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ABSTRACT

At least 6 million deaths occurred worldwide are due to cancer and this figure is expected to rise to
15 millions by the year 2020. Colorectal cancer is among the most commonly occurring cancers
both globally and in Malaysia. Numerous studies have shown significant relationships between
various dietary components and the risks for colorectal cancer. Meanwhile, several theories have
been suggested as etiological explanations, one of which is the influence of dietary factors on the
cell proliferation rate. A higher cell proliferation rate is statistically associated with increased risk
of colorectal cancer. However, evidence of a significant relationship between diet and colorectal
adenomas, a potential precursor for colorectal cancer, remains insufficient. Colorectal adenomas or
polyps are vital in their relationship with colorectal cancers as almost 70% of all colorectal cancers
are developed from these polyps. Studying the modifiable risk factors related to polyps will provide
an opportunity for the prevention of colorectal cancer even before it develops. This paper reviews
the available evidence linking dietary factors with the risk for colorectal adenomas. As the numbers
of published studies are limited, of which most are concentrated in Western countries, there is a
need for epidemiological studies in Malaysia to strengthen the evidence of a relationship between
diet and colorectal adenomas.
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INTRODUCTION

Cancer is becoming an increasingly important contributor to the global burden of disease. Based
on the Globocan 2002 database, Ma and Yu (2006) reported that for the year 2002, there were
10,862,496 new cancer cases (excluding skin cancer) worldwide. Of'these, 5,801,839 (53.4 percent)
were males and 5,060,657 (46.6 percent) were females. Nearly 45 percent of the new cases were
diagnosed in Asia. The World Health Organization (2003) estimated that the number of new cases
annually will escalate from ten million in the year 2000 to 15 million by the year 2020.

On a global basis, the number of deaths caused by cancer in 2002 was 6,723,887, among
which 3,795,991 were males and 2,927,896 were females (Ma and Yu, 2006). Some 60% of these
cases occurred in the less developed parts of the world. Yet, with the existing knowledge, at least
one-third of cancer cases, such as lung, colorectal and breast cancers, could be prevented through
lifestyle changes (World Cancer Research Fund, 2007).
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Worldwide, colorectal cancer (CRC) was estimated to be the third most common cancer among
men and fourth in women in the year 2002 (International Association for Cancer Registries, 2002).
Among Malaysians, colon cancer ranked the third among all cancers reported in 2003 accounting
for 7.6% and 6.0% in males and females, respectively (National Cancer Registry [NCR], 2004).
The incidence of colon cancer was highest among Chinese, and the cumulative lifetime risk for
Chinese males was 1 in 36, and 1 in 42 for Chinese females. Cancer of the rectum ranked fifth
among the cancers reported in males (6.6%) and females (4.1%), respectively. Once again, the
Chinese had the highest incidence of rectal cancer, and this was followed by Indians and Malays.
The cumulative lifetime risk for developing rectal cancer for Chinese males was 1 in 48, while it
was | in 71 for Indian males, and 1 in 91 for Malay males (NCR, 2004). A recent report on cancer
incidences between 2003 and 2005 in Peninsular Malaysia (NCR, 2008) showed that colorectal
cancer, which included cancer of the colon and rectum, was the most frequent cancer among men,
accounting for 14.5% of all cancers. In women, CRC accounted for 9.9% of all cancers.

Having a risk factor for a certain cancer contributes to a higher chance of getting cancer, but it
does not always lead to that particular cancer. On the other hand, the absence of any risk factor or
having a protective factor does not necessarily protect any individual against cancer. It is important
to note that different types of cancer have different risk factors. Factors that may lead to cancer
can be classified into external factors, which include environmental toxins, viruses, radiation and
chemicals, and internal factors such as hormones, immune setting and inherited mutations and
behavioural factors such as diet and lifestyle (Chace and Keane, 1996; American Cancer Society,
2004).

Colorectal Adenomas or Polyps

Colon polyps are vital in their relationship with CRC. Polyps are benign growths involving the
lining of the bowel (American Society for Gastrointestinal Endoscopy, 2006). They appear as
small bumps that protrude from the lining of the bowel into the lumen. Polyps may vary in size,
and can be 1| mm or more in diameter. The two common types of polyps are hyperplastic polyps
and adenomas. Hyperplastic polyps do not pose risk for CRC and therefore, are not significant.
However, adenomatous polyps are considered to be precursor lesions and may be markers for
populations at high risk of CRC (Kahn ef al., 1998).

Adenomatous polyps can be sporadic polyps (Calvert and Frucht, 2002). More than 70% of
CRC are developed from sporadic adenomatous polyps, and a review of some post-mortem studies
have found the incidence of sporadic adenomas to be 30 —40% in the Western population (Hardy et
al., 2000). In a large cohort of Japanese patients, the incidencerate of colorectal adenomas (CRA)
in patients with no initial neoplasm (n=4028) was 7.2% per year, whereas the recurrence rates in
those with small and advanced lesions (n=1818) were 19.3% and 22.9%, respectively (Yamaji
et al., 2004). For advanced colorectal lesions (n=323), the incidence rate was 0.21% per year,
whereas the recurrence rates in those with small adenomas and advanced lesions were 0.64% and
1.88% per year, respectively. In general, colorectal neoplasms are more likely to develop in males
and older subjects. In Malaysia, the prevalence of colorectal adenomas in a multi-ethnic sample
of 311 patients who underwent colonoscopy in a private medical centre was about 11%, based on
the only published report (Rajendra, Ho and Arokiasamy, 2005). Meanwhile, the prevalence was
highest among the Chinese (62%), followed by the Indians (22%) and Malays (16%). Using logistic
regression analysis, only family history (P = 0.05) and age > 50 years (P = 0.011) were found to
be significantly associated with adenomas in this particular sample.

CRA can also develop as a result of DNA mutation. Familial adenomatous polyposis syndrome
(FAP) is a genetic condition which affects one in 10,000 people and is caused by a mutation in the
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APC gene (Olshwang, 2002). People with FAP develop hundreds of polyps and will almost certainly
develop CRC, unless the colon is removed. FAP, which is also known as familial multiple syndrome
(FMS) or familial polyposis of the colon (FPC), accounts for only about 1% of all CRCs.

Likewise, hereditary non-polyposis CRC (HNPCC) syndrome is an inherited genetic condition
that can also cause CRC even though multiple polyps are not present. It is caused by mutations
in mismatch repair genes located on chromosomes two, three, or seven (Burt, 2000). HNPCC
mainly affects the right colon compared to the other areas of the gastrointestinal system (Hardy et
al., 2000). If a person suffers from this condition, he or she has 80% lifetime risk for developing
CRC compared to merely six percent in the general population (Pergament, 2003).

It is important to prevent recurrence of CRA as sufficient evidence links them to incidence of
CRC in later life. Identification of dietary risk factors may play an important role in preventing
adenomas and their recurrence.

METHODOLOGY

Articles eligible for inclusion met the following criteria: 1) they discussed at least one dietary factor
associated with CRA, and/or 2) they studied dietary biomarkers associated with CRA. Since the
focus of this review is on the dietary risk factors of CRA, the following factors were excluded:
lifestyle factors such as alcohol consumption, tobacco smoking, obesity and non-behavioural risk
factors for CRA, such as HPNCC and FAP. CRA outcomes comprised incidence of CRA and/or
recurrence of CRA.

Searched MEDLINE search engine
Criteria used:

e Written in English language

¢ Published between 1990 — 2008 21 articles:

* Limited to human-related studies — — —— —»| ¢ Reviews(3)

* Subjects are adults > 19 years old ¢ Not relevant (4)

¢ Colorectal cancer risk (5)

Other nutrients (3)

Undistinguishable dietary patterns (6)
HNPCC (1)

excluded

Keywords:
“diet” “colorectal adenoma”

included

A
73

52 original articles:

+ RCT(11)

* Case-control (40)
e Cohort (4)

* Cross-sectional (7)

Fig. 1: Flow chart showing article selection process

Fig. 1 shows the flow chart of the article selection. For this purpose, the research papers,
written in the English language and published from 1990 to 2008, were reviewed. Meanwhile,
studies were initially identified through the search engine Medline by using the keywords ““diet”
and ““colorectal adenomas”. After excluding irrelevant articles, a total of 52 original articles were
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selected for this review. Subsequently, the articles were grouped according to the particular dietary
component that was studied. A summary of all the selected articles is presented in Table 1.

DIETARY RISK FACTORS

The role of diet in the actiology of CRA is yet to be elucidated and thus remains an area of active
investigation. Dietary risk factors include any type of food, nutrients or other constituents of food
that are related to the risk of a disease. Evidence from case-control and cohort studies and some
intervention trials suggest a correlation between dietary intake and incidence of CRA. Dietary fat,
red meat, fibre, resistant starch, fruits and vegetables in particular, as well as other dietary factors
have been associated with the risk for this condition (World Cancer Research Fund, 2007).

Dietary Fat

Epidemiological studies have provided inconsistent data on the role of dietary fats in colorectal
cancer, while a few studies have investigated their roles in colorectal adenoma. Mathew et al.
(2004), in a case-control study from 1994-1996 on 239 cases and 228 control subjects, found an
increased risk of seven percent for every five percent increase in energy intake from total fat (OR
=1.07,95% CI=0.94 — 1.22). In the same study, the type of fat and sources of fat were also found
to influence the risk for CRA. For every additional five percent increase in oleic acid intake, the
risk for CRA increased significantly by 115% (OR =2.15, 95% CI = 1.05 — 4.39). Specifically, red
meat fat was found to increase the risk by 20% (OR = 1.20, 95% CI = 0.71 — 2.04), while white
meat fat decreased risk by 67% (OR =0.33, 95% CI=0.19 — 0.95) for every additional five percent
increase in the intake per day.

