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ARTICLE INFO ABSTRACT

Keywords: Background: This study evaluated reproductive factors and obesity in relation to colorectal cancer (CRC) in
Reproductive factors Asian women.
Obesity Methods: The study cohort comprised 28191 women who were recruited between 1994 and 1997. During 18

Colorectal cancer

years of prospective follow-up, 404 and 212 women developed colon cancer (CC) and rectal cancer (RC) re-
Cohort studies

spectively. Cox proportional hazards regression was used.
Results: Menstrual factors were not related to the risk of CRC, CC and RC. Gravidity and parity were not asso-
ciated with CRC or RC, but women who were ever pregnant had a HR of 1.87 (95%CI 1.12-3.14) compared to
those never pregnant, and parous women had a HR of 1.79 (95% CI 1.10-2.92) compared to nulliparous women
for CC. Use of oral contraceptives and hormone replacement therapy were not associated with CRC, CC or RC.
Compared to women with normal BMI, women who were obese had HRs of 1.39 (95%CI 1.12-1.74) and 1.64
(95%CI 1.24-2.16) for CRC and CC respectively. No increased risk was seen for RC. Adjusted for BMI, for colonic
cancer, women in the highest quartile for Waist Circumference had a HR of 2.14 (95%CI 1.42-3.25) compared to
the lowest quartile, for Waist Hip Ratio, a HR of 1.74 (95%CI 1.30-2.34), and for Waist-Height ratio, a HR of
1.80 (1.26-2.57). None of these measures were significantly associated with RC.
Conclusions: Obesity is positively associated with CC but not RC, and abdominal obesity exerts an independent

effect. Reproductive factors had at best a weak effect on CC and RC.

1. Introduction

Colorectal cancer (CRC) is the world’s second most commonly di-
agnosed cancer among females after breast cancer [1,2]. It is estimated
that a person has a 1 in 8 lifetime probability of developing CRC [3].).
Although CRC is not known to have high sensitivity to sex hormones,
several lines of evidence have suggested that estrogen may play a role
in colorectal tumorigenesis. Estrogen Receptor (ER) a and [} are ex-
pressed in both normal colonic tissue and cancerous cells, although ERa
is expressed at low levels, and ERp is the predominant ER in colonic
tissue [4]. The level of expression of ERP is significantly lower in cancer
cells compared to cells in normal colon tissue, and this decrease is
correlated with increasing stage of cancer [5]. The effects of estrogen
are multiple and mediated through both genomic and non-genomic
pathways [6]. Estrogen can have proliferative, oncogenic and angio-
genetic effects, and it is these effects that support its role in sex-
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hormone dependent cancers such as some breast cancers. However,
mouse models of CRC have shown that transfection with ERp resulted
in cell cycle arrest and inhibition of cell proliferation, with reductions
in tumour weight [5]. Clinical trial and observational study data sug-
gest hormone replacement therapy reduces CRC risk [7,8]. Other stu-
dies have suggested that oral contraceptives are similarly associated
with lowered CRC risk [9,10]. The relationship of other reproductive
factors has been inconsistent. For example, parity had an inverse as-
sociation with CRC risk in some studies (which would be consistent
with estrogen as a protective factor) [11-13], but other studies have
reported null effects [9,14], or positive associations [15]. These in-
consistencies could be due to residual confounding from inadequate
adjustment for known risk factors, and differences in populations stu-
died. Further, effect modification by a third factor could also explain
these inconsistent results.

Overall, available evidence suggests that high Body-Mass Index is
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associated with higher CRC risk. The increased risk is seen primarily in
colonic cancer (CC) rather than rectal cancer (RC). However, gender
differences appear to be present, and the evidence for a relationship
between BMI and CC in women is less strong [16]. The effect of other
measures of adiposity is not well-delineated. Other than BMI, measures
such as waist circumference (WC) and Waist Hip Ratio (WHR) correlate
better with visceral fat [17]. Although a recent meta-analysis suggests
that waist circumference and waist hip ratio were positively associated
with both CC and RC [18], a review pointed out that WC and WHR did
not appear to add significantly to the association seen between BMI and
CRC risk, nor was a statistical interaction observed between BMI and
measures of visceral fat in relation to CRC risk [17]. The proposed
mechanisms of action involved in obesity include a) hyperinsulinaemia
associated with high BMI reduces production of binding proteins In-
sulin Growth Factor Binding Proteins IGFBP1 and IGFBP2, resultant
changes in levels of active Insulin Growth Factor 1 (IGF1) activates
Insulin Receptor and IGF1 Receptor signaling, which favour tumour
development and spread; b) adipokine changes in relation to obesity
causes an increase in leptins (pro-inflammatory, mitogenic and anti-
apoptotic) and decrease in adiponectin (anti-inflammatory and se-
questers growth factors) shifts the microenvironment to an in-
flammatory, tumorigenic one; adiposity is also associated with a state of
chronic low-grade inflammation, with increases in levels of C-Reactive
protein, Interleukin (IL) 1-beta, IL-6 and 1L-8; c) sex hormone hypoth-
esis: oestradiol production increases in the presence of adiposity
through increased aromatization in peripheral adipose tissue [17].

It is not clear if the sex hormone hypothesis has a significant effect
in colorectal carcinogenesis, unlike other cancers with well-known sex
hormone sensitivity, as discussed above. Interestingly, a large study of
203,1777 participants in the NIH-AARP Diet and Health Study found
effect modification by HRT use on the relationship between measures of
obesity and CRC risk, in a complex and unexpected fashion, with in-
verse association between waist circumference and CRC, and positive
association between hip circumference and CRC seen only in HRT users
[19].

There hence remains some uncertainty about the effect of obesity
and visceral obesity on CRC risk in women. Further, the effect of re-
productive factors (as proxies for estrogen exposure) in CRC is still not
clear. It is also possible that the relationship between obesity and CRC is
modified by estrogen exposure. Finally, it is well known that obesity in
Asians differ substantially from other racial groups, and that for
equivalent BMI levels, Asians accumulate relatively more visceral fat
[20]. This has resulted in alternative BMI cut-offs being recommended
for Asian populations [20].

