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TABLE 3

Relative risk (RR) of symptomatic diverticular disease. by quintiles of red meat, chicken and fish, and dairy fat consumption. adjusted for age.

dietary fiber, physical activity, and total energy

Dietary intake

Quintile

I 2 3 4 5 P for trend’

Red meat (g/d)2 16.0 39.4 65.9 97.4 144.4
Cases 52 81 86 82 84

RR (95% CI) 1.0 1.53 (1.07, 2.17) 1.59 (1.12. 2.28) 1.47 (1.01. 2.13) 1.48 (1.00. 2.19) 0.24

Chicken and fish (g/d)3 26.3 43.9 64.9 89.5 135.7

Cases 72 94 71 78 70

RR (95% CI) 1.0 1.36 (1.00, 1.86) 1.08 (0.77, 1.50) 1.21 (0.87, 1.68) 1.12 (0.79. 1.57) 0.95

Dairyfat(g/d)4 3.6 7.0 10.0 13.7 21.7

Cases 78 85 74 64 84

RR (95% CI) I .0 1 .09 (0.80. 1 .49) 0.93 (0.67, 1 .30) 0.78 (0.55, 1 . 1 1 ) 0.94 (0.67, 1 .34) 0.43

‘ Test for trend was calculated by using the median intake of the nutrient in each quintile as a continuous variable in a multiple logistic regression.
2 Data on red meat related to the following: beef, pork. or Iamb as a main dish (eg, steak, roast, and ham); pork. beef, or lamb as a sandwich or a

mixed dish (eg, stew, casserole, and lasagna); hamburger. hot dog, preserved meat (eg, sausage. salami. and bologna). and bacon.

3 Data on chicken and fish related to the following: chicken with skin, chicken without skin. canned tuna fish, dark-meat fish, other fish, shellfish

(eg. shrimp, lobster, and scallops).

4 Data on dairy fat were compiled from the following sources: skim or low-fat milk, whole milk, cream, sour cream, sherbet or ice milk, ice cream,

yogurt, cottage cheese. ricotta cheese, cream cheese, other cheese. and butter. Data do not include dairy products in baked products.

fat group compared with � 10% in the low-dietary-fiber/high-

red-meat or total fat group.

To evaluate the possibility that biased detection of diverticular

disease might have occurred among individuals who had an en-

doscopic procedure for routine screening on for gastrointestinal

conditions unrelated to diverticular disease, we restricted our

analysis to the 3484 participants who reported that they had a

colonoscopy and/or sigmoidoscopy between 1988 and 1992.

Among these men, the relationships between intake of energy-

adjusted dietary fiber and total fat, and risk of diverticular dis-

ease, were similar to those in the analysis including all men, when

included in a multiple logistic-regression model with age and

physical activity (dietary fiber RR = 0.58, 95% CI = 0.34, to

0.98; total fat RR = 1.38, 95% CI = 0.96, 1.96).

Discussion

These prospective data support the hypothesis that high intake

of dietary fiber reduces the risk of symptomatic diverticular dis-

ease, and that higher consumption of red meat and total fat in-

crease the risk independently of total energy intake. Risks were

particularly elevated among men with the combination of high

intake of total fat or red meat and low consumption of dietary

fiber. To our knowledge, total intake of fat or its different dietary

sources, and the intake of red meat have not been considered in

previous studies, except in a study in Greece (10).

In our data, fiber from fruit and vegetable sources, and not

from cereal fiber, was associated with a reduced risk of divertic-

ular disease. Fiber from cereal grains (mainly bran) is used in the

treatment of symptomatic diverticular disease because it in-

creases water-holding capacity, decreases fecal transit time and

increases the fecal output, and hence reduces constipation, which

is commonly associated with symptomatic diverticular disease.

Fermentable fiber (mainly from fruits and vegetables) also in-

creases fecal output by stimulating microbial growth. It has been

argued that this mechanism may be the most important mecha-

nism by which fiber increases fecal output from the human colon

(28). As a result of the stimulation of bacterial growth, dietary

fiber is degraded to short-chain fatty acids and other products

such as methane, hydrogen, and carbon dioxide. Luminal short-

chain fatty acids are recognized now as an important fuel source

for the colon (29), particularly in the distal colon, which is the

most common site for diverticular disease.

An association of red meat with diverticular disease was also

reported in an earlier case-control study in Greece ( I 0). In our

study, the intake of chicken and fish meat was not appreciably

associated with the risk of diverticular disease nor indeed was

animal protein, none of which have shown any consistent effect

on stool weight, or transit time (30). This supports the sugges-

tion that, under the influence of red meat intake, bacteria may

produce a ‘ ‘toxic metabolite’ ‘ or a spasmogen that weakens the

wall of the colon and favors the formation of diverticula (3 1).