Arandomized, partially double-blind, placebo-controlled trial conducted over four years found
that a low fat diet (< 25% of calories from fat) was able to reduce the risk for large adenomas >
10mm in diameter (MacLennan et al., 1995). After 24 months into the trial, the OR for the low fat
group was found to be 0.4 (95% CI=0.1 — 1.1) and after 48 months, it further reduced to 0.3 (95%
CI=0.1-1.0). The reduction however was not statistically significant. In another arm of the trial,
participants were subjected to both low fat and high fibre (25 g of wheat bran supplementation),
and these subjects were found to have zero large adenomas at 24 and 48 months, a statistically
significant finding (p = 0.03). These observations suggest that a combination of low fat and high
fibre diet may reduce the rate of transition from smaller to larger adenomas. However, affirmative
conclusions cannot be made from these findings as only a small number of subjects were enrolled
in this study.

In another prospective study on the effect of dietary marine n-3 fatty acids on distal CRA
in women, no significant relationship was found between these two variables (Oh et al., 2005).
However, higher intakes of dietary marine n-3 fatty acids were inversely but not significantly
associated with large adenomas (RR = 0.74, 95% CI = 0.54 — 1.01), but were directly associated
with small adenomas (RR = 1.36, 95% CI = 1.02 — 1.81). Once again, the results of this study
suggest that higher intakes of marine n-3 fatty acids may reduce the progression of small adenomas
to larger ones.

The effect of dietary fat on the risk for CRA continues to be elusive. Diergaarde et al. (2005)
reported that the high intake of fat seemed to only increase the risk of APC(-) polyps (OR = 1.9, 95%
CI =1.0-3.7). On the other hand, Vinikoor ef al. (2008) reported that it increased the prevalence
of CRA in those in the highest quartile of trans-fatty acid intake as compared to those with the
lowest (OR = 1.86, 95% 1.04 —3.33). A newer study was carried out by Methy et al. (2008) to
further assess the risks of overall adenoma recurrence associated with dietary consumption of total
fat, sub-types of fat, and specific fatty acids (oleic acid, linoleic acid, alpha-linolenic acid). The
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study comprised 523 patients with confirmed adenomas at the index colonoscopy, aged between
35 to 75 year old. The overall 3-rear recurrence rate was 22.6%. Nonetheless, this study failed to
observe significant associations between overall adenoma recurrences with either total fat, sub-type
of fats, or specific fatty acids. Polyunsaturated fatty acids and linoleic acid were both moderately
and significantly associated with distal and multiple recurrence. No significant association was
observed with the recurrence of proximal or advanced adenomas. The study by Methy ez al. (2008)
did not support the hypothesis of a strong association between dietary fatty acids and the recurrence
of colorectal adenomas. It was concluded that the differential role of specific fatty acids according
to colorectal subsites deserves further investigation.

As much of the evidence on the role of fat in the CRA risks resulted from case-control studies,
more cohort and experimental studies are warranted to examine this association. However, special
focus should be placed on determining the ability of dietary fat to influence the progression of smaller
adenomas to larger adenomas, and the possible role of dietary fat in the progression of adenomas
to carcinoma.

Dietary Fibre

The role of dietary fibre in the prevention of CRC was first proposed by Burkitt (1969), following
the clinical observation that colon cancer was rare among the Africans whose diet was high in
unrefined foods. Studies on CRA are generally now supportive of a protective association with
dietary fibre, although some contradictory results have been published (Fuchs ez al., 1999; Schatzkin
et al., 2000; Robertson et al., 2005).

Intake of fibre from vegetables and cereals has been associated with a clear reduction in the risk
for CRA in a prospective study by Giovannucci et al. (1992), where the relative risk for the lowest
quintile of dietary fibre intake versus the highest was 8.4 (95% CI = 0.2 — 0.6). This finding was
confirmed by a study conducted by Peters et al. (2004), which was conducted within the Prostate,
Lung, Colorectal and Ovarian (PLCO) Cancer Screening Trial. High intakes of dietary fibre were
associated with a 27% lower risk (95% CI = 14 — 38) of CRA, after adjusting for other dietary and
non-dietary risk factors. The inverse relationship was strongest for fibre from grains and cereals (OR
=0.75), and from fruits (OR=0.58). Risks were similar for advanced and non-advanced adenoma.
Risk of rectal adenoma however, was not significantly associated with fibre intake.

Results from the Health Professionals Follow-up Study showed that there was a modest 19%
reduced risk of distal colon adenoma with the increase in the intake of fibre from fruits, but not from
cereals or vegetables (Platz et al., 1997). The RR comparing the highest intake (median, 8.4 g/day)
to the lowest quintile of fibre intake (1.3 g/day) was 0.81 (95% CI, 0.59-1.11). The reduction in risk,
however, was observed only for soluble fibre. A latter study within the Prostate, Lung, Colorectal,
and Ovarian (PLCO) Cancer Screening Trial (PLCO) by Peters ef al. (2003) noted a similar finding.
Risk of adenoma was lowest at the highest quintile of dietary fibre intake in comparison to the lowest
quintile. The inverse association observed was most significant for fibre from grains, cereals, and
fruits. Risks were similar for advanced and non-advanced adenomas. These results suggested
that soluble fibre might be particularly important in reducing risk of adenomatous polyps of the
distal colon. The Wheat Bran Fibre Trial (Jacobs ef al., 2002), prior to the Polyp Prevention Trial
(Lanza et al., 2007) also found a reduction in risk with the intake of fibre, but the reduction was
not statistically significant.

Potential mechanisms that may explain the protective effect of dietary fibre include dilution
of faecal carcinogens and procarcinogens, reduction of transit time of faeces through the bowel,
production of short chain fatty acids which promote anticarcinogenic action, and binding of
carcinogenic bile acids (Lipkin et al., 1999).
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On the other hand, there are studies which have shown no association between dictary fibre
and risk for CRA. A prospective study, which was carried out among 88,000 women who had been
followed up for 16 years, found the lack of a protective effect of dietary fibre against CRA (Fuchs
et al., 1999). The Polyp Prevention Trial (PPT), a well-publicised large-scale intervention trial,
found no significant association between dietary fibre intakes and recurrence of adenomatous polyps
(Schatzkin et al., 2000). One of the most plausible explanations for the lack of effect was that
the population studied had only low intakes of dietary fibre from cereals (4.8 g/day in the highest
intake group). The subjects were further followed up for 4 years and yet no significant association
was found between their dietary fibre intakes and recurrence of adenoma (Lanza ef al., 2007). The
authors’ explanations for the null observation included inadequate trial length, inappropriate timing
in the life course for such a trial, inappropriate end point, and inappropriate intervention.

As some of the recent findings are not encouraging, more studies should be done to establish
the relationship between different types of dietary fibre and the risks for CRA at various subsites.
Thus, the role of fiber in the etiology of colorectal cancer and precursor adenomatous polyps
continues to be controversial.

Red Meat

Western diets containing high amounts of red meat have been associated with a high risk for CRA.
A German case-control study, which compared patients with previous adenomas with hospital and
population controls, found a positive association between red meat intake and risk for CRA, but
not for fat or protein from red meat (Breuer-Katschinski ez al., 2001). Those in the highest quintile
of red meat intake were found to have more than three-fold increase in risk (OR = 3.6, 95% CI =
1.7 —7.5) as compared to the hospital controls, and over four-fold increase in the risks (OR = 4.4,
95% CI = 1.6 — 12.1) than the control population.

Chiu and Gapstur (2004) reported that the risk for CRA was higher for those with the smallest
reduction in red meat intake after the age of 30 years (OR = 2.8, 95% CI = 1.1-7.3). High intakes
of red meat appeared to increase the risk of APC(-) polyps only (APC(-) vs. controls OR = 1.8,
95% CI = 1.0-3.1) (Diergaarde et al., 2005). Processed meat could specifically contribute to risk
at the highest quartile of intake, by a two-fold increase in risk (Ward et al., 2007) as compared to
the lowest intake.

Sinha ef al. (1999) suggested that besides total red meat intake, cooking method such as well-
done, grilled red meat might also increase the risk of CRA. An increased risk of 11% per 10 g/
day of red meat consumption (OR = 1.11, 95% CI = 0.96 — 1.26) while high-temperature cooking
methods were reported to increase the risk even further. Consumption of about 10 g/day of grilled
red meat was associated with 26% risk (OR = 1.26, 95% CI = 1.06 — 1.50) and 15% per 10 g/day
(OR = 1.15, 95% CI = 0.97 — 1.36) for pan-fried red meat. A larger case-control study published
six years later confirmed this finding (Sinha et al. 2005).

Gunter et al. (2005) estimated that an incremental increase of 10 g of barbecued red meat per
day might be associated with a 29% increased risk of large adenoma (OR = 1.29, 95% CI = 1.02-
1.63). The consumption of oven-broiled red meat was inversely related to adenoma risk compared
with non-consumers (OR = 0.49, 95% CI = 0.28-0.85). Furthermore, higher consumption of
mutagens from meats cooked at higher temperature and longer duration may be associated with
higher risk of distal colon adenoma independent of the overall meat intake (OR highest versus lowest
quintile of meat-derived mutagenity = 1.29, 95% CI = 0.97-1.72) (Wu et al., 2006). These results
are consistent with the hypothesis that carcinogenic compounds, such as heterocyclic amines and
polycyclic aromatic hydrocarbons, formed by high-temperature cooking techniques, may contribute
to the risk of developing colorectal tumours.
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Although an overwhelming number of studies have shown positive correlations between red
meat intake and the risk for CRA, Tiemersma ef al. (2004) reported otherwise. HCAs were present
in habitually prepared meat, although meat consumption (7 versus < 5x/week) did not increase
the risk of colorectal adenomas (OR = 1.2, 95% CI = 0.8-1.9). Besides, presumed unfavourable
preparation habits of meat did not increase adenoma risk (OR = 0.8 and 0.9, respectively).

