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BACKGROUND. Singapore Chinese have experienced a rapid transition toward a
pattern of disease in which lifestyle-related, chronic, degenerative diseases are
major public health concerns. The rates of colorectal carcinoma have increased
2-fold over the last 3 decades. It has long been known that dietary factors play a
role in the risk of this disease, although studies in Asian populations, with their
unique dietary intake, have been few.

METHODS. The authors conducted a population-based case-control study that
included 121 Chinese patients with colorectal carcinoma and 222 healthy control
participants who provided information on usual intake of major food groups in the
preceding 3 years, physical activity, family history of colorectal carcinoma, and
demographic variables through an in-person questionnaire.

RESULTS. High intake of red meat, but not other meats, indicated a predisposition
to risk of colorectal carcinoma (adjusted odds ratio [OR] for the highest tertile vs.
the lowest tertile, 2.2; 95% confidence interval [95%ClI], 1.1-4.2). A low vegetable
intake also was associated with a higher risk, and the combined effect appeared to
be additive. Those in the highest tertile of meat intake and the lowest quartile of
vegetable intake had an OR of 2.6 (95%CI, 1.0-6.7). The authors observed a slight,
albeit nonsignificant, positive association with foods high in refined sugars. There
was no association observed with fruit or soy-legume intake in this study. Among
nondietary variables, a family history of colorectal carcinoma conferred a signifi-
cant increase in risk (OR, 6.7; 95% CI 2.4-18.7).

CONCLUSIONS. Meat intake and vegetable intake were associated significantly with
risk of colorectal carcinoma in this Asian population, and further studies on the
effects of changes in these specific types of food may shed light on how best to
reduce the rapid increase in rates in similar populations. Cancer 2002;95:2390-6.
© 2002 American Cancer Society.
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KEYWORDS: case-control study, colorectal carcinoma, diet, population-based, red
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c olorectal carcinoma is the most commonly diagnosed malignancy
in Singapore, an island state in Southeast Asia with a population
of 3 million. The country has undergone rapid industrialization over
the past several decades, and this has brought with it changes in
dietary habits' and a more sedentary lifestyle.> Colon carcinoma rates
increased significantly between 1968 and 1997, from 10.4 to 20.9 per
100,000 males and from 9.0 to 17.9 per 100,000 females.** Similar
increases have been noted for rectal carcinoma.

Ethnic Chinese constitute 77% of the Singapore population and
account for 91% of all patients who are diagnosed with colorectal
carcinoma in Singapore.* The wide variation in rates between coun-
tries and the evidence from migrant studies point to the importance



of environmental factors, particularly diet, in the cau-
sation of this disease. In the context of worldwide
colorectal carcinoma incidence, Singapore’s rates rap-
idly are approaching the rates seen in developed
countries and are among the highest in Asia (between
two times and nine times higher than the rates in
China).>®

Studies on dietary risk factors for colon carcinoma
have been consistent in demonstrating a positive as-
sociation with the consumption of meat, particularly
red meat, and an inverse association with vegetable
consumption.” Despite rising affluence and the grad-
ual adoption of a Western-style diet, many Singapore
Chinese have retained their traditional methods of
cooking and food preferences. The distribution of
meat types, vegetables, and animal proteins versus
plant proteins in the local diet still differ significantly
from the West. For example, this population has a
high consumption of cruciferous vegetables and soy
foods.®® The meats that are eaten most commonly are
pork and fish rather than beef (unpublished data). In
addition, as more countries experience a similar in-
crease in the incidence of lifestyle-related chronic dis-
eases, such as carcinoma, a study of dietary effects on
colorectal carcinoma in a rapidly developing Asian
population may shed light on the most important
preventive measures that may have an impact on the
rise in incidence of this disease among these popula-
tions.

MATERIALS AND METHODS

Methodology

The case population included Chinese patients with
incident colorectal carcinoma, both male and female,
who were admitted to Singapore General Hospital
(SGH) between October, 1999 and May, 2000. Due to
the small size of the country, there are no geographic
boundaries that limit catchment areas for healthcare
institutions. Public hospitals account for 80% of hos-
pital care, and patients attending SGH, the largest
public hospital, are likely to be representative of pa-
tients with colorectal carcinoma in the country. The
research staff identified eligible patients, explained the
purpose of the study, and invited them to participate.
Patients were interviewed after they signed an in-
formed-consent form.