In this study, we evaluated female reproductive factors and mea-
sures of obesity, including both BMI and WC, in relation to CRC risk in a
cohort of Asian women originally recruited for a breast cancer
screening study in Singapore, a multi-ethnic South-East Asian city-state
of about 5.5 million people, of which about 74% are Chinese, 13%
Malays and 9% Indians.

2. Materials and methods

This cohort was established between October 1994 and February
1997 as the Singapore Breast Cancer Screening Project (SBCSP), a po-
pulation-based randomized controlled trial of mammography
screening, described in greater detail in a separate published literature
[21]. In summary, the cohort consists of 28,234 women aged between
50 and 64 who participated in mammography screening. Each partici-
pant answered a 15-minute long baseline questionnaire administered
by a trained interviewer. The questionnaire included questions on
ethnicity, highest education level attained, marital status, housing type,
occupational status, family history of breast cancer and smoking habits.
Reproductive factors elicited included age at menarche, menopausal
status, age and type of menopause, pregnancy and delivery history, age
at birth of first child and breastfeeding history and duration, and oral

34

Cancer Epidemiology 58 (2019) 33-43

contraceptive use. Height, weight, hip girth and waist circumference of
participants were measured by a trained interviewer. In order to reduce
error, all measurements (except weight) were performed twice and the
average of the two readings was used for analysis.

The SBCSP cohort data was linked with CRC incidence data ob-
tained from the Singapore Cancer Registry (SCR), and mortality in-
formation from the Registry of Births & Deaths. The SCR has collected
data on all incident cases of cancer in Singapore since 1968. Multiple
sources are used, including notifications by the medical profession,
pathology records, hospital records, and mortality data from the
Registry of Births and Deaths. Since 2007, cancer notifications have
been made compulsory under the National Registry of Diseases Act. To
ensure data accuracy of at least 95% and inter-rater reliability (Kappa
Coefficient) of =75%, a separate team of qualified nurses performs an
annual audit of cancer cases [22]. Reporting of deaths is mandatory in
Singapore.

Incident cases of CC and RC were defined by the International
Classification of Diseases, 9th Edition (ICD-9) codes 153 and 154 re-
spectively. We excluded those who at baseline reported an age that was
less than 50 (n = 3). Women who had been diagnosed with CRC prior to
the initial screening were also excluded from the cohort (n = 40). The
resulting cohort consisted of 28,191 women. During the 18 years of
follow-up, the number of women who developed CC and RC were 404
and 212 respectively. Follow-up time was defined as the time from
recruitment into the SBCSP until date of diagnosis of CRC, date of death
or date of censoring, set at 31 December 2012.

For this study, we calculated reproductive period by subtracting age
at menarche from age at menopause, and lifetime ovulatory cycles by
first subtracting the duration of pregnancies, oral contraceptive use and
breastfeeding from the reproductive period and then multiplying that
figure by 13. We assumed that each participant woman had 13 men-
strual cycles per year with an average cycle length of 28.1 days. Body
mass index (BMI) was calculated using weight measured in kilo-
grammes divided by the square of the height in metres, and stratified
into four categories based on the cut-off points recommended by the
World Health Organization (WHO) for Asian populations [20]. The cut-
offs were: < 18.5 kg/m2 for underweight, 18.5- < 23 kg/m2 for normal
weight, 23- < 27.5kg/m2 for overweight, and 27.5kg/m2 or greater
for obese. Waist-hip ratio (WHR) was calculated by dividing waist
circumference over hip girth. A WHR of 0.85 or greater was used as a
cut-off for defining abdominal obesity. [23]. Waist-height ratio (WHtR)
was calculated by dividing waist circumference over height, and 0.5 or
greater was used to define central obesity [24,25]. Further, participants
were ranked for these estimates and divided into quartiles.

Standard descriptive statistics were used to summarise the cohort
characteristics, including Pearson 2 test for categorical variables, and
Student’s t-test for continuous variables. A Cox proportional hazards
regression model was used to estimate the hazard ratios (HRs) and their
95% confidence intervals (CIs) in multivariable analyses. Variables
considered a priori as important potential confounders were added to
the model. These include: age at baseline (continuous), highest edu-
cation level (no formal education, primary and secondary, tertiary and
above), body mass index (continuous), race (Chinese, Malay, Indian,
Others), smoking status (non-smoker, ex-smoker, regular smoker).
Missing data were coded into a separate “missing” category for ad-
justment variables. Tests for trend were performed by entering the
exposure of interest as a continuous linear term in the model. All p
values calculated are 2-tailed, and significance was setatp < 0.05. All
analyses were performed using STATA version 11.0 (STATA Corp.,
Texas, USA) [26]. Written consent was obtained from all participants in
the SBCSP, and ethics approval for this study was obtained prior to data
linkage and analyses.

3. Results

A total of 28,191 women contributed 454,249 person-years of
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follow-up time. 616 of these women were subsequently diagnosed with
CRC - 404 had colonic cancer and 212 had RC. Baseline characteristics
for all study participants are presented in Table 1. During the period
under study, the incidence rate of CRC was 135.61 per 100,000 person-
years. The proportion of Chinese was higher among CRC cases
(90.42%) compared to non-cases (84.05%). CRC cases also had a higher
percentage of women with no formal education (67.05% versus
61.00%) and a higher average age (59.04 versus 57.89 years). The
proportion of non-smokers was higher among non-cases (94.54%)
compared to cases (92.21%). Among ex-smokers and regular smokers,
the average number of cigarettes smoked per day was higher among
cases (10.33) than non-cases (9.23). The difference between CRC cases
and non-cases was not statistically different for BMI. Compared to non-
cases, CRC cases had a higher waist circumference (82.56 cm versus
81.07 cm), a higher waist-hip ratio (0.83 versus 0.82) and a higher
waist-height ratio (0.36 versus 0.35).