In recent years, dietary effects on risk of diseases have been studied in relation to genetic
polymorphisms in biotransformation genes. A study by Skelbred ef al. examined the role of dietary
factors in combination with genetic factors in the different stages of colorectal carcinogenesis in a
Norwegian population. The results suggested an increased risk of colorectal adenomas in individuals
for some of the higher ratios of total meat to total fruit, berry, and vegetable intakes. In addition, the
study supports the notion that the biotransformation enzymes GSTM1, GSTP1, and EPHX1 may
modify the effect of dietary factors on the risk of developing colorectal carcinoma and adenoma.

Evidence continues to mount proving that red meat intake affects risk of developing CRA.
Although no study has been reported on Malaysians’ risk for adenomas associated with intake of red
meat, the current evidence should be taken into consideration, as Malaysian diets are increasingly
becoming more westernized coupled with a high demand for animal foods.

Fruits and Vegetables

The presumed beneficial effects of fruit and vegetables have been the core of many large-scale
public health campaigns such as the well-known “Five a Day” program and guidelines on cancer
prevention, especially CRC (National Cancer Institute 2006). Meanwhile, consumption of fruit and
vegetables may confer protection from colorectal adenomas, but the observational and interventional
evidence is rather inconclusive.

Witte et al. (1996) conducted a case-control study in Southern Carolina and found inverse
relationships between high carotenoid vegetables, cruciferous vegetables, high vitamin C fruit,
garlic and tofu, and the risk for CRA. This finding supported the hypothesis that high intakes of
vegetables, fruit and grains decreased the risk of adenomatous polyps.

A high-fruit, low-meat diet also appears to be protective against CRA compared with a dietary
pattern of increased vegetable and meat consumption (Austin et al., 2007). After adjusting for
potential confounders, the high vegetable-moderate meat cluster (OR =2.17,95% CI=1.20-3.90)
and high meat cluster (OR = 1.70, 95%CI = 1.04 — 2.80) were at significantly increased odds of
having had an adenoma compared with the high fruit-low meat cluster.

A cross-sectional study within the Nurses’ Health Study (Michels et al., 2006) found that a
frequent consumption of fruit was inversely related to the risk of being diagnosed with polyps (OR
>5 servings vs <l servings = 0.60, 95% CI = 0.44 — 0.81), whereas little association was found for
vegetable consumption (OR = 0.82, 95% CI = 0.65 — 1.05). However, another case-control study
reported that individuals in the highest quartile of increased consumption vegetables (OR = 0.5; CI
=0.3-1.1) had a lower risk compared with those with minimal increase in consumption (Chiu and
Gapstur, 2004).

On the other hand, Smith-Warner ef al. (2002) found only juice consumption reduced the risk of
CRA, but this was only evident in women subjects (OR = 0.50, 95% CI = 0.27 — 0.92) when cases
were compared to negative-controls and (OR = 0.56, 95% CI = 0.30 — 1.06) community-controls.
The association was stronger for adenomas with moderate and severe dysphasia.

A three-year endoscopic follow-up study concluded that fruit and vegetables might play an early
but weak role in the development of CRC by influencing the growth and recurrence of adenoma
(Almendingen et al., 2004). Dietary intake which was assessed by a five-day dietary record and food
frequency questionnaire (FFQ) revealed a weak inverse association between growth of adenoma
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and fruit and berries (adjusted OR = 0.3, 95% CI = 0.1 — 0.9). Moreover, a weak association was
found between adenoma recurrence and vegetable intake (crude OR = 0.4, 95% CI =0.1 - 0.9).

The protective effect of vegetable intake was observed on the recurrence of adenomas but
not on the appearance of new adenoma; this suggests that vegetables may have a stronger role
in preventing the progression of adenomas to carcinomas rather than in the initial appearance of
adenomatous polyps. Meanwhile, research was found an inverse link between high plant-based
food intake and the risk for adenomas, but several other studies did not find any relationship. Thus,
further investigations are warranted to affirm the protective role of these food items.

Vitamin A

Vitamin A, which is involved in normal tissue growth and differentiation, was one of the earliest
vitamins studied with respect to carcinogenesis (Sporn et al., 1983). In vivo experiments suggested
that vitamin A deficiency might enhance the susceptibility of cells to certain chemical carcinogens.
The hypothesized mechanisms through which vitamin A may influence carcinogenesis include action
on the cell nucleus involving the expression of genetic information that controls cell differentiation.
Preformed vitamin A is obtained from animal products, but pro-vitamin A carotenoids are derived
largely from fruit and vegetables (Olson, 1994; Ross and Temus, 1993).

Unfortunately, studies indicating the relationship between vitamin A and CRA are few in number
and are under-researched compared to research on vitamin A and CRC. An early study by Enger
et al. (1996) suggested that vitamin A from dietary sources is associated with a decreased risk of
CRA (crude OR = 0.60, 95% CI = 0.4 — 0.9) when the highest quartile of intake was compared to
the lowest, but the relationship no longer existed after adjusting for potential confounders (adjusted
OR =0.90, 95% CI = 0.5 — 1.5). Nevertheless, the association between supplemented vitamin A
and risk was not significant (adjusted OR = 1.4, 95% CI = 0.9 — 2.3). Similarly, Giovannucci et
al. (1993) found that higher intake of vitamin A did not protect from the risk of CRA (OR =0.91,
95% CI=0.69 — 1.19). A case-control study revealed no significant relationship between dietary
retinol (vitamin A) and risk of CRA (Lubin ef al.,, 1997). The adjusted odds ratio for the intake
of retinol was 0.9 (95% CI = 0.5 — 1.6) when the highest tertile of intake was compared with the
lowest, while adjustment was made for energy intake and physical activity. Data from a Japanese
cohort study, comprising both male and female subjects, noted a relative risk (RR) of (RR = 1.42,
95% CI = 1.00 — 2.20), indicating an increased risk of adenomas with animal protein and vitamin
A intake (RR = 1.51, 95% CI = 1.04 — 2.20) for the highest tertile versus the lowest (Nagata et al.,
2001).

It is important to note that studies revealing relationships between dietary vitamin A (or even
plasma vitamin A) and CRA are sparse. Moreover, very few clinical trials or epidemiological
studies have explored the association between vitamin A and its derivates with risk of developing
CRA. Thus, the available data are insufficient to conclude any association between vitamin A and
risk of CRA, and thus requires further research.

Carotenoids

Carotenoids are pigments found primarily in plants, and the predominant carotenoids in the human
diet are -carotene, lycopene, lutein, B-cryptoxanthin and a-carotene. Carotenoids are related to
cancer through their antioxidant properties, modulation of gene expression, regulation of cell growth
and possible immune response (Rock et al., 1997).

Lubin and co-workers (1997) identified specific nutrients as independent factors which are
associated with CRA, while carotene was identified as one of the nutrients with potential benefits.
Increased intake of carotene was suggested to reduce the risk of CRA by 40% when the highest
tertile of intake was compared with the lowest (OR = 0.6, 95% CI=0.3 — 1.0).
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Senesse et al. (2005) investigated the effect of 3-carotene on the risk of CRA and the potential
interaction with smoking status. The researchers found a significant interaction between -carotene
and smoking habit (p = 0.04). In non-smokers, f-carotene was inversely associated with the risk,
of colon adenomas (OR in low vs. high consumers = 0.4, 95% CI = 0.2 — 0.9), whereas in past
or current smokers, [3-carotene was associated with a non-significant increase in the risk of colon
adenomas (OR = 1.9, 95% CI = 0.9 — 4.1). The authors stressed that although p-carotene seemed
to be protective in non-smokers, the adverse effect of the nutrient in smokers should be taken as a
caution.

Other carotenoids have shown little or almost no significant relationship with the risk of
CRA. Enger et al. (1996) found that in univariate-matched analysis, a-carotene, [-carotene,
B-cryptoxanthin, lutein and zeaxanthin were all associated with decrease in risk, but only 3-carotene
was found to be significantly associated with adenomas (p = 0.04) after adjusting for potential
confounding factors. An observational study carried out among the White subjects with history
of hyperplastic polyps and controls revealed that plasma lycopene was the only carotenoid which
lowered the risk for CRA (Erhardt ef al., 2003). The median plasma lycopene concentration was
significantly lower in the adenoma group than in the control group (-35%, p =0.016). In addition,
the median plasma (3-carotene was also found to be lower in the adenoma group (-25.5%), but the
difference was not significant. In the multiple logistic regression, only smoking (OR =3.02, 95%
CI=1.46 —6.25) and plasma lycopene concentration (OR =2.31, 95% CI = 1.12 —4.77) were risk
factors for adenomatous polyps.

Shikany et al. (1997) showed that there is no association between individual plasma carotenoids
and the prevalence of adenomatous polyps. This study did not stratify the subjects according to
their smoking status but carotenoids were suggested as a probable protective factor only in smokers.
This might explain the reason for the non-association found between carotenoids and risk of CRA.
In a RCT conducted within Alpha — Tocopherol, Beta—Carotene Cancer Prevention Study (ATBC
Study), supplementation with -carotene had no effect on risk for CRA (RR =0.98; 95% CI=0.71
- 1.35) among middle-aged male smokers (Malila et al., 1999).