The control population included a probability
sample of adults from the Singapore population using
two-stage, disproportionate, stratified, random sam-
pling. The sample was drawn from the 1996 Singapore
Parliamentary Electoral Register, which covered the 24
constituencies in the country. We stratified constitu-
encies based on population size in the first stage of the
sampling, so that the largest constituencies would not

be overrepresented in the final sample. Using a table
of random numbers, two constituencies were drawn
from the first category (comprising the smallest con-
stituencies), and one constituency was drawn from
each of the other three categories. In the second stage
of the sampling, a separate sample of equal size was
drawn systematically from the three major ethnic
groups (Chinese, Malay, and Indian) residing in the
selected constituencies. Addresses on the list that
were found to be vacant or demolished or for which
the occupant could not be contacted after three visits
were considered ineligible. The current analysis was
restricted to Chinese respondents only. Like the pa-
tient population, all participants provided informed
consent for the study before the interview.

Data Collection

Personal interviews were conducted with each re-
spondent following a structured questionnaire. The
questionnaire was translated into three languages (En-
glish, Malay, and Mandarin), and interviews were con-
ducted in the respondent’s dominant language. The
interviews took place in the participants’ homes for
99% of the control group. Ninety percent of patients
were interviewed at the hospital, and the remaining
10% of patients were interviewed at home.

The questionnaire elicited information on demo-
graphic variables, family history of colorectal carci-
noma, smoking history, and physical activity in addi-
tion to other factors. Usual physical activity was
assessed with a modified version of the Behavioral
Risk Factor Surveillance System questionnaire'® by
self-reported number of hours, both occupational and
recreational, spent on vigorous, moderate, and light
activity and hours spent sitting and sleeping daily. For
this analysis, the total number of hours spent weekly
in either moderate activity or vigorous activity was
entered as a covariate.

For the diet section of the questionnaire, respon-
dents were asked to indicate their usual frequency of
intake over the last 3 years of a list of food groups (see
Table 1). For each food group, the questionnaire in-
cluded examples of common local foods. Respondents
were asked to select the option that best denoted their
frequency of intake from a list of six options ranging
from not at all, to less than once a month, to daily.
They were then asked to indicate the usual portion
size as a multiple (0.5, 1.0, 1.5, 2.0, etc.) of a standard
portion that was illustrated on a card, which the in-
terviewers carried with them. In the data analysis,
each frequency option was multiplied by a standard-
ized factor to obtain the frequency per year and then
multiplied further by the portion size to obtain por-
tions per year.



TABLE 1
Food Groups in the Questionnaire

Food group Examples

Red meat Pork, beef, lamb, and mutton
Other meat Chicken

Fish and shellfish Fish, prawns, and squid

Soy and legumes
Cruciferous vegetables

Yong tau foo, taupok, and taukwa

Pak choy, choy sum, kai lan, cabbage,
broccoli, and cauliflower

All cruciferous vegetables, kangkong,
spinach, cucumber, all beans, all peas,
corn, carrots, tomatoes, bitter gourd, and
bean sprouts

Sweet drinks, chocolates, and other candies;
traditional sweet desserts

Includes fresh fruit juices

Includes rice porridge and mixed noodle
dishes

All vegetables

Foods high in refined sugar/
sweet desserts

All fruit

Rice, bread, and noodles

We categorized respondents further according to
their intake of each food group using cut-off points
based on tertiles, the median, or the 25th percentile,
according to the distribution of intake in the study
population. For heavily skewed distributions, the me-
dian or 25th percentile was used.

Statistical Analysis

The statistical analysis was performed using SPSS soft-
ware (version 10.0 for Windows; SPSS, Chicago, IL).
Odds ratios (ORs) and 95% confidence intervals
(95%ClIs) were computed using unconditional logistic
regression analysis with potential confounders en-
tered into the model as bivariates. Covariates were
identified as potential confounders if it was known
empirically or shown in the univariate analysis that
they were associated with a risk of colorectal carci-
noma. All P values quoted are two-sided.

RESULTS
Overall, 95% of the patient population (cases) and
75.5% of the control population (controls) agreed to
participate. A further 0.4% of control questionnaires
were incomplete. In total, questionnaire data were
available for 126 Chinese patients with colorectal car-
cinoma and 310 respondents in the control group who
also were Chinese. There was a difference in age dis-
tribution: A significantly larger proportion of the con-
trol group (27.5%) was age < 40 years compared with
the patient group (3.2%). To enhance the comparabil-
ity of cases and controls, the analysis was restricted to
the 121 patients with colorectal carcinoma and the 222
controls who were age = 40 years at the time of the
interview.