Table 2 summarises baseline reproductive factors. 89.56% of the
study population were postmenopausal, and the majority had natural
menopause rather than surgically or chemically induced ones. Slightly
more than one-third (37.97%) used Oral Contraceptives (OC), while
13.31% reported ever using Hormone Replacement Therapy (HRT).
92.74% of the population were pregnant before and 92.1% had deliv-
ered at least 1 child. CRC cases in this study were found to have a higher
average number of pregnancies (4.65 versus 4.33) and higher number
of deliveries (4.27 versus 4.06).

Table 3 shows the association of several reproductive variables on
the risk of CRC, CC and RC. Menstrual factors such as age at menarche,
status and age at menopause, reproductive years and number of ovu-
latory cycles were not associated with CRC, CC and RC. Gravidity and
parity were not associated with CRC or RC, but women who were ever
pregnant had a HR of 1.87 (95%CI 1.12-3.14) compared to those never
pregnant, and parous women had a HR of 1.79 (95% CI 1.10-2.92)
compared to nulliparous women for CC. For every unit increase in
pregnancy, the risk of having CC increased by 4% (95% CI: 1.00-1.09;
p-value = 0.04), while every additional delivery increased CC risk by a
similar amount. Examination of the data suggests a possible threshold
at 2 or more deliveries, as the HRs for 2,3,4,5 and 6 or more are rela-
tively similar. The number of miscarriages, age at first and last delivery,
as well as breastfeeding history and duration were not associated with
risk of CRC, CC and RC. No relationship was observed between CRC and
the use of exogenous reproductive hormones such as oral contra-
ceptives (OC) and hormone replacement therapy (HRT).

Table 4 shows the association of measures of obesity with CRC, CC
and RC. Compared to women with normal BMI, women who were obese
had HRs of 1.39 (95%CI 1.12-1.74) and 1.64 (95%CI 1.24-2.16) for
CRC and CC respectively. Adjusted for BMI, women in the highest
quartile for Waist Circumference had HRs of 1.62 (95%CI 1.17-2.25)
and 2.14 (95%CI 1.42-3.25) for CRC and CC respectively compared to
the lowest quartile, for Waist Hip Ratio (WHR), HRs of 1.44 (1.14-1.83)
and 1.74 (95%CI 1.30-2.34) for CRC and CC respectively, and for
Waist-Height Ratio (WHtR), HRs of 1.57 (1.13-2.17) and 1.80
(1.26-2.57) respectively for CRC and CC. Using a cut-off of > 0.85,
women with a high WHR had 1.33 (95%CI 1.12-1.57) and 1.50
(1.22-1.84) the hazards of CRC and CC respectively compared to
women with normal WHR, while women with high WHtR (> 0.5) had
HRs of 1.30 (95% CI 1.07-1.57) and 1.66 (95%CI 1.30-2.12) for CRC
and CC respectively. Every 1 cm increase in waist circumference was
associated with a 2% and 3% increase in risk for CRC and CC respec-
tively. None of these measures of abdominal obesity were significantly
associated with RC.

4. Discussion
In this study, we find that reproductive factors and breastfeeding do

not appear to be significant risk factors of CRC, CC and RC. Similar to
many studies, we show that high BMI using Asian-specific cut-offs is
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associated with increased risk of CRC, and specifically of CC, but not
RC. We further find that measures of abdominal obesity are in-
dependently associated with CRC and CC, but not RC.

Investigations into the relationship between reproductive factors
and CRC risk have centred on the role of estrogen exposure as a possible
protective factor. We did not find a protective effect of HRT or OC use,
and a longer reproductive period was also not protective. In contrast,
we found that parity and gravidity were associated with increased risk
of CC (but not RC). No clear dose-response relationship was seen.

Our results for HRT and OC are not consistent with results from
other prospective cohort studies [7-10]. It should be noted that only
about 12-13% of our study population ever used HRT, and about one-
third used OC. Further, studies of HRT and OC are complicated by
different formulations of these compounds over time and in different
countries.

Some prospective studies, including Women’s Health Initiative
(WHI) observational study [12] and NIH-AARP [13], have reported
protective effects of parity on CC, suggesting that oestrone, the major
estrogen form in pregnancy may be the causative agent as it has anti-
proliferative effects. Our results are not consistent with these findings.
In the WHI study, parity was borderline protective, but there was no
dose-response effect, although similar hazard ratios were seen at 2, 3 or
4 or more children leading the authors to suggest the presence of a
threshold effect. Having 2 or more children was protective with a HR of
0.8 compared to nulliparous women in their study. (Similarly, no dose-
response effect as seen for OC use.) It should be noted however, that it is
not clear that oestrone is protective as a study from the New York
University Women’s Health Study reported that oestrone levels were
positively associated with CRC risk [27].

Early age at menarche and late age at menopause were associated
with higher CRC risk in both the WHI and NIH-AARP studies, and early
age at menarche in a Japanese cohort study [24]; these results suggest
that a longer reproductive period (and hence higher estrogen exposure)
increases CRC risk. In contrast, we find that age at menarche, age at
menopause, total reproductive period and estimated ovulatory cycles
were all not associated with CRC. A meta-analysis of 22 observation
studies suggested that age at menarche was not associated with risk of
CRC [28]. The effect of age at menopause has also been difficult to tease
out. Null findings were reported in the Japanese cohort [14] and other
studies [29,30], including one that used Mendelian randomization to
reduce confounding, consistent with our results, but in contrast to the
studies described above.

Explanations for these differences include: differences in study po-
pulations, differing formulations of HRT and OC, and the possibility of
unmeasured confounding. For example, Asian populations (including
ours) consume soy products at a much higher frequency than in non-
Asian populations, and phytoestrogens in soy products are postulated to
have estrogenic effects at the cellular level.