Even p-carotene, lycopene and lutien, the well-studied carotenoids of all, have shown
inconsistent findings. On the other hand, other carotenoids such as zeaxanthin and cryptoxanthin
are under-studied. Therefore, future studies should focus on these less studied carotenoids.

Vitamin C

Vitamin C is a water soluble vitamin that occurs mainly in fruit and vegetables. Its potent anti-
oxidative properties are thought to contribute to its possible cancer preventive potential. As
an antioxidant, vitamin C is considered to have a protective effect on cellular biopolymers,
including genetic material and could thus be protective in the initiation and promotional stages of
carcinogenesis (Van Poppel and Van Den Berg, 1997).

A high rate of apoptosis has been linked to a reduced risk of CRA in a study conducted within
the Diet and Health Study I1I (Connelly et al., 2003). Among individuals with adenomas, there was
an inverse linear association between apoptosis and total vitamin C intake. Similarly, individuals
with adenomas in the highest quintile of total vitamin C intake were substantially less likely to have
increased colonic apoptosis than those in the lowest quintile (OR = 0.05, 95% CI = 0.01-0.46).
High vitamin C intake was associated with reduced colorectal apoptosis, but this was only among
individuals with adenomas in this population.

Meanwhile, Benito et al. (1993) found higher intake of vitamin C to significantly lower the risk
for CRA by 63% (p for trend <0.01), whereas Tseng et al. (1996) found a significant reduction in
risk exclusively among women subjects. Other studies found insignificant results as well. Enger
et al. (1996), for example, found that dietary vitamin C only managed to yield a weak association
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after adjusting for confounding factors (OR = 0.8, 95% CI= 0.5 — 1.5). This concludes that dietary
vitamin C may not always be protective of CRA.

Antioxidant vitamins, such as vitamin C, have been suggested as potential anticancer agents
because they fight free radicals which may cause oxidative damage to DNA, possibly leading to
development of cancer (Byers and Perry, 1992). The ability of ascorbic acid to inhibit the formation
of carcinogenic nitrosamines is the best documented cancer-protecting effect of vitamin C (Block,
1991). This protective mechanism of vitamin C could provide the explanation for numerous studies
which found a protective effect of fruit and vegetables against cancer, as vitamin C is one of the
most commonly occurring antioxidant vitamins in this particular food group.

Although fruit and vegetables have been consistently shown to be related to the risk of CRA and
CRC, the same could not be said about vitamin C per se which is a commonly found micronutrient in
these foods. Instability of this vitamin in food and plasma is one of the reasons; thus, methodological
and study design may also be partly to be blamed for the inconsistent evidence. More studies
which take these issues into account should be done in the future to strengthen the current available
evidence.

Vitamin E

Vitamin E is a predominant antioxidant nutrient in the lipid phases of circulating lipoproteins
and cell membranes. This potent peroxyl radical scavenger is a chain-breaking antioxidant that
prevents the propagation of free radical damage in biological membranes (Traber and Packer,
1995). Just like vitamin C, this vitamin also seems to provide protection from various types of
cancer, especially CRC. However, there are some limitations when interpreting the results of
plasma vitamin E values in prospective studies. These include person-to-person variation in diet,
the effects of non-dietary determinants of blood concentrations and the effects of preclinical disease
on blood concentrations.

The use of vitamin E supplements was found to be associated with a lower incidence of recurrent
adenomas (OR = 0.62, 95% CI =0.39 — 0.98) in a population of patients with history of previous
colonic neoplasia (Whelan et al., 1999). However, Tseng et al. (1996) demonstrated a protective
effect of vitamin E only among men, whereby those in the highest quartile of vitamin E intake had
a risk of 0.35 (95% CI- 0.14 — 0.92) relative to those in the lowest intake.

Plasma a- and y-tocopherol concentrations for subjects with CRA were compared with
healthy controls in order to examine the protective effect of vitamin E in plasma against CRA
(Ingles et al., 1998). Increasing a-tocopherol and decreasing y-tocopherol levels were associated
with decreased occurrence of large adenomas; however, after adjusting for potential confounding
variables, these trends were not statistically significant. Subjects in the highest versus lowest quintile
of a-tocopherol:y-tocopherol ratio had an OR 0f0.36 (95% CI = 0.14-0.95) for large adenomas,
which had higher probability to progress to CRC. The findingthat indicated a high a-tocopherol:y-
tocopherol ratio in association with decreased occurrence of only large CRA is consistent with the
previous findings that suggested a-tocopherol might be protective against CRC.

As reported for other antioxidant vitamins, the evidence for vitamin E and its association with
CRA is also unequivocal and little. A study focusing on both dietary intake and plasma vitamin E
will be able to add more information to the available data, particularly in the Asian community.

Vitamin D and Calcium

There has been a considerable interest in the protective role of vitamin D and calcium. Although
evidence exists for the protective effects of vitamin D against CRC, there was no study linking
vitamin D, calcium and CRA prior to 1999 (Holt, 1999). However, results of the on-going Nurses’
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Health Study indicated that women, whose plasma 1,25(OH),D concentration was below 26.0 ug/
ml, were at increased risk of distal CRA (Platz et al., 2000).

Peters et al. (2004) showed that serum 25-(OH)D was inversely associated with CRA, in which
they found that the risk of CRA decreased by 26% (OR 0.74) with each 10 mg/ml increase of
serum 25-(OH)D. However, the inverse association between serum 25-(OH)D and CRA has been
suggested to be stronger in subjects with calcium intake above the median. Jacobs et al. (2007)
also suggested insignificant reduction in the risk with higher serum 25-(OH)D levels.

The findings by Grau et al. (2003) indicated a protective role of vitamin D and calcium against
CRA. They demonstrated the synergistic effect by looking at the participants’ status of vitamin D
in a trial which showed that calcium supplements protected against recurrence of CRA. Among
people with 25-(OH)D levels at or below the overall median, calcium was found to have no effect
on the risk of recurrence of adenomas. However, the risk was lowered in those with high levels
of vitamin D. Therefore, vitamin D was associated with a reduced risk only among those taking
calcium.

Supplementation with calcium has also been shown to be protective against CRA. The strongest
evidence for the use of calcium in preventing CRA came from a trial by Baron et al. (1999), where
calcium or placebo was given to adenomatous polyp patients for 4 years resulting in a moderate,
but significantly reduced risk for adenomatous polyp recurrence in the intervened group. The daily
dosage used, 3 g of calcium carbonate, added 1200 mg of calcium ion to the daily intake of dietary
calcium. Two other studies showed a significant reduction in adenoma recurrence after given
calcium supplements (Hofstad et al., 1998; Bonitton-Kopp et al., 2000).

However, there were studies which did not find any significant association. For instance,
Hartman et al. (2005) did not find any significant association between adenoma recurrence and
dietary calcium, total calcium, and dietary vitamin D intake. Kesse ef al. (2005) suggested a
decreasing trend in risk with the increase in calcium intake (RR = 0.80, 95% CI ==0.62-1.03), but
this trend was not significant, and no effect was seen with vitamin D intake. Little association was
observed by Miller et al. (2007) when they compared total calcium intake of > 900 mg/day to <
500 mg/day (adjusted OR = 0.85, 95% CI = 0.53-1.37). However, Miller et al. (2007) reported
a lower prevalence of adenomas among patients with calcium intake > 900mg/day and lower fat
intake.

The role of vitamin D and calcium have been (but not always) found to be related to adenoma
appearance. However, a considerable number of large studies are required before accepting the
role of these micronutrients in adenoma appearance.

Folate

Several studies have found a link between lower levels of folate intake and a higher incidence of
adenomas, suggesting that folate may play a protective role in the carcinogenic process.

In a case-control study of diet and colorectal adenoma risk, Benito et al. (1993) found that
subjects with folate intakes greater than 222 ug per day were approximately one fourth as likely to
have adenomas as compared to those with intakes below 141 ug per day. Unfortunately, the only
dietary factor the data were adjusted for was total calorie intake. Folate seemed to be a risk factor,
especially when vitamin B12 intake was low, while vitamin B12 was inversely associated with
adenomas, especially with relatively high folate intake (van den Donk et al., 2005). The adjusted
OR (95% CI) for the highest compared with the lowest sex-specific tertile of intake was 1.32 (95%
CI=1.01 - 1.73) for folate and this was 0.51 (95% CI=0.36 - 0.73) for vitamin B12. Among non-
multivitamin users, Martinez et al. (2006) reported results from two major RCTs, namely Wheat
Bran Fibre Trial and Ursodeoxycholic Acid Trial, and found that the OR for those in the highest
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versus the lowest folate quartile was 0.65 (95% CI = 0.40-1.06) for the WBF study and 0.56 (0.31-
1.02) for the UDCA trial.

Tseng et al. (1994) pursued this possible cancer-folate connection by conducting a similar
case-control study to evaluate the relationship between micronutrients and CRA risk. Although
their results did not achieve statistical significance, they observed a gender-specific trend. After
adjusting for other dietary factors, their results showed a 60% decrease in the adenoma risk for
women in the highest quartile of folate intake compared with the lowest quartile. The cause of the
observed sex specificity is unclear, but the authors suggested that there might be other physiological
factors involved that changed the risk pattern between men and women.

