





Downloaded from cebp.aacrjournals.org on December 8, 2021. © 1996 American Association for Cancer Research.



498

Food, Water, and Colon Cancer Risk

Table 2 Odds ratios (OR) for colon cancer associated with quartiles of food groupings adjusted for age and total energy among men

Quartiles of intake

P
Food group | 5 3 . Trend

Fruit/vegetable servings/day 0-1.8 >1.8-34 >3.4-5.0 >5.0

No. of cases/controls 48/58 78/57 62/53 50/56

OR (95% CI) 1.00 1.53 (0.90-2.58) 1.28 (0.74-2.22) 0.93 (0.52-1.64) 0.95 (0.80-1.14) 0.61
Fruit servings/day 0-0.46 >0.46-1.0 >1.0-1.7 >1.7

No. of cases/controls 54/56 78/54 57/57 49/57

OR (95% CI) 1.00 1.50 (0.89-2.53) 1.02 (0.60-1.74) 0.77 (0.44-1.36) 0.89 (0.75-1.06) 0.21
Vegetable servings/day 0-1.20 >1.2-2.0 >2.0-35 >35

No. of cases/controls 57/56 64/58 68/54 49/56

OR (95% CI) 1.00 1.05 (0.62-1.77) 1.13 (0.66-1.92) 0.78 (0.45-1.35) 0.94 (0.79-1.11) 0.46
Bread/cereals servings/day 0-2.3 >23-34 >3.4-5.0 >5.0

No. of cases/controls 54/54 66/57 77156 41/57

OR (95% CI) 1.00 0.89 (0.51-1.54) 0.89 (0.50-1.57) 0.43 (0.22-0.82) 0.78 (0.63-0.96) 0.02
Total cereals servings/day 0-0.07 >0.07-0.33 >0.33-0.76 >0.76

No. of cases/controls 69/61 57/51 67/56 45/56

OR (95% CI) 1.00 0.95 (0.57-1.61) 1.03 (0.62-1.70) 0.67 (0.39-1.14) 0.90 (0.76-1.06) 0.22
Total dairy servings/day 0-1.20 >1.20-2.14 >2.14-3.32 >3.32

No. of cases/controls 39/57 74/54 78/57 47/56

OR (95% CI) 1.00 1.82 (1.05-3.16) 1.57 (0.89-2.76) 0.92 (0.49-1.71) 0.96 (0.79-1.17) 0.68
High-fat dairy servings/day 0-0.42 >0.42-0.78 >0.78-1.46 >1.46

No. of cases/controls 61/59 42/52 78/57 57/56

OR (95% CI) 1.00 0.64 (0.36-1.14) 1.06 (0.63-1.80) 0.73 (0.41-1.30) 0.96 (0.80-1.15) 0.65
Low-fat dairy servings/day 0-0.14 >0.14-0.65 >0.65-1.42 >1.42

No. of cases/controls 54/56 62/56 66/56 56/56

OR (95% CI) 1.00 1.27 (0.75-2.17) 1.35 (0.79-2.31) 1.00 (0.58-1.71) 1.00 (0.85-1.19) 094
Total meat servings/day 0-1.5 >1.5-19 >1.9-2.6 >2.6

No. of cases/controls 50/56 37/53 70/58 81/57

OR (95% CI) 1.00 0.79 (0.44-1.41) 1.18 (0.68-2.05) 1.52 (0.84-2.77) 1.17 (0.97-1.42) 0.11
Chicken/fish servings/day 0-0.28 >0.28-0.43 >0.43-0.66 >0.66

No. of cases/controls 47/56 55/54 61/55 75159

OR (95% CI) 1.00 1.17 (0.66-2.05) 1.24 (0.72-2.14) 1.33 (0.78-2.26) 1.10 (0.93-1.30) 0.29
Red meat servings/day 0-0.78 >0.78-1.2 >1.2-1.7 >1.7

No. of cases/controls 49/55 51/57 60/56 78/56

OR (95% CI) 1.00 1.00 (0.58-1.74) 1.05 (0.61-1.83) 1.48 (0.82-2.66) 1.05 (0.89-1.24) 0.53
Sweets Tbsp. sugar/day 0-1.8 >1.844 >4.4-8.0 >8.0

No. of cases/controls 54/56 76/56 56/56 52/56

OR (95% CI) 1.00 1.08 (0.63-1.86) 0.64 (0.35-1.17) 0.59 (0.31-1.11) 0.81 (0.66-0.99) 0.04
Total nonalcoholic beverage servings/day 0-6.1 >6.1-8.5 >8.5-119 >119