Similar to the majority of published studies and several published
meta-analyses [31-33], we find a positive association between BMI and
CRC, and with a much stronger effect on CC than RC (in our case, BMI
was not associated with RC risk). Larsson et al [31] in a meta-analysis of
31 studies, estimated a 12% increased risk of CC (95% CI: 1.07-1.18)
for every 5kg m~? increase in women while RC was shown to be sta-
tistically insignificant (RR: 1.03; 95% CI: 0.99-1.08), similar to our
findings. It should be noted that in our study, we used Asian-specific
cut-offs, which used lower BMI levels for cut-offs.

Unlike BMI, the association between central obesity (as measured
by indicators such as WC, WHR and WHtR) has not been as consistent.
A recent systematic review suggests that measures of abdominal obesity
did not add significantly to risk estimates above that provided by BMI
[17]. Our study however suggests that abdominal obesity is in-
dependently important beyond BMI, and indeed all 3 measures of ab-
dominal obesity (WC, WHR and WHtR) were positively associated with
CRC risk after adjustment with BMI, in a strong dose-response fashion.
This increased risk was seen entirely in CC but not RC. A large
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Table 3
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Crude and multivariate adjusted HRs and 95% confidence intervals for reproductive-related exposure variables and risk of colorectal, colon and rectal cancer.

Exposure Variable

Colorectal Cancer

Colon Cancer

Rectal Cancer

Number of Cases

Crude HR

Adjusted HR'

Crude HR

Adjusted HR'

Crude HR

Adjusted HR'

Age at menarche (years)
Continuous

< 12

13-14

15-16

> 17

Menopausal Status
Premenopausal
Postmenopausal

Age at menopause (years)”
Continuous

< 48

49 - 50

51 - 52

> 53

Type of Menopause

Natural

Hysterectomy

Reproductive Period (Years)
Continuous

< 33

34-36

37 -39

> 40

Ovulatory Cycle
Continuous

< 318

319 - 385

386 - 437

> 438

Ever Pregnant
Yes
No (Nulligravid)
Number of pregnancies
Continuous
Nulligravid
1-3
4-6
7-9
> 10

Ever Delivered

Yes

No (Nulliparous)
Number of deliveries
Continuous
Nulliparous

U A WN -

92
212
217
95

Pirena

48
568

133
91
149

Pirena

407
70

Pirend

157
138
141
100

Prrend

581
35

35
187
262

27
Pirena

577
39

39
23
103
118
109
74
150
Prrend

Number of miscarriage / abortion

Continuous

Age at first delivery (years)
Continuous

< 19

20 -24

25-29

> 30

345
134
63
36
Ptrend

107
256
150
64
Pirend

1.05 (1.01 - 1.09)
1.00 (Reference)
1.09 (0.85 - 1.39)
1.20 (0.94 - 1.53)
1.26 (0.95 - 1.68)
0.06

1.00 (Reference)
1.45 (1.07 - 1.94)

1.01 (0.99 - 1.03)
1.00 (Reference)
0.93 (0.75 - 1.16)
0.80 (0.62 - 1.03)
1.13 (0.91 - 1.40)
0.56

1.00 (Reference)
0.97 (0.76 - 1.26)

1.00 (0.93 - 1.02)
1.00 (Reference)
0.88 (0.71 - 1.09)
0.93 (0.75 - 1.15)
1.09 (0.85 - 1.40)
0.71

1.00 (0.99 - 1.00)
1.00 (Reference)
0.85 (0.67 - 1.06)
0.88 (0.70 - 1.11)
0.82 (0.64 - 1.06)
0.17

1.31 (0.93 - 1.85)
1.00 (Reference)

1.06 (1.02 - 1.09)
1.00 (Reference)
1.18 (0.82 - 1.69)
1.32 (0.93 - 1.88)
1.53 (1.05 - 2.25)
1.67 (1.01 - 2.77)
< 0.01

1.28 (0.92 - 1.77)
1.00 (Reference)

1.06 (1.03 - 1.10)
1.00 (Reference)
0.84 (0.50 - 1.41)
1.26 (0.87 - 1.83)
1.12 (0.78 - 1.61)
1.29 (0.90 - 1.86)
1.31 (0.89 - 1.93)
1.56 (1.10 - 2.22)
< 0.01

1.04 (0.96 - 1.13)
1.00 (Reference)
0.92 (0.76 - 1.13)
1.07 (0.81 - 1.39)
1.27 (0.90 - 1.78)
0.36

0.99 (0.97 - 1.01)
1.00 (Reference)
1.07 (0.86 - 1.35)
0.89 (0.70 - 1.14)
0.88 (0.65 - 1.20)
0.15

0.99 (0.94 - 1.03)
1.00 (Reference)
0.95 (0.74 - 1.21)
0.92 (0.74 - 1.21)
0.86 (0.64 — 1.16)
0.34

1.00 (Reference)
0.97 (0.71 - 1.34)

1.01 (0.99 - 1.02)
1.00 (Reference)
0.93 (0.74 - 1.17)
0.79 (0.61 - 1.03)
1.08 (0.86 - 1.34)
0.82

1.00 (Reference)
1.03 (0.80 - 1.33)

1.00 (0.99 - 1.02)
1.00 (Reference)
0.91 (0.73 - 1.13)
1.00 (0.80 - 1.24)
1.12 (0.87 - 1.44)
0.42

1.00 (1.00 - 1.00)
1.00 (Reference)
0.89 (0.70 - 1.12)
0.97 (0.76 - 1.22)
0.93 (0.72 - 1.21)
0.75

1.21 (0.86 - 1.70)
1.00 (Reference)

1.02 (0.99 - 1.05)
1.00 (Reference)
1.20 (0.84 - 1.73)
1.21 (0.85 - 1.73)
1.21 (0.81 - 1.79)
1.22 (0.72 - 2.04)
0.54

1.17 (0.84 - 1.62)
1.00 (Reference)