A prospective study of similar subjects from two large cohorts, namely the Nurses’ Health Study
and the Health Professionals Follow-up Study, was conducted by Giovannucci et al. (1993). They
were interested in the association with folate because they found a mechanism by which low folate
levels might contribute to the development of adenomas by decreasing the availability of methyl
groups. The link including methionine in this equation was suggested because folate is responsible
for methylization of homocysteine to methionine. This is particularly important as a low level of
folate is hypothesized to disrupt DNA methylation as well.

Similar to other micronutrients studied, the relationship between folate and risk for CRA and
CRC needs to be examined further. A prospective study should be able to provide more concrete
evidence.

CONCLUSIONS

In conclusion, the dietary intake of an individual may influence the risk of developing CRA. While
most of the available evidence suggests a role for certain foods, such as vegetables and fruits
especially greens, cruciferous vegetables, citrus fruit and garlic for reducing risk, evidence for
other dietary factors remains unequivocal. In addition, international variations in the distribution
of the disease may also be a contributing factor to the differences derived in the observations of
adenoma status (advanced or small), while position (distal or proximal) may also confound the
association. Thus, future epidemiological studies and clinical trials of CRA should take into account
the interaction of ethnicity, adenoma size and site into their study design.

REFERENCES

Almendingen, K., Hofstad, B. and Vatn, M.H. (2004). Dietary habits and growth and recurrence of colorectal
adenomas: Results from a three-year endoscopic follow-up study. Nutrition and Cancer, 49(2), 131 —
138.

American Cancer Society. (2004). Cancer facts and figures 2004. Retrieved from http://www.cancer.org/
download/STT?F&F2004.pdf.

American Society for Gastrointestinal Endoscopy. (2006). Understanding polyps and their treatment. Retrieved
from http://www.asge.org/nspages/practice/ management/brochures/polyps  brochure.cfim.

Austin, G. L., Adair, L.S., Galanko, J.A., Martin, C.F., Satia, J.A. and Sandler, R.S. (2007). A diet high in fruits
and low in meat reduces the risk of colorectal adenomas. Nutrition Journal, 137,999 — 1004.

Baron, J. A., Beach, M., Mandel, J.S., Van Stolk, R. U., Haile, R. W., Sandler, R. S., Rothstein, R., Summers,
R. W., Snover, D.C., Beck, G. J., Bond, J. H., Greenberg, E. R., Frankl, H. and Pearson, L. (1999).
Calcium supplements for the prevention of colorectal adenomas. The New England Journal of Medicine,
340,101 -107.

332 Pertanika J. Sci. & Technol. Vol. 18 (2) 2010



Dietary Risk Factors for Colorectal Adenomatous Polyps: A Mini Review

Benito, E., Cabeza, E., Moreno, V., Obrador, A. and Bosch, F.X. (1993). Diet and colorectal adenomas: A case
control study in Majorca. International Journal of Cancer, 55,213-219.

Block, G. (1991). Vitamin C and cancer prevention: The epidemiologic evaluation. American Journal of
Clinical Nutrition, 53, 270S — 2828S.

Bonithon-Kopp, C., Kroborg, O., Giacosa, A., Rath,U. and Faivre, J. (2000). Calcium and fiber supplementation
in prevention of colorectal adenoma recurrence: A randomized intervention trial. Lancet, 356, 1300 —
1336.

Breuer-Katschinski, B., Nemes, K., Marr, A., Rump, B., Leiendecker, B., Breuer, N. and Goebell, H. (2001).
Colorectal adenomas and diet. Digestive Dieseases and Sciences, 46(1), 86 — 95.

Burkitt, D. P. (1969). Related disease, related cause? Lancet, 2, 1229 — 1231.
Burt, R.W. (2000). Colon cancer screening. Gastroenterology, 119, 837-853.

Byers, T. and Perry, G. (1992). Dietary carotenes, vitamin C and vitamin E as protective antioxidants in human
cancers. Annual Review of Nutrition, 12, 139 — 159.

Calvert, P. M. and Frucht, H. (2002). The genetics of colorectal cancer. Annals of Internal Medicine, 137,
603 - 612.

Chace, D. and Keane, M. (1996). What to Eat if You Have Cancer: A Guide to Adding Nutritional Therapy to
Your Treatment Plan. United States of America: Contemporary Books.

Chiu, B. C. and Gapstur, S.M. (2004). Changes in diet during adult life and risk of colorectal adenomas.
Nutrition and Cancer, 49(1), 49 — 58.

Connelly, A. E., Satia-Abouta, J., Martin, C.F., Keku, T.O., Woosley, J. T., Lund, P.K. and Sandler, R.S.
(2003). Vitamin C intake and apoptosis in normal rectal epithelium. Cancer Epidemiology, Biomarkers
and Prevention, 12, 559-565.

Diergaarde, B., Tiemersma, E.W., Braam, H., Van Muijen, G. N., Nagengast, F. M., Kok, F.J. and Kampman,
E. (2005). Dietary factors and truncating APC mutations in sporadic colorectal adenomas. International
Journal of Cancer, 113(1), 126 — 132.

Enger, S.M., Longnecker, M.P., Harper, M. J., Lee, E.R., Frankl, H.D. and Haile, R.-W. (1996). Dietary
intake of specific carotenoids and vitamin A, C, and E, and prevalence of colorectal adenomas. Cancer
Epidemiology, Biomarkers and Prevention, 5, 147 — 153.

Erhardt, J. G., Meisner, C., Bode, J.C. and Bode, C. (2003). Lycopene, -carotene and colorectal adenomas.
American Journal of Clinical Nutrition, 78, 1219-1224.

Fuchs, C. S., Giovannucci, E.L., Colditz, G.A., Hunter, D.J., Stampfer, M.J., Rosner, B., Speizer, F.E. and
Willet, W.C. (1999). Dietary fiber and the risk of colorectal cancer and adenoma in women. The New
England Journal of Medicine, 340, 169-176.

Giovannucci, E., Stampfer, M.J., Colditz, G., Rimm, E.B. and Willet, W.C. (1992). Relationship of diet to risk
of colorectal adenoma in men. JNCI, 84, 91 — 98.

Giovannucci, E., Stampfer, M.J., Colditz, G., Rimm, E.B., Trichopoulos, D., Rosner, B.A., Speizer, F. E. and
Willet, W.C. (1993). Folate, methionine, and alcohol intake and risk of colorectal adenoma. JNCI, 85,
875-884.

Grau, M. V., Baron, J.A., Sandler, R.S., Haile, R.W., Beach, M.L., Church, T. R. and Heber, D. (2003).
Vitamin D, calcium supplementation and colorectal adenomas: Results of a randomized — trial. JNCI,
95,1765 - 1771.

Pertanika J. Sci. & Technol. Vol. 18 (2) 2010 333



Ramadas, A., Kandiah, M., Jabbar, F. and Zarida, H.

Gunter, M. J., Probst-Hensch, N.M., Cortessis, V.K., Kulldorf, M., Haile, R.W. and Sinha, R. (2005). Meat
intake, cooking-related mutagens and risk of colorectal adenoma in a sigmoidoscopy-based case-control
study. Carcinogenesis, 26(3), 637 — 642.

Hardy, R.G., Meltzer, S. J. and Jankowski, J. A. (2000). ABC of colorectal cancer: Molecular basis for risk
factors. BMJ, 321, 886 — 889.

Hartman, T. J. ef al. and Polyp Prevention Study Group. (2005). The association of calcium and vitamin D
with risk of colorectal adenomas. Journal of Nutrition, 135(2), 252 —259.

Hofstad, B., Almendingen, K. and Vatn, M. (1998). Growth and recurrence of colorectal polyps: A double-blind
3-year intervention with calcium and antioxidants. Digest, 5, 148 — 156.

Holt, P. R. (1999). Dairy foods and prevention of colon cancer: Human studies. Journal of the American
College of Nutrition, 18, 379S —3918S.

Inges, S. A., Bird, C. L., Shikany, J.M., Frankl, H.D., Lee, E,R. and Haile, R.W. (1998). Plasma tocopherol and
prevalence of colorectal adenomas in a multiethnic population. Cancer Research, 58(4), 661-666.

International Association for Cancer Registeries. (2002). Globocan 2002: Cancer Incidence, Mortality and
Prevalence Worldwide, Version 1.0. Retrieved on http://www-dep.iarc.fr.

Jacobs, E. T., Guiliano, A.R., Roe, D. J., Guillen-Rodriguez, J.M., Hess, L. M., Alberts, D.S. and Martinez, M.
E. (2002). Intake of supplemental and total fiber and risk of colorectal adenoma recurrence in the Wheat
Bran Fiber Trial. Cancer Epidemiology, Biomarkers and Prevention, 11(9), 906 — 914.

Jacobs, E. T., Alberts, D.S., Benuzilo, J., Hollis, B.W., Thompson, P.A. and Martinez, M.E. (2007). Serum
25(oh)d levels, dietary intake of vitamin d, and colorectal adenoma recurrence. The Journal of Steroid
Biochemistry and Molecular Biology, 103(3-5), 752 —756.

Kahn, H. S., Tatham, .M., Thun, M.J. and Heath, C.W. (1998). Risk factors for self — reported colon polyps.
Journal of General Internal Medicine, 13,303 —310.

Kesse, E., Boutron-Ruault, M.C., Norat, T., Riboli, E., Clavel-Chapelon, F. and E3N Group. Dietary calcium,
phosphorus, vitamin D, dairy products and the risk of colorectal adenoma and cancer among french women
of the e3n-epic prospective study. International Journal of Cancer, 117(1), 137 — 144.