No. of cases/controls 69/59 73/58 52/58 57/58

OR (95% CI) 1.00 1.18 (0.70-1.99) 0.87 (0.51-1.49) 0.82 (0.48-1.42) 0.91 (0.77-1.09) 0.30
Water servings/day 0-1.0 >1.0-2.0 >2.0-4.0 >4.0

No. of cases/controls 84/69 63/54 59/63 32/38

OR (95% CI) 1.00 0.94 (0.57-1.54) 0.80 (0.49-1.31) 0.68 (0.38-1.22) 0.88 (0.74-1.05) 0.16

clearly associated with colon cancer risk. Among men, con-
sumption of hot cereal was associated with a decreased colon
cancer risk (OR for =1 serving/week versus 0, 0.53; 95% CI,
0.32-0.87; P for trend, 0.01); however, no association was
observed for either high- or low-fiber cold cereals. There was
no important association with colon cancer risk for yogurt, egg,
or coffee consumption among women or men.

The findings were generally consistent for proximal and
distal colon cancer, except for the association of total meat (red
meat, chicken, and fish; P = 0.04 for difference between sites)
and low-fat dairy products (P = 0.02) with colon cancer among
men. Total meat consumption among men was associated with
an increased risk for distal colon cancer only (OR for >2.6
servings/day versus =<1.5 servings/day, 2.20; 95% CI, 1.08-
4.48; P for trend, 0.01), and low-fat dairy product intake was
associated with an increased risk for proximal colon cancer
only (OR for >1.4 servings/day versus =0.14 servings/day,
2.23; 95% Cl, 1.01-4.9; P for trend, 0.08).

There was no association between frequency of eating and

colon cancer risk for either gender after adjusting for age and
total energy intake (data not shown).

Finally, all mutually exclusive significant dietary variables
were simultaneously entered into two gender-specific, multiple
logistic regression models. The point estimates of the ORs were
largely consistent with those obtained when adjusting only for
age and total energy (data not shown).

Discussion

The results of this population-based case-control study support
many of the findings of previous research, particularly findings
concerning a protective effect of a high consumption of fruits,
vegetables, breads, and cereals. Fruit and vegetable consump-
tion (combined and separate) were significantly associated with
reduced risk of colon cancer among women, although no as-
sociations were observed for men. High intakes of breads and
cereals as well as hot cereals (specifically oatmeal) were asso-
ciated with an approximate 50% reduction in risk of colon
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Table 3 Odds ratios (OR) for colon cancer associated with intake of selected foods adjusted for age and total energy among women

Food Level of intake Trend P

Hot cereal servings/week 0.0 >0-1.00 >1.00

No. of cases/controls 51/44 72/84 63/62

OR (95% CI) 1.00 0.69 (0.41-1.17) 0.82 (0.47-1.43) 0.92 (0.70-1.21) 0.57
High-fiber cereal servings/week 0.0 >0-2.00 >2.00

No. of cases/controls 169/166 10/10 714

OR (95% CI) 1.00 1.03 (0.41-2.59) 0.42 (0.16-1.08) 0.71 (0.46-1.08) 0.11
Low-fiber cereal servings/week 0.0 >0-2.00 >2.00

No. of cases/controls 96/95 51/50 39/45

OR (95% CI) 1.00 1.04 (0.63-1.70) 0.84 (0.50-1.42) 0.93 (0.72-1.20) 0.58
Yogurt servings/week 0.0 >0-1.00 >1.00

No. of cases/controls 102/95 55/54 29/41

OR (95% CI) 1.00 1.01 (0.62-1.63) 0.65 (0.37-1.16) 0.84 (0.64-1.11) 0.21
Egg servings/week <1.0 >1.00-3.00 >3.00

No. of cases/controls 37/46 79/64 70/80

OR (95% CI) 1.00 1.66 (0.95-2.89) 1.05 (0.59-1.86) 0.99 (0.75-1.31) 0.95
Coffee servings/day 0.0 >0-4.00 >4.00

No. of cases/controls 26/27 73/81 87/82

OR (95% CI) 1.00 0.87 (0.46-1.66) 1.04 (0.55-1.97) 1.06 (0.79-1.43) 0.69

Table 4 Odds ratios (OR) for colon cancer associated with intake of selected foods adjusted for age and total energy among men
Food Level of intake Trend 4