1.02 (0.98 - 1.06)
1.00 (Reference)
0.83 (0.50 - 1.39)
1.32 (0.91 - 1.91)
1.12 (0.78 - 1.62)
1.18 (0.82 - 1.71)
1.13 (0.76 - 1.67)
1.22 (0.84 - 1.76)
0.34

1.02 (0.94 - 1.11)
1.00 (Reference)
0.91 (0.75 - 1.11)
1.03 (0.79 - 1.35)
1.16 (0.82 - 1.64)
0.67

1.00 (0.98 - 1.02)
1.00 (Reference)
1.03 (0.81 - 1.30)
0.95 (0.72 - 1.27)
0.95 (0.66 - 1.36)
0.63
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1.03 (0.98 - 1.09)
1.00 (Reference)
1.07 (0.80 - 1.45)
1.19 (0.88 - 1.60)
1.11 (0.77 - 1.59)
0.36

1.00 (Reference)
1.48 (1.02 - 2.13)

0.99 (0.97 - 1.02)
1.00 (Reference)
0.81 (0.62 - 1.06)
0.62 (0.45 - 0.86)
1.04 (0.81 - 1.35)
0.73

1.00 (Reference)
1.06 (0.79 - 1.44)

0.99 (0.97 - 1.01)
1.00 (Reference)
0.83 (0.64 - 1.08)
0.76 (0.58 — 1.00)
1.05 (0.78 - 1.43)
0.61

1.00 (1.00 - 1.00)
1.00 (Reference)
0.88 (0.67 - 1.16)
0.88 (0.67 — 1.16)
0.69 (0.50 - 0.95)
0.03

2.05 (1.23 - 3.44)
1.00 (Reference)

1.08 (1.04 - 1.12)
1.00 (Reference)
1.76 (1.03 - 3.01)
2.10 (1.24 - 3.56)
2.56 (1.47 — 4.46)
2.18 (1.07 - 4.46)
< 0.01

1.97 (1.21 - 3.20)
1.00 (Reference)

1.08 (1.04 - 1.13)
1.00 (Reference)
1.42 (0.73 - 2.79)
1.69 (0.99 - 2.89)
1.78 (1.06 - 3.01)
1.96 (1.15 - 3.32)
2.15 (1.25 - 3.72)
2.47 (1.48 - 4.12)
< 0.01

1.08 (0.98 - 1.18)
1.00 (Reference)
0.96 (0.75 - 1.22)
0.97 (0.69 - 1.37)
1.60 (1.09 - 2.34)
0.16

0.99 (0.97 - 1.01)
1.00 (Reference)
1.17 (0.89 - 1.55)
0.86 (0.63 - 1.18)
0.94 (0.64 - 1.37)
0.19

0.97 (0.91 - 1.02)
1.00 (Reference)
0.92 (0.68 - 1.24)
0.89 (0.65 - 1.21)
0.72 (0.49 - 1.05)
0.11

1.00 (Reference)
0.97 (0.65 - 1.43)

0.99 (0.97 - 1.01)
1.00 (Reference)
0.81 (0.61 - 1.07)
0.63 (0.45 - 0.87)
0.97 (0.75 - 1.27)
0.45

1.00 (Reference)
1.14 (0.84 - 1.55)

1.00 (0.97 - 1.02)
1.00 (Reference)
0.86 (0.66 — 1.12)
0.83 (0.63 - 1.10)
1.09 (0.80 - 1.48)
0.96

1.00 (1.00 - 1.00)
1.00 (Reference)
0.93 (0.70 - 1.23)
0.97 (0.73 - 1.29)
0.79 (0.57 - 1.10)
0.26

1.87 (1.12 - 3.14)
1.00 (Reference)

1.04 (1.00 - 1.09)
1.00 (Reference)
1.80 (1.05 - 3.09)
1.92 (1.13 - 3.27)
1.98 (1.13 - 3.49)
1.55 (0.74 - 3.22)
0.17

1.79 (1.10 - 2.92)
1.00 (Reference)

1.04 (0.99 - 1.09)
1.00 (Reference)
1.41 (0.72 - 2.76)
1.76 (1.03 - 3.02)
1.80 (1.06 - 3.03)
1.79 (1.05 - 3.06)
1.85 (1.07 - 3.22)
1.92 (1.13 - 3.26)
0.03

1.05 (0.96 - 1.16)
1.00 (Reference)
0.95 (0.74 - 1.21)
0.93 (0.66 — 1.32)
1.44 (0.98 - 2.10)
0.36

1.00 (0.98 - 1.03)
1.00 (Reference)
1.13 (0.84 - 1.51)
0.95 (0.67 - 1.35)
1.05 (0.68 - 1.62)
0.80

1.07 (1.00 - 1.15)
1.00 (Reference)
1.11 (0.73 - 1.71)
1.22 (0.80 - 1.86)
1.59 (0.99 - 2.56)
0.05

1.00 (Reference)
1.39 (0.85 - 2.29)

1.04 (1.00 - 1.07)
1.00 (Reference)
1.24 (0.85 - 1.82)
1.25 (0.83 - 1.88)
1.34 (0.91 - 1.97)
0.14

1.00 (Reference)
0.80 (0.50 - 1.29)

1.02 (0.99 - 1.05)
1.00 (Reference)
1.00 (0.67 - 1.46)
1.32 (0.92 - 1.90)
1.18 (0.75 - 1.85)
0.18

1.00 (1.00 - 1.00)
1.00 (Reference)
0.77 (0.51 - 1.17)
0.89 (0.59 - 1.33)
1.12 (0.74 - 1.68)
0.55

0.76 (0.47 — 1.20)
1.00 (Reference)

1.01 (0.95 - 1.06)
1.00 (Reference)
0.74 (0.45 - 1.22)
0.73 (0.45 - 1.19)
0.76 (0.43 - 1.34)
1.29 (0.63 - 2.64)
0.79

0.75 (0.48 — 1.16)
1.00 (Reference)