Lanza, E. et al. (2007). The polyp prevention trial-continued followed up study: No effect of a low-fat, high fiber,
high-fruit, and-vegetable diet on adenomas recurrence 8 years after randomization. Cancer Epidemiology,
Biomarkers and Prevention, 16, 1745 — 1752.

Lee, Y.S. (1987). Adenomas, metaplastic polyps and other lesions of the large bowel: An autopsy survey.
Annals Academy of Medicine, 16,412 — 420.

Lipkin, M., Reddy, B., Newmark, H. and Lamprecht, S.A. (1999). Dietary factors in human colorectal cancer.
Annual Reviwew of Nutrition, 19, 545-586.

Lubin, F., Rozen, P., Arieli, B., Farbstein, M., Knaani, Y., Bat, I. and Farbstein, H. (1997). Nutritional and
lifestyle habits and water-fiber interaction in colorectal adenomas etiology. Cancer Epidemiology,
Biomarkers and Prevention, 6, 79 — 85.

Ma, X. and Yu, H. (2006). Global burden of cancer. Yale Journal of Biology, 79(3-4), 85 — 94.

Mac Lennan, R. ef al. (1995). Randomized trial of intake of fat, fiber and beta carotene to prevent colorectal
adenomas. Journal of The National Cancer Institute, 87, 1760 — 1766.

Malila, N., Virtamo, J.,Virtanen, M., Albanes, D., Tangrea, J.A. and Huttunen, J.K. (1999). The effect of
a-tocopherol and f-carotene supplementation on colorectal adenomas in middle-aged male smokers.
Cancer Epidemiology, Biomarkers and Prevention, 8, 489-493.

334 Pertanika J. Sci. & Technol. Vol. 18 (2) 2010



Dietary Risk Factors for Colorectal Adenomatous Polyps: A Mini Review

Martinez, M. E., Henning, S.M. and Alberts, D.S. (2004). Folate and colorectal neoplasia: Relation between
plasma and dietary markers of folate and adenoma recurrence. American Journal of Clinical Nutrition,
79(4), 691 — 697.

Martinez, M. E. et al. (2006). Folate fortification, plasma folate, homocysteine and colorectal adenoma
recurrence. International Journal of Cancer, 119(6), 1440 — 1446.

Mathew, A., Peters, U., Chatterjee, N., Kulldorff, M. and Sinha, R. (2004). Fat, fiber, fruits, vegetables and
risk of colorectal adenomas. International Journal of Cancer, 108(2), 287 —292.

Methy, N., Binquet, C., Boutron-Ruault, M.C., Pailot, B., Faivre, J. and Bonithon-Kopp, C. (2008). Dietary
fatty acids and recurrence of colorectal adenomas in a European intervention trial. Nutrition and Cancer,
60(5), 560 — 567.

Miller, E. A., Keku, T.O., Satia, J.A., Martin, C.F., Galanko, J.A. and Sandler, R.S. (2007). Calcium, dietary,
and lifestyle factors in the prevention of colorectal adenomas. Cancer, 109(3), 510 — 517.

Michels, K. B., Giovannucci, E., Chan, A.T., Singhania, R., Fuchs, C.S. and Willet, W.C. (2006). Fruit and
vegetable consumption and colorectal adenomas in the nurses’ health study. Cancer Research, 66(7),
3942 —3953.

Nagata, C., Shimizu, H., Kametani, M., Takeyama, N., Ohnuma, T. and Matsushita, S. (2001). Diet and
colorectal adenoma in Japanese males and females. Dis colon rectum 44(1), 105 -111.

National Cancer Institute. (2006). Eat 5 to 9 servings of fruits and vegetables for better health. Retrieved from
http://www.5aday.gov.

National Cancer Registry (NCR). (2004). Cancer incidence in Malaysia 2003. In G. C. C. Lim and Y. H.
Halimah (Eds.), National Cancer Registry, Kuala Lumpur.

National Cancer Registry (NCR). (2008). Cancer incidence in peninsular Malaysia 2003-2005. In G. Lim, S.
Rampal and H. Yahya (Eds.), Third report of the National Cancer Registry.

Oh, K. W., Willet, C., Fuschs, C.S. and Giovannucci, E. (2005). Dietary marine n-3 fatty acids in relation to
risk of distal colorectal adenomas in women. Cancer Epidemiology, Biomarkers and Prevention, 14(4),
835 —841.

Olschwang, S. (2002). Familial adenomatous polyposis, orphanet encyclopedia. Retrieved from http://orphanet.
infobiogen.fr/data/patho/gb/uk-fap.html.

Olson, J. A. (1994). Needs and sources of carotenoids and vitamin. Annual Review of Nutrition, 52, 67 — 73.

Pergament, E. (2003). Hereditay nonpolyposis colon cancer. Retrieved from http://wwwintouchlive.com/home/
frames.htm?http://www.intouchlive.com/cancergenetics/hnpcc.htmé&3.

Peters, U. et al. (2004). Calcium intake and colorectal adenoma in a us colorectal cancer early detection
program. American Journal of Clinical Nutrition, 80, 1358-1365.

Platz, E. A., Giovannucci, E., Rimm, E.B., Rockett, H.R., Stampfer, M.J., Colditz, G.A. and Willet, W.C.
(1997). Dietary fiber and distal colorectal adenoma in men. Cancer Epidemiology, Biomarkers and
Prevention, 6(9), 661-70.

Platz, E. A., Hankinson, S.E., Hollis, B.W., Colditz, G.A., Hunter, D.J., Speizer, F.E. and Giovannucci, E. (2000).
Plasma 1,25-dihydroxy- and 25-hydroxyvitamin d and adenomatous polyps of the distal colorectum.
Cancer Epidemiology, Biomarkers and Prevention, 9, 1059 — 1065.

Robertson, D. J., Sandler, R.S., Haile, R., Tosteson, T.D., Greenberg, E.R., Grau, M. and Baron, J.A. (2005).
Fat, fiber, meat and the risk of colorectal adenomas. The American Journal of Gastroenterology, 100(12),
2789-95.

Pertanika J. Sci. & Technol. Vol. 18 (2) 2010 335



Ramadas, A., Kandiah, M., Jabbar, F. and Zarida, H.

Rock, C. L. (1997). Carotenoids: Biology and treatment. Pharmacol Therapy, 75, 185-197.

Ross, A. C. and Temus, M.E. (1993). Vitamin a as a hormone: Recent advances in understanding the actions
of retinol, retinoic acid and carotene. Journal of the American Dietetic Association, 93, 1285 — 1290.

Schatzkin, A., Lanza, E., Corle, D., Lance, P, Iber, F., Caan, B., Shike, M., Weissfeld, J., Burt, R., Cooper,
M.R., Kikendall, J.W., Cahill, J., Freedman, 1., Marshall, J., Schoen, R.E. and Slattery, M. (2000). Lack
of effect of a low-fat, high-fiber diet on the recurrence of colorectal adenomas. The New England Journal
of Medicine, 342, 1149-1155.

Senesse, P., Touvier, M., Kesse, E., Faivre, J. and Boutron-Ruault, M-C. (2005). Tobacco use and associations of
[-carotene and vitamin intakes with colorectal adenoma risk. Journal of Nutrition, 135, 2468 —2472.

Shikany, J. M., Witte, J.S., Henning, S.M., Swendseid, M.E., Bird, L.C., Frankl, H.D., Lee, E.R. and Haile,
R.W. (1997). Plasma carotenoids and the prevalence of adenomatous polyps of distal colon and rectum.
American Journal of Epidemiology, 145(6), 552-557.

Sinha, R., Chow, W.H., Kulldorff, M., Denobile, J., Butler, J., Garcia-Closas, M., Weil, R., Hoover, R.N.
and Rothman, N. (1999). Well-done, grilled red meat increases the risk of colorectal adenomas. Cancer
Research, 59, 4320 — 4324.

Sinha, R., Peters, U., Cross, A.J., Kulldorff, M., Weissfeld, J.L., Pinsky, P.E., Rothman, N. and Hayes, R.B.
Meat, meat cooking methods and preservation, and risk for colorectal adenoma. Cancer Research, 65(17),
8034 — 8041.

Smith-Warner, S. A. ef al. (2002). Fruits, vegetables and adenomatous polyps. American Journal of
Epidemiology, 155(12), 1104 —1113.

Sporn, M.B. (1983). Retinoids and suppression of carcinogenesis. Hospital Practice, 18(10), 83-98.

Tiemersma, E. W. ez al. (2004). Risk of colorectal adenomas in relation to meat consumption, meat preparation,
and genetic susceptibility in a dutch population. Cancer Causes Control, 15(3), 225 —236.

Traber, M. G. and Packer, 1. (1995). Vitamin E: Beyond antioxidant function. American Journal of Clinical
Nutrition, 62(suppl), 1501 — 1519.

Tseng, M., Murray, S. C., Kupper, I. L. and Sandier, R.S. (1994). Micronutrients and the risk of colorectal
adenomas. American Journal of Epidemiology, 144, 1005-1014.

Van Den Donk, M. et al. (2005). Dietary intake of folate and riboflavin, mthfr c677t genotype, and colorectal
adenomas risk: A Dutch case-control study. Diseases of Colon and Rectum, 42(2),212 —217.

Van Poppel, G. and Van Den Berg, H. (1997). Vitamins and cancer. Cancer Letters, 114, 195-202.

Vinokoor, I. C. et al. (2008). Consumption of trans-fatty acid and its association with colorectal adenomas.
American Journal of Epidemiology, 168(3), 289 —297.

Ward, M. H. et al. (2007). Processed meat intake, cyp2a6 activity and risk of colorectal adenoma.
Carcinogenesis, 28(6), 1210-1216.

