (0.61–2.78) 1.79 (1.16–2.77)
a Two hundred and forty-six subjects were excluded because of missing values in one of the components of the MetS.
b Derived from the definition given by the International Diabetes Federation,2 adapted to our data.
c ORs adjusted for age, sex (when appropriate), study centre, education, smoking habit, alcohol drinking, occupational physical activity and

non-alcohol energy intake.
d Reference category.
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reported a 71% increased mortality from colorectal cancer in

subjects with MetS, as defined by the Adult Treatment Panel

(ATP) III.1 In the Northern Sweden Health and Disease Cohort

study,7 including 306 cases of colorectal cancer, a case–control

approach was used to analyse the issue, and the OR was 2.57

for combined presence of obesity, hypertension and hyper-

glycaemia as compared to the absence of any component.

Other studies on MetS and colorectal cancer have however re-

ported contrasting results, with elevated risks among women

but not among men.6,9 In an Italian study using data from ar-

chives of pharmaceutical prescriptions and from the local

Cancer Registry,6 increased incidence of colorectal cancer

(RR = 1.32) was found in women, while no association

emerged in men (RR = 0.91). Another recent investigation on

metachronous colorectal neoplasia, considering a subset of

2392 subjects from the Wheat Bran Fibre and Ursodeoxycholic

Acid trials,9 reported ORs of 1.37 in women and 0.99 in men
with MetS, defined according to the ATP III. Therefore, the is-

sue of possible risk variation according to gender is still open

to discussion.

Our information on MetS is based on a questionnaire col-

lecting details on history of selected diseases (i.e. age at first

diagnosis of treated hypertension, hypercholesterolaemia,

diabetes) rather than from direct measurements of blood

pressure, triglycerides, HDL–cholesterol and fasting plasma

glucose. Thus, the prevalence of MetS in our data is likely to

be underestimated. This was confirmed when comparison

was made to another Italian study that however used a differ-

ent criterion (ATP III)1 to define the MetS.31 Cases may be

more sensitised to report history of disease more frequently

than controls. However, the hospital-based design should rep-

resent an optimal framework for investigating medical histo-

ries, since cases and controls are interviewed under similar

conditions and are therefore equally sensitised towards
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recalling past diseases,32 and medical history in our studies

has proven satisfactorily reproducible.33

Colorectal cancer causes weight loss and is therefore likely

to interfere with various body measures,23 including waist cir-

cumference. Thus, we used BMI at age 30 as an indicator for

central obesity. Though subjects might have experienced

important changes in BMI during their life, overweight in

youth was equally or even more important than recent over-

weight to address the association with colorectal cancer, nota-

bly in this and other case–control and cohort analyses.23,34,35

These limitations suggest caution in the interpretation of

the results. Among the strengths of this study, were its large

database, the high proportion of respondents, and the avail-

ability of a large questionnaire that allowed to adjust in the

regression models for several covariates, including energy in-

take and physical inactivity, i.e. possible underlying factors in

the development of MetS.5

In conclusion, this study supports a direct association be-

tween MetS and both colon and rectal cancers in men, but not

in women. The risk increased with the number of compo-

nents of the MetS, up to a more than doubled risk for men

with three or more components. The most important compo-

nents to explain the association were hypertension and over-

weight, though none of the factors increased the risk by more

than 30% when considered individually. This weighs in favour

of a combined role of factors involved in the MetS in the aeti-

ology of male colorectal cancer.
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