1.02 (0.96 - 1.08)
1.00 (Reference)
0.39 (0.16 - 0.96)
0.94 (0.56 - 1.57)
0.61 (0.36 - 1.03)
0.78 (0.46 — 1.32)
0.66 (0.36 - 1.19)
0.86 (0.52 - 1.43)
0.93

0.97 (0.83 - 1.13)
1.00 (Reference)
0.85 (0.60 - 1.21)
1.25 (0.81 - 1.92)
0.62 (0.27 - 1.41)
0.69

0.99 (0.96 - 1.02)
1.00 (Reference)
0.90 (0.61 - 1.33)
0.94 (0.62 - 1.42)
0.78 (0.45 - 1.34)
0.50

1.02 (0.96 - 1.10)
1.00 (Reference)
1.01 (0.65 - 1.55)
0.99 (0.64 - 1.55)
1.18 (0.71 - 1.95)
0.57

1.00 (Reference)
0.99 (0.58 - 1.68)

1.04 (1.00 - 1.07)
1.00 (Reference)
1.27 (0.84 - 1.92)
1.26 (0.81 - 1.96)
1.37 (0.92 - 2.06)
0.14

1.00 (Reference)
0.80 (0.50 - 1.29)

1.02 (0.99 - 1.06)
1.00 (Reference)
1.01 (0.69 - 1.48)
1.39 (0.96 - 2.00)
1.18 (0.75 - 1.85)
0.15

1.00 (1.00 - 1.00)
1.00 (Reference)
0.80 (0.52 - 1.21)
0.95 (0.63 - 1.43)
1.23 (0.80 - 1.89)
0.31

0.71 (0.45 - 1.13)
1.00 (Reference)

0.97 (0.92 - 1.03)
1.00 (Reference)
0.75 (0.46 - 1.24)
0.68 (0.41 - 1.12)
0.62 (0.34 - 1.12)
0.99 (0.47 - 2.09)
0.40

0.70 (0.44 — 1.09)
1.00 (Reference)

0.98 (0.92 - 1.04)
1.00 (Reference)
0.39 (0.16 — 0.95)
0.98 (0.58 - 1.64)
0.61 (0.36 — 1.04)
0.71 (0.42 - 1.22)
0.57 (0.31 - 1.05)
0.67 (0.39 - 1.15)
0.20

0.96 (0.82 - 1.12)
1.00 (Reference)
0.85 (0.60 — 1.21)
1.22 (0.79 - 1.88)
0.59 (0.26 - 1.35)
0.59

1.00 (0.96 - 1.03)
1.00 (Reference)
0.84 (0.56 — 1.26)
0.95 (0.59 - 1.52)
0.77 (0.42 - 1.44)
0.63

(continued on next page)



T.S.-H. Wong et al.

Table 3 (continued)
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Exposure Variable Colorectal Cancer

Colon Cancer

Rectal Cancer

Number of Cases

Crude HR

Adjusted HR"

Crude HR

Adjusted HR"

Crude HR

Adjusted HR'

History of Breastfeeding”

Yes 399

No 178
Total Duration of Breastfeeding (years)”
Continuous

1.00 (0.84 - 1.19)
1.00 (Reference)

1.00 (0.98 - 1.03)

0.96 (0.80 - 1.15)
1.00 (Reference)

0.99 (0.96 — 1.02)

No Breastfeeding 178 1.00 (Reference) 1.00 (Reference)

<1 167 0.94 (0.76 - 1.17)  0.94 (0.76 - 1.17)

2-3 93 1.03 (0.80 - 1.33) 0.98 (0.76 - 1.26)

> 4 124 1.12 (0.89 - 1.41) 1.00 (0.78 - 1.28)
Pirend 0.29 0.99

Use of OC

Yes 217 0.88 (0.75-1.04) 0.95(0.81 -1.13)

No 399 1.00 (Reference) 1.00 (Reference)

Age started using OC (years)

Continuous 1.02 (0.99 - 1.05)  0.99 (0.96 - 1.03)

< 24 29 1.00 (Reference) 1.00 (Reference)

25-29 84 1.04 (0.68 — 1.59) 0.97 (0.63 - 1.48)

30-34 74 1.18 (0.77 - 1.81)  0.95 (0.61 - 1.47)

> 35 30 1.32 (0.79 - 2.19)  0.94 (0.55 - 1.62)
Pirend 0.20 0.80

Duration of using OC (years)

Continuous 1.00 (0.99 - 1.01) 1.00 (1.00 - 1.00)

No OC 399 1.00 (Reference) 1.00 (Reference)

< 2 121 0.88 (0.72-1.08) 0.96 (0.78 - 1.19)

> 2 95 0.87 (0.69 - 1.09) 0.93 (0.74 - 1.17)
Pirend 0.14 0.51

Use of HRT

Yes 72 0.84 (0.65 - 1.07)  0.98 (0.76 — 1.26)

No 544 1.00 (Reference) 1.00 (Reference)

Duration of using HRT (years)

Continuous 1.00 (1.00 - 1.00) 1.00 (1.00 - 1.00)

No HRT 544 1.00 (Reference) 1.00 (Reference)

<1 27 0.71 (0.48 -1.05) 0.82 (0.56 - 1.21)

> 1 45 0.94 (0.69-1.27) 1.11 (0.82 - 1.52)
Prrend 0.31 0.79

1.00 (0.81 - 1.25)
1.00 (Reference)

1.00 (0.97 - 1.03)
1.00 (Reference)
0.97 (0.75 - 1.26)
1.07 (0.79 - 1.45)
1.11 (0.84 - 1.48)
0.39

0.85 (0.69 — 1.04)
1.00 (Reference)

1.03 (0.99 - 1.06)
1.00 (Reference)
1.10 (0.64 - 1.90)
1.41 (0.82 - 2.42)
1.35 (0.70 - 2.62)
0.16