Whelan, R. L., Horvath, K.D., Gleason, N.R., Forde, K.A., Treat, M.A., Teitelbaum, S. L., Bertram, A.
and Neugut, A.L. (1999). Vitamin and calcium supplements use is associated with decreased adenoma
recurrence in patients with a previous history of neoplasia. Diseases of the Colon & Rectum, 42(2),
212 -217.

Witte, J. S., LongneckeR, M.P., Bird, C.L., Lee, E.R., Frankl, H.D. and Haile, R. W. (1996). Relation
of vegetable, fruit, and grain consumption to colorectal adenomatous polyps. American Journal of
Epimediology, 144(11), 1015-25.

336 Pertanika J. Sci. & Technol. Vol. 18 (2) 2010



Dietary Risk Factors for Colorectal Adenomatous Polyps: A Mini Review

World Cancer Research Fund. (2007). Food, nutrition and physical activity and the prevention of cancer: A
global perspective. American Institute for Cancer Research, Washington.

World Health Organization. (2003). Global Strategy on Diet, Physical Activity and Health. Geneva: WHO.

Wu, K., Giovannucci, E., Byrne, C., Platz, E.A., Fuchs, C., Willet, W.C. and Sinha, R. (2006). Meat mutagens
and risk of distal colon adenoma in a cohort of U.S. men. Cancer Epidemiology, Biomarkers and
Prevention, 15(6), 1120 — 1125.

Yamaji, Y., Mitusushima, T., Ikuma, H., Watabe, Okamoto, M., Kawabe, T., Wada, R., Doi, H. and Omata,
M. (2004). Incidence and recurrence rates of colorectal adenomas estimated by annually repeated
colonoscopies on asymptomatic Japanese. Gut, 53, 568-572.

Pertanika J. Sci. & Technol. Vol. 18 (2) 2010 337



Ramadas, A., Kandiah, M., Jabbar, F. and Zarida, H.

TABLE 1

Summary of studies on dietary factors and risk of colorectal adenomas

Factor Authors Year Study design Sample size Results
Dietary fat Mac Lennan 1995 | RCT 411 subjects | Low fat diet insignificantly
etal. reduced the risk of large
adenomas after 48 mo (OR
=0.3,95% CI=0.1 - 1.0).

Mathew et al. | 2004 | Case-control 239 subjects | Total fat (OR = 1.07, 95%
with history | CI=0.94 —1.22) and red
of CRA & meat fat (OR = 1.20, 95%
238 healthy CI=0.71 —2.04) increased
controls the risk.

White meat fat reduced the
risk (OR =0.33,95% CI =
0.19-0.95).

Diergaarde 2005 | Case-control 278 cases High intake of fat seemed to

et al. and 414 increase the risk of APC(-)
polyp-free polyps only (OR = 1.9, 95%
controls CI=1.0-3.7).

Oh et al. 2005 | Cohort 34,451 US Dietary marine n-3 fatty
women acids reduced the risk of
followed up | small adenomas (RR =
for 18 years 1.36,95% CI=1.02 —

1.81).

Methy et al. 2008 | RCT 523 patients | There were no significant
with associations between
confirmed overall adenoma recurrence
adenomas and either total fat, subtypes

of fat, or specific fatty
acids.

Polyunsaturated fatty acids
and linoleic acid were both
moderately but significantly
associated with distal and
multiple recurrence.
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Vinikoor et 2008 | Cross-sectional 622 subjects | Increased prevalence of
al. CRA in those with the
highest compared to the
lowest quartile of trans-
fatty acids (OR = 1.86, 95%
1.04 -3.33).
Dietary Giovannucci 1992 | Cohort 7284 male Low intake of dietary fibre
fibre etal. (part of Health health increased the risk (RR =
Professionals professionals | 8.4,95% CI=0.2—-0.6).
Follow-up
Study)
Platz et al 1997 | Case-control 159 men Reduction in the risk for
(part of Health with distal adenomas by 19%
Professional adenomatous | with increased intake of
Follow-up polyps, 327 soluble fibre from fruit.
Study) men with
hyperplastic
polyps and
16,448
healthy men
as controls
Fuchs et al. 1999 | Cohort (part of 88,000 Lack of protective effect of
Nurses’ Health women (16 dietary fibre (OR = 0.91,
Study) years follow- | 95% CI=0.71 - 1.16).
up)
Schatzkin 2000 | RCT (Polyp 2079 No significant association
et al. Prevention Trial) | subjects with | between dietary fibre and
history of recurrence of adenomas
CRA (unadjusted OR = 1.00,
95% CI=0.90 -1.12).
Similar findings after 4
years of follow up (Lanza et
al., 2007).
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Jacobs et al.

2002

RCT (Wheat
Bran Trial)

1208
subjects

Compared with individuals
consuming less than 1.8 g/
day of supplemental fibre,
the adjusted OR (95% CI)
for adenoma recurrence for
those consuming greater
than 11.0 g/day was 0.94
(0.66-1.33).

The OR (95% CI) for
participants whose total
fibre intake was greater than
30.3 g/day was 0.98 (0.68-
1.42) compared with those
whose intake was less than
17.9 g/day.

Peters et al.

2004

Case -control
(part of PLCO
trial)

3696 cases
and 34 817
controls

High intake of dietary fibre
reduced the risk by 27%
(95% CI =14 - 38).

Lanza et al.

2007

RCT (PPT-
Continued
Follow-up
Study)

405
intervention
participants
and 396
control
participants

RR of recurrent adenoma
in the intervention group
compared with the control
group was 0.98 (95% CI =
0.88-1.09).

There were no significant
intervention-control group
differences in recurrence

of an advanced adenoma
(RR =1.06, 95% CI=0.81-
1.39) or multiple adenomas
(RR=0.92,95% CI=0.77-
1.10).

Red meat

Sinha et al.

1999

Case-control

149 cases
with history
of CRA and
228 healthy
controls

Total red meat consumption
(OR=1.11,95% CI =

0.96 — 1.26), grilled red
meat (OR = 1.26, 95% CI =
1.06 — 1.50) and pan-fried
red meat (OR —1.15, 95%
CI=0.97 — 1.36) increased
the risk.
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Breuer- 2001 | Case-control 184 cases Red meat from increase the
Katschinski (Colorectal with history | risk in cases compared to
et al. Adenoma Study | of CRA and hospital controls (or = 3.6,
Group) matched 95% CI=1.7-17.5) and
controls population controls (OR =
4.4,95%CI=1.6—-12.1).
Chiu and 2004 | Case-control 146 Risks were higher for those
Gapstur colorectal with the smallest reduction
adenomas in red meat intake (OR =
and 226 2.8,95% CI=1.1-7.3).
controls
Tiemersma 2004 | Case-control 431 adenoma | HCAs were present in
etal. cases and habitually prepared meat,
433 polyp- although meat consumption
free controls | (7 versus < 5x/week) did
not increase the risk of
colorectal adenomas (OR =
1.2,95% CI =0.8-1.9).
Presumed unfavourable
preparation habits of meat
did not increase adenoma
risk (OR 0.8 and 0.9,
respectively).
Diergaarde 2005 | Case-control 278 cases Red meat consumption was
etal. and 414 significantly and differently
polyp-free related to polyps with
controls truncating APC mutation
(APC(+) polyps) (highest
vs. lowest tertile, OR = 0.5,
95% CI=0.3-1.0).
High intake of red meat
seemed to increase the
risk of APC(-) polyps only
(APC(-) vs. controls: red
meat, OR = 1.8, 95%
CI=1.0-3.1).
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Gunter et al. 2005 | Case-control 261 cases Consistent with this finding,
and 304 an incremental increase of
controls 10 g of barbecued red meat

per day was associated with
a 29% increased risk of
large adenoma (OR = 1.29,
95% CI =1.02-1.63).

Individuals in the top
quintile of barbecued

red meat intake were at
increased risk of large
adenoma (OR =1.90, 95%
CI=1.04-3.45) compared
with those who had never
consumed barbecued red
meat.

The consumption of
oven-broiled red meat

was inversely related to
adenoma risk compared
with non-consumers (OR =
0.49, 95% CI = 0.28-0.85).

Sinha et al. 2005 | Case-control 3,696 Intake of red meat, with
left-sided known doneness/cooking
adenoma methods, was associated
cases and with an increased risk of
34,817 adenoma in the descending
endoscopy- and sigmoid colon (OR
negative =1.26,95% CI = 1.05-
controls 1.50 comparing extreme

quintiles of intake) but not
rectal adenoma.

Well-done red meat was
associated with increased
risk of colorectal adenoma
(OR =1.21,95% CI = 1.06-
1.37).
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Wu et al. 2006 | Cohort (Health 581cases Higher consumption
Professionals with distal of mutagens from
Follow-up Study | adenoma meats cooked at higher
cohort) temperature and longer

duration may be associated
with higher risk of distal
colon adenoma independent
of overall meat intake

(OR highest versus lowest
quintile of meat-derived
mutagenity = 1.29, 95% CI
=0.97-1.72).

Ward et al. 2007 | Case-control 146 cases of | Two-fold increased risk in
colorectal the highest compared to the
adenoma and | lowest quartile of processed
228 polyp- meat intake (95% CI = 1.0-
free controls | 4.0).

Fruits and Witte et al. 1996 | Case-control 488 matched | High carotenoid and

vegetables pairs. cruciferous vegetables, high
vitamin C fruits, garlic and
tofu reduced the risk.