The mean age at the time patients were diagnosed

TABLE 2
Demographic Characteristics of Patients with Colorectal Carcinoma
and Population Control Participants

Patients with
colorectal Control participants
carcinoma (n = 121  (n = 222
Characteristic patients) participants)
Age (yrs)
Mean 64.9 56.9
SD 10.1 12.2
Education level (yrs)
Mean 4.9 6.7
SD 4.8 4.8
Gender: No. (%)
Male 56 (46.3) 89 (40.1)
Female 65 (53.7 133 (89.9)
Current residence: No. (%)
1-2 room flat, shop house, etc. 6 (5.0) 17 (7.7)
3-5 room flat 85 (71.4) 133 (60.2)
Executive, private, or landed
property 28 (23.5) 71 (32.1)
Family history of colorectal
carcinoma (first degree relative)
No. (%)
Yes 12 (9.9) 5(23)
No 109 (90.1) 217 (97.7)
Smoked at least 100 cigarettes in
lifetime: No. (%)
Yes 47 (38.8) 61 (27.5)
No 74 (61.2) 161 (72.5)
Usual hours of physical activity
(moderate/vigorous) per week
Mean 30.2 354
SD 19.3 19.4

SD: standard deviation.

with colorectal carcinoma was 65 years. Of the 121
patients, information on tumor site was available for
103 patients (85.1%). The majority of patients (80 pa-
tients; 77.7%) had tumors on the left side, 22 patients
(21.4%) had tumors on the right side, and 1 patient
had tumors in both the transverse colon and the sig-
moid colon at diagnosis. Staging information was
available for 103 patients (85.1%), with the following
stage distribution: 16.8% of patients had Duke Stage A
disease, 24.8% of patients had Duke Stage B disease,
35.6% of patients had Duke Stage C disease, and 22.7%
of patients had Duke Stage D disease.

Table 2 shows the basic sociodemographic char-
acteristics of the study group. On average, the patients
were older and had fewer years of education com-
pared with the control group. The gender distribution
was similar between the patient group and the control
group. Both groups had a comparable distribution of
housing types, an approximate indicator of socioeco-
nomic status.



It is noteworthy that the proportion of patients
with a first-degree relative who was diagnosed with
colorectal carcinoma was 9.9% compared with 2.3%
among the control group. The age-adjusted OR for the
risk of colorectal carcinoma associated with this fam-
ily history was 6.7 (95%ClI, 2.4-18.7), indicating a sig-
nificantly elevated risk.

Respondents with a positive smoking history
comprised 38.8% of the patient group and 27.5% of the
control group. The age-adjusted OR for smoking was
1.5 (95%CI, 0.9-2.5).

We compared the patient group and the control
group with respect to the number of hours spent in
moderate or vigorous activity per week over the past
year. The mean number of hours for the patient group
was lower compared with the control group (P < 0.05).
Because the patients were interviewed very close to
the time of their initial diagnosis of colorectal carci-
noma, this was meant to measure prediagnostic activ-
ity, although the possibility that early preclinical ef-
fects of the disease may have reduced the activity of
these patients should be considered.

Table 3 shows the ORs for colorectal carcinoma by
food group. Dietary intake of red meat showed a sig-
nificant, positive association with the risk of colorectal
carcinoma. Persons in the highest tertile of intake had
a two-fold risk compared with the lowest tertile after
adjustment for age, gender, education, family history,
smoking history, and physical activity (P for trend
< 0.05). There was no correlation between the risk of
colorectal carcinoma and the intake of other meat or
of fish and/or shellfish.

Because more than 67% of respondents reported
consuming vegetables (both cruciferous and all vege-
tables) daily, a cut-off point at the 25th percentile was
used to categorize study participants into a low-intake
group (< 25th percentile) and high-intake group.
Higher total vegetable intake significantly lowered risk
(adjusted OR, 0.6; 95%CI, 0.3-1.0). Conversely, we did
not observe a lowering of risk with higher cruciferous
vegetable intake when this group was considered on
its own.

The intake of fruit and fruit juices did not show an
association with colorectal carcinoma risk in this anal-
ysis. There was also no correlation with tertiles of
soy-legume intake. Foods high in refined sugars in-
cluded sweet beverages and sweet desserts (Table 1)
and the risk associated with the highest tertile of in-
take was 1.6 (95%ClI, 0.9-2.9), which was attenuated to
1.4 (95%CI, 0.8-2.7) after further adjustment for po-
tential confounders.