Whether red meat may influence diverticular disease by stim-

ulating the release of bile acids through mechanisms unrelated

to its fat or protein content, and whether there is biological

interaction between dietary fiber and red meat needs to be cx-

plored. It was shown that patients with diverticubar disease had

a higher average daily fecal bile acid output than did control

subjects, which was reduced to near control values after the

administration of bran (32). These changes led some to believe

that symptomatic diverticulan disease is a motility disorder that

may be reversed by a higher intake of dietary fiber (33). The

finding that red meat might be involved in the etiology of di-

verticular disease may help to explain why vegetarians have a

lower prevalence of diverticulosis than expected on the basis of

their fiber intake ( I 2).

Whether the composition of fat consumed influences the risk

of diverticular disease is of importance. In our study, after age,

energy-adjusted dietary fiber, and physical activity were con-

trolled for, there was a positive association between vegetable

fat, polyunsaturated fatty acids, trans fatty acids, and total fat,
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TABLE 4
Age and energy-adjusted rdative risks (RR ) for foods associat ed with sympto matic diverticular disease

Frequency

<I/ Pfor

Food mo > 1-3/mo l/wk 2-4/wk 5-6/wk � l/d trend’

Beef. pork, or lamb as a main dish

(113.4-170.1 g.4-6oz)

Cases 23 62 136 137 252

RR(95%Cl) 1.0 .35(0.38.2.19) 1.96(1.25,3.09) 1.96(1.18, 3.27) 3.23(1.47,7.08)2 0.01

Processed meat

(one piece or slice)

Cases 86 107 85 74 272

RR(95%Cl) 1.0 1.17(0.87. 1.55) 1.41 (1.03, 1.94) 1.56(1.13,2.17) l.90(l.20,3.00)2 0.0008

Beef. pork. or lamb as a sandwich

or mixed dish

Cases 40 lOS 141 78 92

RR (95% Cl) .0 1.77 (1.23. 2.55) 2.13 (1.48, 3.08) 2.0 (1.27. 3.16) 1.98 (0.75. 5.21)2 0.002

Bacon (two slices)

Cases 122 108 91 49 92

RR (95% Cl) 1.0 1.19 (0.92. 1.55) 1.48(1.13. 1.96) 1.49 (1.05. 2.10) 1.07 (0.52. 2.19)2 0.009

Hot dogs (one)

Cases 124 160 73 18’

RR (95% Cl) 1.0 1.53 (1.21. 1.94) 1.86 (1.38. 2.51) 1.38 (0.84. 2.25)’ 0.001

Romaine or leafy lettuce

(one serving)

Cases 143 101 57 38 242

RR (95’5 Cl) 1.0 1.03 (0.80, 1.33) 0.87 (0.64, 1.18) 0.63 (0.44. 0.90) 0.73 (0.47, 1.12)2 0.008

Peaches, apricots. or plums lone

fresh or 100 g (0.5 cup)

cannedj

Cases 32 154 61 23 32

RR (95% Cl) 1.0 0.95 (0.75. 1.20) 0.85 (0.63. 1.15) 0.56 (0.36. 0.87) 0.23 (0.08, 0.70)2 0.002

Oranges (one)

Cases 87 98 61 75 352

RR (95% Cl) 1.0 0.88 (0.66, 1.16) 0.75 (0.54, 1.04) 0.76 (0.56, 1.03) 0.70 (0.48, 1.02)2 0.01

Apples (one)

Cases 59 70 l7l� 46 12

RR (95% Cl) 1.0 0.59 (0.42. 0.83) 0.66 (0.49, 0.88)’ 0.48 (0.33, 0.70) 0.77 (0.41, 1.44) 0.01

Blueberries ( 100 g. 0.5 cups)

Cases 263 79 l8�

RR (95% Cl) 1.0 0.75 (0.59, 0.96) 0.54 (0.33. 0.87)� 0.002

Ready-made cookies (one)

Cases 99 87 51 71 652

RR (95% Cl) I .0 1 . I 2 (0.84, 1 .49) 1 .23 (0.87, I .74) I .65 ( I .20. 2.26) I .69 ( I .22. 2.33)2 0.0002

Potato or corn chips lsmall bag

or28.35g(I oz)l

Cases 132 99 82 52 122

RR (95% Cl) 1.0 1.06 (0.82, 1.37) 1.42 (1.08. 1.88) 1.25 (0.89. 1.76) 1.16 (0.61, 2.18)2 0.007

French fried potatoes

(113.4 g.4oz)

Cases 125 128 82 4l�

RR (95% Cl) I .0 1 .20 (0.93, 1 .55) 1.49 ( I .09, 2.02) 1 .5 1 (0.97. 2.33) 0.009

White bread (one slice)

Cases 100 79 81’ 61 51

RR (95% Cl) 1.0 1.22 (0.91, 1.65) 1.60 (1.19, 2.14)’ 1.35 (0.98, 1.86) 1.51 (1.06. 2.16) 0.001

I Values add to less than the total number of subjects because of missing responses for specific foods.