Hot cereal servings/week 0.0 >0-1.00 >1.00

No. of cases/controls 75/60 109/85 54779

OR (95% CI) 1.00 1.00 (0.63-1.56) 0.53 (0.32-0.87) 0.73 (0.57-0.93) 0.01
High-fiber cereal servings/week 0.0 >0-2.00 >2.00

No. of cases/controls 209/198 19/16 10/10

OR (95% CI) 1.00 1.08 (0.53-2.19) 1.07 (0.43-2.67) 1.05 (0.70-1.55) 0.83
Low-fiber cereal servings/week 0.0 >0-1.00 >1.00

No. of cases/controls 120/106 52/60 66/58

OR (95% CI) 1.00 0.76 (0.48-1.21) 0.95 (0.61-1.49) 0.96 (0.77-1.20) 0.70
Yogurt servings/week 0.0 >0-1.00 >1.00

No. of cases/controls 168/161 42/42 28/21

OR (95% CI) 1.00 0.98 (0.60-1.61) 1.27 (0.69-2.36) 1.09 (0.83-1.44) 0.54
Egg servings/week <1.0 >1.00-3.00 >3.00

No. of cases/controls 42/44 72172 124/108

OR (95% CI) 1.00 1.01 (0.58-1.74) 1.10 (0.65-1.85) 1.06 (0.82-1.36) 0.68
Coffee servings/day 0.0 >0-4.00 >4.00

No. of cases/controls 33/41 86/71 119/112

OR (95% CI) 1.00 1.39 (0.78-2.45) 1.21 (0.70-2.08) 1.04 (0.81-1.35) 0.75

cancer among men. Neither of these two food groups were
protective for women; however, total cereal intake (hot and
cold) was significantly protective among women.

In a recent review of the epidemiology of colon cancer,
Potter er al. (12) reported that the inverse association of veg-
etable intake with colon cancer risk was the most consistent
observation (23/28 studies show this inverse association). Sev-
eral more recent case-control studies have also shown a signif-
icant inverse association between fruit and vegetable consump-
tion and colon cancer risk (13-15). Interestingly, these results
have not been consistently duplicated in cohort studies. Two
cohort studies of women demonstrated only weak inverse as-
sociations of fruit and vegetable consumption or fruit and
vegetable fiber intake with colon cancer risk (16, 17). A recent
review by Jacobs et al. (18) reported that only five studies had
evaluated the association of whole grains and cereals with colon
cancer risk. Although four of these five studies had found an
inverse association between whole grain/meal and breads and
colon cancer risk, only one study showed a significant decrease
in risk. More frequently, breads and cereals have been evalu-
ated by their contribution of fiber to the diet, where a significant

inverse association with colon cancer has been found relatively
consistently (19).

Fiber (from fruits and vegetables and breads and cereals)
has been consistently related to colon cancer risk in epidemi-
ological studies: 25 of the 32 reviewed by Shankar and Lanza
(20) showed a reduced risk, and the metaanalysis of 13 case-
control studies by Howe er al. (21) yielded a highly significant
(P < 0.0001) inverse association with colon cancer risk. In the
previously published nutrient analyses of the present study, an
inverse association was found between dietary fiber intake and
colon cancer risk in both men and women (2). Dietary fiber is
considered a potentially anticarcinogenic agent, largely due to
its role in diluting bile acids and decreasing transit time (22). It
also has been suggested that fiber and, possibly more impor-
tantly, resistant starches may provide a protective effect via
fermentation in the gut and production of short chain fatty acids
(23, 24). Hague et al. (25) found this to be particularly true of
the short chain fatty acid sodium butyrate, which induced
apoptosis at physiological concentrations in all seven of the
colorectal tumor cell lines that were studied.

In addition to the contribution of fiber to the diet, fruits and
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vegetables may reduce the risk of colon cancer due to their high
levels of other potentially anticarcinogenic substances, includ-
ing indoles, isothiocyanates, dithiolthiones, folate, and antioxi-
dants such as B-carotene and vitamin C (26).