Although no attempt was made to measure total
energy intake in this study, we elicited intake of rice,
bread, and noodles, which are the main staple foods

TABLE 3
Food Group Intake and Risk of Colorectal Carcinoma among
Singapore Chinese (n = 343 participants)

Food group intake No. of cases/ Adjusted OR Adjusted OR
(portions per yr) controls (95%CI)* (95%CI)°
Meat
Red meat
<39 20/58 L.0° L.0°
39-< 117 34176 1.2 (0.6-2.4) 1.1 (0.5-2.2)
=117 66/82 2.3 (1.2-4.4) 2.2 (1.1-4.2)
Other meat (excluding
fish and shellfish)
<78 43174 1.0 1.0
78-< 234 40/74 1.0 (0.6-1.8) 1.0 (0.6-1.8)
=234 38/67 1.2 (0.7-2.1) 1.2 (0.7-2.1)
Fish and shellfish
<234 37172 1.0 1.0
=234 83/142 1.3 (0.8-2.2) 1.3 (0.8-2.2)
Soy and legumes
<78 25155 1.0 1.0
78-< 234 36/59 1.4 (0.7-2.8) 1.4 (0.7-2.9)
=234 59/99 1.3 (0.7-2.4) 1.3 (0.7-2.4)
Vegetables
All vegetables
=78 47149 1.0 1.0
>78 74/162 050309 06 (03-10)"
Cruciferous vegetables
=234 31/60 1.0 1.0
> 234 90/154 1.2 (0.7-2.1) 1.3 (0.7-2.3)
Tomatoes
<24 27149 1.0 1.0
24-<78 22129 1.3 (0.6-2.9) 1.3 (0.6-3.0)
=78 71/136 1.0 (0.5-1.7) 1.0 (0.5-1.7)
All fruit and juices
<234 41/67 1.0 1.0
234-< 365 24137 1.6 (0.8-3.2) 1.6 (0.8-3.3)
= 365 53/109 1.1 (0.6-1.9) 1.2 (0.7-2.2)
Foods high in refined
sugars
<6 34/60 1.0 1.0
6-< 108 39/87 1.0 (0.5-1.9) 1.0 (0.5-1.9)
=108 44164 1.6 (0.9-2.9) 1.4 (0.8-2.7)

OR: odds ratio; 95%CI: 95% confidence interval.

2 Adjusted for age and family history of colorectal carcinoma.

5 Adjusted for age, family history of colorectal carcinoma, gender, smoking history (ever smoked or
never smoked), years of formal education, and usual number of hours of moderate/vigorous exercise
per week.

© Pvalue for trend < 0.05.

4P <005

consumed in this population and form the major
source of energy. We did not find a material difference
in the risk estimates after adjusting for intake of these
foods.

The effects of red meat intake and vegetable in-
take were considered in combination (Table 4). A sig-
nificant, positive association was observed in respon-
dents in the highest tertile of red meat intake if they
also reported a lower total vegetable intake (OR, 2.6;



TABLE 4
0dds Ratios and 95% Confidence Intervals for the Combined Effect of
Red Meat and Vegetable Intake on the Risk of Colorectal Carcinoma

Red meat intake (portions per year in tertiles)

All vegetable intake
(portions per year) <39 39-< 117 =117
High (> 78)
OR* 1.0 (ref) 0.7 1.9
95%CI — 0.3-1.8 0.8-4.4
Cases/controls 15/46 18/57 40/59
Low (< 78)
OR* 0.9 1.8 2.6
95%CI 0.2-3.8 0.6-5.0 1.0-6.7
Cases/controls 5/9 16/18 26/22

OR: odds ratio; ref: reference group; 95%CIL: 95% confidence interval.
2 Adjusted for age, gender, family history of colorectal carcinoma, smoking history (ever, never), years
of formal education, and usual number of hours of moderate/vigorous exercise per week.

95%CI, 1.0-6.7). For respondents with a similar red
meat intake, the risk was slightly lower if vegetable
intake was higher (OR, 1.9; 95%CI, 0.9-4.4).

DISCUSSION
In summary, our results among Chinese in this pop-
ulation-based case-control study were consistent with
previous studies in other populations showing that
high red meat intake and low vegetable intake confer
a significantly elevated risk of colorectal carcinoma.
We did not observe any effect with intake of other
meats, nor did we see an association with fruit intake.
Although, by considering dietary factors in terms
of food groups rather than individual foods or nutri-
ents, it is not possible to attribute effects to specific
factors or mechanisms, it has the advantage that it can
be translated directly to public health recommenda-
tions. Conversely, the potential limitations of this
study and their bearing on the results should be borne
in mind. Like all questionnaire-based studies, defi-
ciencies in recall on the part of the interviewee may
have resulted in nondifferential misclassification of
respondents with respect to food intake. This is a
conservative bias and may explain why we did not
observe associations with foods like cruciferous vege-
tables that have been shown fairly consistently in
other studies. Due to the retrospective nature of the
current study, some inaccuracies in recall that may
have occurred to different extents between the patient
group and the control group may have led to recall
bias, for example, in the estimation of diet or physical
activity in the past. Because we did not have a mea-
sure of total energy, we were unable to examine the
effect of an overall reduction in dietary intake among