1.00 (1.00 - 1.00)
1.00 (Reference)
0.85 (0.66 — 1.10)
0.82 (0.62 - 1.09)
0.11

0.89 (0.66 - 1.20)
1.00 (Reference)

1.00 (0.99 - 1.00)
1.00 (Reference)
0.81 (0.51 - 1.27)
0.96 (0.66 — 1.39)
0.59

0.95 (0.76 - 1.19)
1.00 (Reference)

0.98 (0.95 - 1.02)
1.00 (Reference)
0.98 (0.75 - 1.26)
1.01 (0.74 - 1.37)
0.99 (0.73 - 1.34)
0.98

0.92 (0.75 - 1.14)
1.00 (Reference)

1.00 (0.96 - 1.04)
1.00 (Reference)
1.04 (0.60 - 1.79)
1.13 (0.64 - 2.00)
0.95 (0.47 - 1.90)
0.95

1.00 (1.00 - 1.00)
1.00 (Reference)
0.94 (0.73 - 1.21)
0.89 (0.67 - 1.18)
0.38

1.08 (0.79 - 1.47)
1.00 (Reference)

1.00 (0.99 - 1.00)
1.00 (Reference)
0.96 (0.61 — 1.51)
1.18 (0.80 - 1.73)
0.49

0.99 (0.73 - 1.35)
1.00 (Reference)

1.01 (0.97 - 1.06)
1.00 (Reference)
0.88 (0.61 - 1.28)
0.97 (0.62 - 1.51)
1.13 (0.76 - 1.68)
0.52

0.94 (0.71 - 1.25)
1.00 (Reference)

1.01 (0.96 - 1.06)
1.00 (Reference)
0.96 (0.49 - 1.86)
0.84 (0.42 - 1.70)
1.27 (0.57 - 2.82)
0.78

1.00 (1.00 - 1.00)
1.00 (Reference)
0.94 (0.66 - 1.32)
0.96 (0.66 - 1.39)
0.74

0.73 (0.47 - 1.41)
1.00 (Reference)

1.00 (1.00 - 1.01)
1.00 (Reference)
0.53 (0.25 - 1.13)
0.90 (0.53 - 1.51)
0.33

0.96 (0.70 - 1.31)
1.00 (Reference)

1.00 (0.95 - 1.05)
1.00 (Reference)
0.88 (0.60 - 1.28)
0.92 (0.58 - 1.45)
1.02 (0.66 - 1.57)
0.95

1.01 (0.76 - 1.35)
1.00 (Reference)

0.98 (0.93 - 1.04)
1.00 (Reference)
0.88 (0.45 - 1.71)
0.68 (0.33 - 1.40)
0.94 (0.40 - 2.22)
0.61

1.00 (1.00 - 1.00)
1.00 (Reference)
1.01 (0.72 - 1.44)
1.02 (0.70 - 1.49)
0.90

0.81 (0.51 - 1.28)
1.00 (Reference)

1.00 (1.00 - 1.01)
1.00 (Reference)
0.58 (0.27 — 1.25)
0.99 (0.58 - 1.71)
0.62

1 Adjusted for age at baseline (continuous), housing type (HDB [1-3 rooms], HDB [= 4 rooms], private housing), body mass index (continuous), race (Chinese,

Malay, Indian, Others).
2 Additionally adjusted for number of pregnancies and age at first delivery.

prospective study in Europe reported that waist-circumference and
waist-hip ratio were associated with CC but not RC [34], similar to our
study, as did a prospective study in China [35]. A pooled analysis of
older adults in Europe reported abdominal obesity measures were sig-
nificantly associated with CRC [36], while a prospective study con-
ducted in the United States [37] showed central obesity was associated
with CC. This last study, using the Framingham cohort, suggested that
waist circumference was a more significant predictor than BMI.

Overall, our results showing a null association of reproductive fac-
tors with CRC might indicate that the sex hormone hypothesis is a less
likely explanation for the role of obesity in CRC. The positive associa-
tion of abdominal obesity with CRC may provide support for the theory
that adipokines and subclinical chronic inflammation (both of which
are mediated by visceral fat) play a role in colonic carcinogenesis.

The major strengths of our study are its large sample size and long
duration of follow-up of this cohort. The comprehensive system of the
cancer registration in Singapore and the standardized case confirmation
procedure ensured that only incident colorectal cases were included in
this study. Further measurements of height, weight and measures of
abdominal obesity were performed by trained interviewers, and not
from self-reports.

Limitations of our study include self-reporting of reproductive
variables, which could not be verified with clinical or administrative
records. In addition, additional relevant information such as family
history of colorectal cancer and use of fertility treatments were also not
ascertained. Further, women in this cohort lived through a period of
major changes in lifestyle as Singapore transitioned from a less
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developed economy into a developed one, with significant social
changes related to lifestyle such as reductions in physical activity and
changes in diet. As dietary history and physical activity were not cap-
tured in this study, confounding from these factors are possible.

Finally, false positives due to testing of multiple exposures with the
outcome of interest, and false negatives due to insufficient power as a
consequence of multiple variable adjustments could have occurred. We
believe that the former is less likely as the positive associations we
found appear to be consistent and internally coherent (for example, the
positive association of BMI as a continuous measure, and as a catego-
rical variable). The latter could have occurred in particular for RC, as
the numbers of RC cases is relatively low, and some confidence inter-
vals were very wide.

In conclusion, our study shows that obesity is positively related to
CC but not RC risk. In addition, abdominal obesity appears to exert an
independent effect. Reproductive factors in contrast were not asso-
ciated with CC or RC, and only parity and gravidity were found to be
risk-conferring.
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Table 4
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Crude and multivariate adjusted HRs and 95% confidence intervals for obesity and risk of colorectal, colon and rectal cancer.