Intake of dairy products was associated with a reduced risk
of colon cancer among women in this study population, but not
among men. The results of previous investigations of dairy
products and/or calcium and colon cancer risk have been in-
consistent. Of 13 case-control studies that investigated the
possible association between calcium or dairy products (partic-
ularly milk) and incidence of colon cancer (9, 14, 27-37), 7
reported an inverse association (9, 14, 28, 30-33), with 4 of
these being statistically significant (9, 28, 32, 33). The likely
mechanism for the protective effect of dairy products centers
around their high calcium content. Studies have shown that
calcium may play a role in reducing colon cancer risk (a) by
binding to bile acids to form inert soaps, thereby indirectly
reducing cell proliferation (38) and (b) by directly reducing cell
proliferation through induction of terminal cell differentiation
(39). Nutrient analyses of the present study also indicated an
inverse association with calcium intake and colon cancer
among women (trend OR, 0.7 for one-quartile increments; 95%
CI, 0.6-1.0; Ref. 2). This protective effect of calcium, however,
may be reduced by the presence of high levels of fat (39). In the
present study, when high-fat and low-fat dairy products were
analyzed separately, an inverse association was seen among
women for consumption of only low-fat dairy products.

Total meat (chicken, fish, and red meat) consumption was
associated with a nonsignificant increase in risk of colon cancer
among men. When stratified by site (proximal/distal), this trend
became significant for distal colon cancer, with men in the
highest quartile of intake showing more than twice the risk of
those in the lowest quartile of intake. Among the women in our
study, there was no evidence of an association between meat
consumption and colon cancer risk. In the review by Potter et
al. (12), 16 of 27 studies showed an increased risk of colon
cancer with high meat consumption. However, three of five
prospective studies which examined meat intake reported no
association with colon cancer risk (17, 40-43). Meat is an
important source of saturated fat and animal protein, both of
which have been linked to colon cancer in multiple studies (7,
17, 44, 45). However, in the nutrient analysis of the current
study, neither total fat, saturated fat, nor protein were signifi-
cantly associated with colon cancer risk in men or women (2).
Another hypothesized mechanism for the role of meat in colon
carcinogenesis is that diets high in meat products contain large
amounts of heterocyclic amines or polycyclic aromatic hydro-
carbons from cooking meat protein at very high temperatures
(e.g.. baking, grilling, or barbecuing; Ref. 46). This may ex-
plain the increasing level of risk associated with increasing
meat intake, regardless of the fat content. Unfortunately, the
present study did not gather information regarding meat prep-
aration in adequate detail to address this hypothesis.

A particularly intriguing finding was that, although intake
of total nonalcoholic beverages was not associated with colon
cancer, there was a strong inverse association between water
intake (as measured by glasses of water/day) and risk of colon
cancer among women, and a corresponding inverse, although
nonsignificant, association among men. Prior studies assessing
water consumption in relation to cancer were ecological studies
of the role of water as a carrier of carcinogens, as a consequence
of chlorination or industrial contamination (47-50). However,
at a 1992 symposium on the potential chronic disease effects of
drinking water, the general consensus was that the evidence for
source of drinking water as a risk factor for colon cancer was

not convincing (47). Water intake as a “food” is rarely meas-
ured, although it plays a vital role in digestion and gut function.
Approximately 80-200 ml water are lost daily through feces.
With lower water intake, the fluid content of feces is reduced
and often leads to reduced fecal output and constipation (51,
52). In an animal study of the role of slow bowel transit, rats
were treated with 1,2-dimethylhydrazine, and constipation was
induced in the experimental group by reducing water intake
throughout the experiment. Upon sacrifice, there was an in-
creased number of colonic neoplasms in the experimental group
(P = 0.02; Ref. 53). This suggests that increased intake of water
may be an important factor in reducing colon cancer risk by
decreasing bowel transit time, which would reduce mucosal
contact with carcinogens, or by decreasing the concentration of
carcinogenic compounds in the water phase.

Gender differences were found for many of the associa-
tions evaluated in this study. Several previous epidemiological
studies have also demonstrated differences in risk factors for
colon cancer by gender (13, 54, 55). Biological mechanisms,
such as differing bile acid profiles and colonic pH, have been
proposed as potential reasons for these gender differences (56).
However, it is also likely that the gender differences noted in
this study population may be explained by behavioral differ-
ences among men and women (e.g., level of consumption,
precision of reporting) or simply by chance.

This research did not support previous findings regarding the
frequency of food intake and the colon cancer hypothesis (44).
However, our method for measuring frequency of food intake was
less detailed than that used by others. There was also no associa-
tion in this study between individual food items (yogurt, coffee, or
eggs) that have been associated with colon cancer in other studies
(7-9) and colon cancer risk among men or women.