patients compared with controls. However, among the
major findings, it is not likely that increased intake of
red meat among patients can be attributed to this bias.
Finally, the questionnaire was not designed to dis-
criminate among persons with high intake (more than
once per day) of a particular food group; thus, the
exposure of persons in this category may be underes-
timated. In the analysis, the use of tertiles or other
relevant categorizations of intake minimized bias due
to this, but it also limited our ability to examine the
effect of very common foods (e.g., vegetables) in
greater detail.

Dietary intake of red meat (primarily beef) intake
in Western populations has been related to the risk of
colorectal carcinoma in many (but not all) studies,***
and this appears to be independent of its contribution
to total fat or protein content.'® In some studies, a
correlation with total meat or white meat also has
been observed,”!'! and others also found a correlation
with well-done meat,'®'” supporting the view that
mutagens formed during high temperature meat
cooking, such as carcinogenic heterocyclic amines,
may be a plausible mechanism by which risk can be
increased. The red meat consumed in this population
is primarily pork. Although there have been reports of
increased risk with processed pork'®!? when it is ex-
amined separately from fresh meat, the current study
did not collect information on this group of foods.

Vegetable intake may protect against carcinogen-
esis through its antioxidant content or through com-
ponents like isothiocyanates, protease inhibiters, or
fiber, which decreases transit time, lowers pH, and
results in the formation of short-chain fatty acids.*
Their protective effect in colon carcinoma has been
demonstrated in many'®?'** (but not all,**) studies.
In their review of the epidemiologic evidence, Stein-
metz and Potter® pointed out that, among specific
categories of vegetables, cruciferous vegetables have
been most consistently associated with a protective
effect. A previous case-control study in Singapore?®
also found a risk reduction of 50% in the upper tertile,
relative to the lowest tertile, for both cruciferous veg-
etables and total vegetables, and the lack of effect in
the current study is somewhat surprising and is not
explained easily. One possible explanation is that the
current study lacked information on genetic factors
that influence susceptibility, such as factors relating to
metabolic enzymes, which other studies have shown
can modify the effect of isothiocyanates in cruciferae
on the risk of developing malignant disease.®

Several studies have reported a positive correla-
tion with obesity or total energy intake and an inverse
correlation with physical activity.”?” These factors
promote a hyperinsulinaemic state, which, in turn,



increases the bioactivity of insulin-like growth factor 1
(IGF-1). Both insulin and IGF-1 stimulate cell prolif-
eration and inhibit apoptosis, and it is believed that
both are involved in the mechanism by which a pos-
itive energy balance increases the risk of developing
various malignancies.?® In support of this hypothesis,
it was found that levels of IGF-1 and its binding pro-
tein predicted the risk of colorectal carcinoma in pro-
spective studies in the United States.>**° Also in line
with this hypothesis are previous findings of a positive
association between sucrose-rich foods or a high gly-
cemic index with the risk of colorectal carcinoma.?!%
In the current study, there was the suggestion of a
positive correlation, although it was not significant,
with foods that are high in simple sugars.

We did not find an association with soy-legume
intake despite the known anticarcinogenic proper-
ties of these foods*® and the wide range of intake in
this population.® Studies in a low-risk population
have reported an interaction between red meat and
legume intake such that a high meat:legume ratio
confers a higher risk.'' We also examined the ratio
of legume to red meat intake in this study and did
not find a significant association. Possibly, part of
the previously observed effect may have been due to
the high fiber content in other legumes, such as
beans, peas, and lentils. One possible explanation
for the lack of observed effect in this population is
that soy foods, which are lower in fiber compared
with other legumes,®* are a major source of legumes
among Chinese.

The results of the current study demonstrated
that, in this Asian population, the risk of colorectal
carcinoma is associated positively with intake of red
meat, specifically when combined with a low vegeta-
ble intake, in common with risk factors that are iden-
tified most commonly among Western populations.
Our results suggest that further studies on the impact
of specific changes in dietary patterns in these groups
are important to prevent the continued increase in the
incidence of colorectal carcinoma in Asian popula-
tions.
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