Exposure Variable

Colorectal Cancer

Colon Cancer

Rectal Cancer

Number of Cases

Crude HR

Adjusted HR'

Crude HR

Adjusted HR'

Crude HR

Adjusted HR'

Body Mass Index

Continuous 1.01 (0.99 - 1.02) 1.01 (1.00 - 1.01)

Underweight 27 1.10 (0.74 - 1.65)  1.06 (0.70 - 1.59)

Normal 172 1.00 (Reference) 1.00 (Reference)

Overweight 260 1.11 (0.92-1.35) 1.11 (0.92 - 1.35)

Obese 157 1.31 (1.05-1.63) 1.39(1.12-1.74)
Pirend 0.02 0.010

Waist Circumference (cm)?

Continuous 1.02 (1.01 - 1.02) 1.02 (1.01 - 1.03)

< 741 123 1.00 (Reference) 1.00 (Reference)

74.1 - 80.1 141 1.15 (0.90 - 1.46)  1.14 (0.88 - 1.47)

80.2-87.1 168 1.40 (1.11 -1.77) 1.38 (1.05 - 1.81)

> 87.2 184 1.60 (1.27 - 2.01) 1.62 (1.17 - 2.25)
Piend < 0.01 < 0.01

Waist-Hip Ratio”

Recommended Cut-Off

< 0.85 396 1.00 (Reference) 1.00 (Reference)

> 0.85 220 1.43(1.21-1.69) 1.33(1.12-1.57)

Quartile

< 0.77 122 1.00 (Reference) 1.00 (Reference)

0.77 - 0.80 137 1.14 (0.89 - 1.45) 1.08 (0.84 - 1.38)

0.81 - 0.86 174 1.52(1.20 - 1.91) 1.39 (1.10 - 1.75)

> 0.87 183 1.62 (1.28 - 2.03) 1.44 (1.14-1.83)
Piend < 0.01 < 0.01

Waist-Height Ratio”

Recommended Cut-Off

< 0.5 178 1.00 (Reference) 1.00 (Reference)

> 0.5 438 1.39 (1.17 - 1.66)  1.30 (1.07 - 1.57)

Quartile

< 0.48 123 1.00 (Reference) 1.00 (Reference)

0.48 - 0.51 139 1.17 (0.92 - 1.49)  1.15 (0.89 - 1.48)

0.52 - 0.57 172 1.44 (1.14-1.81) 1.38 (1.05-1.80)

> 0.88 182 1.58 (1.26 - 1.99) 1.57 (1.13 - 2.17)
Piend < 0.01 < 0.01

1.01 (1.00 - 1.02)
1.16 (0.70 - 1.94)
1.00 (Reference)
1.25 (0.98 - 1.59)
1.52 (1.16 - 1.99)
< 0.01

1.02 (1.01 - 1.03)
1.00 (Reference)
1.44 (1.05 - 1.98)
1.78 (1.31 - 2.40)
2.09 (1.56 — 2.82)
< 0.01

1.00 (Reference)
1.62 (1.32 - 1.98)

1.00 (Reference)
1.21 (0.89 - 1.66)
1.70 (1.27 - 2.29)
1.97 (1.48 - 2.62)
< 0.01

1.00 (Reference)
1.77 (1.41 - 2.22)

1.00 (Reference)
1.34 (0.98 - 1.83)
1.77 (1.32 - 2.37)
1.88 (1.40 - 2.52)
< 0.01

1.01 (1.00 - 1.02)
1.09 (0.65 - 1.83)
1.00 (Reference)
1.26 (0.98 - 1.60)
1.64 (1.24 - 2.16)
< 0.01

1.03 (1.01 - 1.05)
1.00 (Reference)
1.44 (1.03 - 2.00)
1.76 (1.24 - 2.49)
2.14 (1.42 - 3.25)
< 0.01

1.00 (Reference)
1.50 (1.22 - 1.84)

1.00 (Reference)
1.14 (0.83 - 1.56)
1.54 (1.15 - 2.08)
1.74 (1.30 - 2.34)
< 0.01

1.00 (Reference)
1.66 (1.30 - 2.12)

1.00 (Reference)
1.31 (0.95 - 1.80)
1.65 (1.20 - 2.26)
1.80 (1.26 - 2.57)
< 0.01

1.00 (0.96 - 1.03)
1.02 (0.52 - 1.97)
1.00 (Reference)
0.90 (0.66 — 1.24)
0.99 (0.69 - 1.44)
0.79

1.00 (0.99 - 1.01)
1.00 (Reference)
0.81 (0.55 - 1.19)
0.97 (0.67 — 1.41)
1.03 (0.71 - 1.49)
0.70

1.00 (Reference)
1.10 (0.82 - 1.48)

1.00 (Reference)
1.03 (0.70 - 1.52)
1.25 (0.86 - 1.82)
1.11 (0.75 - 1.64)
0.41

1.00 (Reference)
0.93 (0.70 - 1.23)

1.00 (Reference)
0.94 (0.63 - 1.38)
1.01 (0.69 - 1.48)
1.18 (0.82 - 1.71)
0.34

1.00 (0.97 - 1.03)
1.01 (0.52 - 1.96)
1.00 (Reference)
0.90 (0.65 - 1.23)
1.03 (0.70 - 1.51)
0.88

1.00 (0.98 - 1.02)
1.00 (Reference)
0.80 (0.53 - 1.21)
0.94 (0.61 - 1.47)
1.02 (0.59 - 1.76)
0.81

1.00 (Reference)
1.05 (0.77 - 1.42)

1.00 (Reference)
1.00 (0.67 - 1.47)
1.18 (0.80 - 1.74)
1.03 (0.68 - 1.56)
0.70

1.00 (Reference)
0.85 (0.63 - 1.15)

1.00 (Reference)
0.96 (0.63 - 1.47)
1.05 (0.66 - 1.67)
1.33 (0.75 - 2.38)
0.34

1 Adjusted for age at baseline (continuous), housing type (HDB [1-3 rooms], HDB [= 4 rooms], private housing), race (Chinese, Malay, Indian, Others).
2 Additionally adjusted for Body Mass Index.
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