Smith-Warner | 2002 | Case-control 564 cases Juice consumption reduced

et al. with history | the risk in women (OR
of CRA, 682 | =0.50,95% CI=0.27 -
polyp-free 0.92).
controls
and 535
community
controls

Almendingen | 2004 | Case-control 28 cases Weak association between

etal. with history | adenomas growth and fruit/
of CRAand | berries (OR = 0.3, 95% CI
34 matched =0.1-10.9) and between
controls adenoma recurrence and
followed up | vegetable intake (OR = 0.4,
for 3 years 95% CI=0.1-0.9).

Chiu and 2004 | Case-control 146 Individuals in the highest

Gapstur colorectal quartile of increased
adenomas consumption vegetables
and 226 (OR=0.5;CI=0.3-1.1)
controls had a lower risk compared

with those with minimal
increase in consumption.
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Michels et al. | 2006 | Cross-sectional 1720 Frequent consumption
(Nurses’ Health prevalent of fruit was inversely
Study) cases in related to the risk of being

women diagnosed with polyps
(OR >5 servings vs <1
servings = 0.60, 95% CI =
0.44 — 0.81), whereas little
association was found for
vegetable consumption (OR
=0.82,95% CI=0.65 -
1.05).

Austin et al. 2007 | Case-control 203 cases High vegetable-moderate
with history | meat cluster (OR =2.17,
of CRAand | 95% CI=1.20=-3.90)

522 controls | and high meat cluster (OR
without CRA | 1.70, 95% CI = 1.04 — 2.80)
increased the risk.
Vitamin A Giovannucci 1993 | Case-control 564 cases Higher intake of vitamin A
et al. (using subjects of women did not protect from the risk
from Nurses’ with CRA (OR=0.91, 95% CI =0.69
Health Study and 15,984 —-1.19).
and Health control
Professionals women.
Follow-up 331 cases
Study) of men with
CRA and
9490 control
men

Enger et al. 1996 | Case-control 488 matched | Dietary vitamin A decreased

pairs the risk only before
adjusting for confounders
(OR=10.60,95%CI=04
—-0.9).

Lubin et al. 1997 | Case-control 196 cases No significant relationship
with CRA was found between dietary
and matched | retinol and the risk (OT =
healthy 0.9, 95% CI=0.5-1.6).
controls.

Nagata et al. 2001 | Case-control 279 cases Higher vitamin A intake
(part of the with CRA was significantly associated
cohort of and 28361 with increased risk (RR
Takayama Study, | polyp-free =1.51,95% CI=1.04 -
Japan) controls 2.20).
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Carotenoids | Enger ef al. 1996 | Case-control 488 matched | Only b-carotene was
pairs associated with the risk
(p=0.04).

Lubin et al. 1997 | Case-control 196 cases Highest tertile of carotene
with CRA intake reduced the risk by
and matched | 40% (OR = 0.6, 95% CI =
healthy 0.3 — 1.0) compared to the
controls lowest.

Shikany et al. | 1997 | Case-control 472 cases No association between
with CRA individual plasma
and 502 carotenoids and the risk.
matched
controls

Malila et al. 1999 | RCT (ATBC 15,538 Supplementation with

Study) ATBC study | b-carotene had no effect on
participants the risk (RR =0.98, 95% CI
with 146 =0.71 — 1.35).
cases with
CRA

Erhardlt ez al. | 2003 | Observational 73 white Plasma lycopene

study subjects with | significantly lowered the
history of risk by 35%.
adenomas,
63 without
any polyps,
and 29 with
hyperplastic
polyps

Senesse et al. | 2005 | Case-control 362 cases [-carotene intake was
with CRA inversely associated with
and 427 the risk in non-smokers OR
polyp-free =0.4,95% CI=0.2-0.9)
controls but increased the risk in
stratified smokers (OR = 1.9, 95% CI
according =0.9-4.1).
to smoking
status
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Vitamin C Benito et al. 1993 | Case-control 79 cases Higher intake of vitamin
with history | C lowered the risk by 63%
of CRA and (p<0.01).

242 healthy
controls
Enger et al. 1996 | Case-control 488 matched | Insignificant weak
pairs association between vitamin
C intake and the risk (OR =
0.8,95% CI=0.5—-1.5).
Tseng et al. 1996 | Case-control 236 cases Significant reduction in the
with CRA or | risk only in women.
cancer and

409 controls

Connelly et 2003 | Cross-sectional 503 High vitamin C intake was
al. (within Diet and | participants associated with reduced
Health Study III) | who colorectal apoptosis only
underwent among individuals with

rectal biopsy | adenomas.

Vitamin E Tseng et al. 1996 | Case-control 236 cases Protective effect of vitamin
with CRA or | E intake only in men (OR
cancer and =0.35,95% CI=0.14 -

409 controls | 0.92).

Ingles et al. 1998 | Case-control 332 subjects | No significant association
with history | with plasma tocopherols

of CRAand | and the risk, but higher

363 healthy ratio of a-tocopherol:y-
controls tocopherol lowered the risk
for large adenomas (OR
=0.36,95% CI=0.14 -
0.95).

Whelan et al. | 1999 | Case-control 448 cases Vitamin E supplements
with history | lowered the risk (OR

of CRAand | —0.62,95% CI=0.39 —
714 healthy | 0.98).

controls
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Vitamin D Hofstad et al. | 1998 | RCT 42 in the Significant reduction
and calcium intervention | in risk with calcium
group and supplementation compared
51 in the to placebo (Mean difference
placebo =2.3mm, 95% CI = 0.26-
group. All 4.306).
subjects with
history of
CRA
Baron et al. 1999 | RCT (Polyp 409 in the Moderate but significant
Prevention Study | calcium reduction in risk with
Group) group and calcium supplementation
423 in the (OR =0.76, 95% CI = 0.60
placebo - 0.96).
group. All
subjects with
history of
CRA
Bonitton- 2000 | RCT (ECPO 176 in Significant reduction
Kopp et al. Study Group) calcium in risk with calcium
group, 198 in | supplementation (OR =
fibre group 0.66, 95% C1 0.38-1.17).
and 178
in placebo
group. All
subjects with
history of
CRA
Platz et al. 2000 | Case-control 326 matched | Plasma 1,25(OH),D
(within Nurses’ women case | concentration below
Health Study) and control 26.0ug/ml increased the
pairs risk of distal adenoma.
Grau et al. 2003 | RCT 398 in High level of vitamin D
intervention | together with calcium
group and supplementation lowered
405 in the risk (RR =0.71, 95%
placebo CI=0.57 to 0.89, P for
group interaction=0.012).
Peters et al. 2004 | Case-control 3693 cases The risk decreased by 26%
(within PLCO with history | for every 10ng/ml increase
Trial) of CRA in serum 25-(OH)D.
and 34 817
healthy
controls
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Hartman
et al.

2005

Cross-sectional
(within PPT)

754 adenoma
cases

There were no overall
significant associations
between adenoma
recurrence and dietary
calcium, total calcium and
dietary vitamin D intake.

Total vitamin D intake

was weakly and inversely
associated with adenoma
recurrence (OR = 0.84, 95%
CI=0.62-1.13).

Supplemental calcium
and vitamin D use during
follow-up was also
inversely associated with
adenoma recurrence (OR
for any compared with
no use = 0.82, 95% CI =
0.68-0.99; and OR = 0.82,
95% CI = 0.68-0.99 for
calcium and vitamin D,
respectively).

Kesse et al.

2005

Case-control

516 adenoma
cases and of
4,804 polyp-
free subjects

There was a decreasing
trend in the risk of adenoma
(p=0.04) with increasing
calcium intake (RR = 0.80,
95% CI ==0.62-1.03 in the
fourth quartile compared to
the first).

No vitamin D effect was
identified.

Jacobs et al.

2007

Cross-
sectional

568 subjects

Insignificant reduction in
risk for recurrence of CRA
in highest tertile compared
to the lowest tertile of
serum 25(0OH) D levels (OR
=0.78, 95% CI =0.49 —
1.24).

Insignificant reduction in
risk was seen in women
(OR 25(OH)D above
median vs. below median
=0.59 (95% CI =0.30 —
1.16).
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Miller et al. 2007 | Case-control 222 cases Little association was
and 479 observed comparing total
adenoma- calcium intake of > 900
free controls | mg/day to < 500 mg/day
(adjusted OR = 0.85, 95%
CI=0.53-1.37).
Total calcium intake of >
900 mg/day was associated
with a lower prevalence of
adenomas among patients
with lower fat intake (OR =
0.47,95% CI=0.25-0.91).
Folate Benito et al. 1993 | Case-control 79 cases Reduction of risk by 25% in
with history | those with folate intakes >
of CRA and 222ug/day as compared to
242 healthy those with < 141ug/day.
controls
Martinez 2004 | Cross-sectional 1014 Lower odds of recurrence
et al. subjects were shown for higher
plasma folate (OR = 0.66,
95% CI=0.46 -0.97) and
higher total intakes (dietary
plus supplemental) of folate
(OR=0.61,95% CI=0.42
- 0.89).
Van den Donk | 2005 | Case-control 768 cases Folate is a risk factor when
et al. with history | vitamin B12 intake is low
of CRAand | (OR=1.32,95% CI=1.01
709 healthy - 1.73).
controls
Martinez et 2006 | RCT (wheat WBEF trial Among non-multivitamin
al. bran fiber - 1014 users, the OR for those
(WBF) and the subjects. in the highest versus the
ursodeoxycholic | UDCA trial — | lowest folate quartile was
acid (UDCA) 1111 subjects | 0.65 (95% CI =0.40-1.06)
trials) for the WBF study and 0.56
(0.31-1.02) for the UDCA.
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