2 Includes 5-6/wk and � l/d frequency categories.

‘ Includes 2-4/wk, 5-6/wk, and � l/d frequency categories.

4 Includes l/wk and 2-4/wk frequency categories.

, Includes l/wk, 2-4/wk, 5-6/wk, and � l/d frequency categories.

which was not statistically significant (Table 2). Dairy fat, which Considering that the majority of diverticular disease cases are

is one of the major sources of saturated fatty acids, was not as- asymptomatic, and that diagnosis is made when affected individ-

sociated with the risk of diverticular disease. However, in this uals develop symptoms, we explored the possibility that the as-

study the combination of high dietary fiber intake and low total sociations we observed were due to detection bias related to di-

fat on red meat intake was strongly associated with reduced risk etary intake. We restricted the study population to subjects who

of diventicular disease. had endoscopies within our follow-up period to eliminate spuri-
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ous associations due to any relationship between nutrient intake

and the rate of endoscopy. Among the subpopulation of men with

recent endoscopies, our findings were not appreciably different

from those in the eligible cohort. We have also examined the

possibility that the rate of endoscopies for abdominal symptoms

among our participants (excluding symptomatic diverticular dis-

ease cases) might be related to their nutrient intakes (eg, people

with low dietary fiber intake might have more abdominal symp-

toms, and hence more endoscopies). However, the opposite was

found; that is those participants who reported having endoscopies

for abdominal symptoms were in fact eating more dietary fiber

and less total fat. We therefore conclude that detection bias is

unlikely to have appreciably influenced our results.

Because we relied mainly on self report rather than on com-

plete medical records for all the positive respondents, we could

not exclude right-sided diverticulosis from our cases. However,

among the 108 cases for whom we obtained medical records,

exclusive right-sided diverticulosis was present in < 4%, which

is what is expected in a US population (23). This is in contrast

to the Orient, where diverticubar disease is predominantly right

sided (34-36).

Biased recall of diet was unlikely because the dietary intake

data were collected before the diagnosis of diverticular disease.

We have adjusted for potential nondietary risk factors such as

age, physical activity, body mass index, smoking, alcohol con-

sumption, and socioeconomic status by the nature of our popu-

lation of male health professionals. We recognize that as in al-

most every study some degree of misclassification is inevitable.

However, the large number of subjects in this study with their

reasonably wide range of dietary intake, offers assurance that a

dietary effect will not likely be missed. The prospective design

of this study means that any misclassification would be random

with regard to case status. Our findings are most directly gener-

alizable to nonvegetarian US men aged � 40 y. Apart from re-

ports of a higher preponderance of diverticubar disease in women

(2), we have no reason to believe that the association we observed

in men would be different for women. However, future studies

should explore any possible differences in the relations between

dietary factors and the occurrence of diverticular disease due

to sex.

Our findings provide evidence for the hypothesis that a diet

high in dietary fiber, mainly from fruits and vegetables, and bow

LOW (<17) MEDIUM (17-28) HIGH (29+)

Total Fiber Intake (gld)

FIG 1 . Relative risk (adjusted for age and physical activity) of symp-

tomatic diverticular disease, by energy-adjusted dietary fiber and total

fat intake.

FIG 2. Relative risk (adjusted for age and physical activity) of symp-

tomatic diverticular disease, by energy-adjusted dietary fiber and red

meat intake.

in total fat decreases the risk of diverticular disease. These data

are also compatible with the possibility that other factors in red

meat unrelated to its protein or its fat content can increase the

occurrence of this disease. U

We arc indebted to the participants in the Health Professionals Follow-
up Study for making this study possible and to Meir Stampfcr, Graham

Colditz, John Kearney, Gary Curhan, Alberto Aschcrio, Mary Johnson,
Elizabeth Frost-Hawes, Mildred Wolff, Cindy Dyer, Jan Vomacka, Kerry
Pillsworth, Mira Koyfman, and Randa Tukan for their expert help.
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