The present study is limited by the measurement error
inherent in retrospective dietary studies and the potential error
created from conducting multiple comparisons. In an attempt to
reduce the amount of measurement error, our food frequency
questionnaire not only asked about consumption of specific
foods, but also gathered information on portion size, using both
standard measures and photographs. To account for the tend-
ency of subjects to consistently underreport or overreport their
intake (11), all analyses were adjusted for total energy intake.
Despite these efforts, there is a substantial amount of measure-
ment error in the food frequency questionnaires (3, 11), and
furthermore the error may be differential if the participants
modified their recall of what they ate in the past based on what
they are currently eating or based on published information
about diet and colon cancer.

Another limitation in this study is the possibility of selec-
tion bias. Approximately 25% of controls refused to participate,
which could have biased our results if the participants were
more health conscious than the nonparticipants. However, ad-
justment for other health behaviors such as physical activity,
hormone-replacement therapy, vitamin supplement use, and
alcohol consumption did not modify the associations presented.
In addition, 29% of the cases were unable or unwilling to
participate. The majority of these cases were lost due to death
or the severity of their illness; if a dietary factor were related to
disease severity, the association with disease may be distorted.

Overall, this research has added further support to the
hypothesis that intake of fruits, vegetables, cereal products, and
dairy products reduce the risk of colon cancer. The findings of
this study also add to a growing body of literature demonstrat-
ing differences in risk factors for men and women (13, 54, 55).
Finally, this study has also introduced a new and potentially
important finding concerning a possible beneficial effect of
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Appendix

Food Groupings

Food Groupings

Fruit

Orange. grapefruit, tangerine
Melons. dried apricots

Peaches. apricots

Apple. applesauce, banana, pear
Fruit cocktail. pineapple. prunes
Raisins, grapes, cherries, plums
Berries

Vegetable

Dried beans (baked beans, lentils, chili beans)
Tomato, tomato juice, V-8

Cooked greens (spinach, kale)

String and snap beans, asparagus

Zucchini, eggplant, summer squash

Peas, mixed vegetables

Carrots

Winter squash, sweet potatoes, yams

Broccoli

Cabbage. cauliflower, brussel sprouts, cole slaw
Lettuce. tossed green salad

Bread and cereal

Casseroles with cheese. noodles, meat (such as pizza, lasagna, spaghetti)
Casseroles with seafood or poultry (such as tuna noodle)
Casseroles with meat, vegetables (such as beef stew, chunky stew)
Cooked cereals

Cereals (ready to eat, granola)

Bread, rolls, tortillas, bagels

Muffins, pancakes, french toast. donut, sweet roll

Rice, potato, noodles, pasta. corn

Total cereals

Cooked cereals

Cereals (ready to eat, granola)

Total dairy group

Whole milk

1% or 2% milk

Skim milk, buttermilk

Chocolate milk, cocoa

Milk shakes, malts

Plain yogurt

Flavored yogurt

Diet or low-fat cottage cheese. low-fat cheese
Regular cottage cheese, ricotta, mozzarella, other part skim cheese
Regular cheddar, American, cream or other cheese
Ice cream, puddings, custard

Sherbet. ice milk, frozen yogurt

Cream soup made with water

Cream soup made with milk

High-fat dairy

Whole milk

Milk shakes, malts

Regular cheddar, American, cream or other cheese
Ice cream, puddings. custard

Low-fat dairy

1 or 2% milk

Skim milk or buttermilk

Plain yogurt

Flavored yogurt

Diet or low-fat cottage cheese. low-fat cheese
Sherbet. ice milk, frozen yogurt

Cream soup/water

Chicken/fish

Casseroles with seafood or poultry (such as tuna noodle)
Chicken, turkey

Shrimp. prawns. scampi

White fish (sole, snapper. cod. other), crab, clams, oysters
Salmon, tuna, halibut, trout

Red meat

Casseroles with cheese, noodles, meat (such as pizza, lasagna, spaghetti)
Casseroles with meat, vegetables (such as beef stew, chunky stew)

Lean ground beef, ham, lamb, veal

Roasts, chops, steaks (beef or pork)

Hamburger, ribs, pot roast

Bacon

Liver, chicken livers, organ meats

Wieners, luncheon meat, sausage

Sweets

Cookies, cakes

Pies (cream style)
Pies (fruit, nut, other)
Chocolate candy

All other candy
Sugar, jam, honey
Regular soft drinks

Nonalcoholic beverages

Water

Coffee

Decaffeinated coffee

Tea

Diet soft drinks

Regular soft drinks

Orange juice, other fruit drinks or juices
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