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Context  Epidemiological studies of men suggest that dietary fiber intake protects against coronary heart disease (CHD), but data on this association in women are sparse.

Objective  To examine the association between long-term intake of total dietary fiber as well as fiber from different sources and risk of CHD in women.

Design and Setting  The Nurses' Health Study, a large, prospective cohort study of US women followed up for 10 years from 1984. Dietary data were collected in 1984, 1986, and 1990, using a validated semi-quantitative food frequency questionnaire.

Participants  A total of 68,782 women aged 37 to 64 years without previously diagnosed angina, myocardial infarction (MI), stroke, cancer, hypercholesterolemia, or diabetes at baseline.

Main Outcome Measure  Incidence of acute MI or death due to CHD by amount of fiber intake.

Results  Response rate averaged 80% to 90% during the 10-year follow-up. We documented 591 major CHD events (429 nonfatal Mis and 162 CHD deaths). The age-adjusted relative risk (RR) for major CHD events was 0.53 (95% confidence interval [CI], 0.40-0.69) for women in the highest quintile of total dietary fiber intake (median, 22.9 g/d) compared with women in the lowest quintile (median, 11.5 g/d). After controlling for age, cardiovascular risk factors, dietary factors, and multivitamin supplement use, the RR was 0.77 (95% CI, 0.57-1.04). For a 10-g/d increase in total fiber intake (the difference between the lowest and highest quintiles), the multivariate RR of total CHD events was 0.81 (95% CI, 0.66-0.99). Among different sources of dietary fiber (eg, cereal, vegetables, fruit), only cereal fiber was strongly associated with a reduced risk of CHD (multivariate RR, 0.63; 95% CI, 0.49-0.81 for each 5-g/d increase in cereal fiber).

Conclusions  Our findings in women support the hypothesis that higher fiber intake, particularly from cereal sources, reduces the risk of CHD.
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Coronary heart disease (CHD) is the leading cause of death among women. Epidemiological studies of men suggest that dietary fiber or foods rich in fiber, especially from cereal products, protect against CHD but data on women are sparse.

High intake of dietary fiber, especially soluble fiber, decreases low-density lipoprotein cholesterol and has little or no effect on high-density lipoprotein cholesterol. However, the effect of soluble fiber on serum cholesterol level is modest and could not account for a substantial reduction in CHD incidence. Diets high in dietary fiber also may have other beneficial physiological effects, such as increased insulin sensitivity, lower triglyceride levels, and favorable effects on plasminogen activator type 1 and factor VII activity.  We examined in detail the relation between intake of dietary fiber and risk of CHD in the Nurses' Health Study, a large, prospective cohort of women. Estimates of fiber intake were based on 3 dietary measurements during 10 years of follow-up, thus providing a measure of long-term consumption.

METHODS

The Nurses' Health Study Cohort

The Nurses' Health Study cohort was established in 1976, when 121,700 female registered nurses aged 30 to 55 years residing in 11 large US states completed a mailed questionnaire on their medical history and lifestyle. Every 2 years, follow-up questionnaires have been sent to update information on potential risk factors and identify

newly diagnosed cases of CHD and other diseases. In 1980, a 61-item food frequency questionnaire was included to assess dietary intake. In 1984, the food frequency questionnaire was expanded to include 116 items and similar questionnaires were used to update diet information in 1986 and 1990. Because the revised questionnaires contained additional detail critical for assessing sources of fiber intake, we used the 1984 questionnaire completed by 81,757 women as baseline. We excluded women with 11 or more food questionnaire items blank, total energy intake of less than 2761 kJ/d or more than 14,644 kJ/d, or previously diagnosed cancer, angina, myocardial infarction (MI), stroke, or other cardiovascular disease.

Women reporting a diagnosis of high serum cholesterol level or diabetes were also excluded because these disorders are associated with increased risk of CHD and also could have caused women to change their fiber intake. The final 1984 baseline population consisted of 68,782 women. On average, more than 90% responded to each subsequent biennial questionnaire34 and about 80% completed each repeated dietary questionnaire during follow-up periods.

Dietary Assessment

To estimate intakes of dietary fiber and other nutrients, a commonly used unit or portion size for each food was specified in the food frequency questionnaire, and the participant was asked how often during the previous year, on average, she had consumed that amount.  Nine responses were possible, ranging from "never" to "6 or more times per day." In addition to the structured questions on food intake, we asked participants to report their most commonly used specific brand and type of cold breakfast cereal, multivitamin supplement, and cooking oil. Intake of nutrients was computed by multiplying the frequency of consumption of each food item by the fiber content of the

specified portions, taking into account the specific type of breakfast cereal. The dietary fiber content of foods was obtained from US Department of Agriculture (USDA) sources or information from manufacturers based on the Association of Official Analytical Chemists' method.  We adjusted fiber intake for total energy using regression analysis. The reproducibility and validity of the food frequency questionnaires have been described in detail elsewhere. The Pearson correlation coefficient between total dietary fiber intake assessed by the 116-item food frequency questionnaire and assessed by 4 one-week diet records was 0.60.

Identification of CHD Cases

The primary end point for this study was CHD, defined as symptomatic nonfatal MI or fatal CHD that occurred after the return of the 1984 questionnaire but before June 1, 1994. We requested permission to review medical records from women reporting a nonfatal MI on a follow-up questionnaire. The records were reviewed by study physicians with no knowledge of the self-reported risk factor status.  Nonfatal MIs were confirmed if they met the World Health Organization's criteria that include symptoms plus either diagnostic electro-cardiographic changes or elevated cardiac enzyme levels. 

Deaths were identified from the National Death Index, next of kin, or the postal system. Using all sources combined, we estimated that follow-up for the deaths were more than 98% complete. Fatal CHD was confirmed by hospital records or autopsy report or if CHD was listed as the cause of death on the certificate and evidence of previous CHD was available. We also included sudden death within 1 hour of onset of symptoms in women with no other plausible causes other than CHD (12.3% of fatal CHD). We identified 429 women with nonfatal MI and 162 women with fatal CHD during the 10-year follow-up.

Data Analysis

Person-time for each participant was calculated from the date of return of the 1984 questionnaire to the date of first CHD event, death, or June 1, 1994. Women who reported coronary events, stroke, or cancer on previous questionnaires were excluded from subsequent follow-up; thus, each participant could contribute only 1 end point and

the cohort at risk included only those who remained free from cardiovascular disease and cancer at the beginning of each follow-up interval.

To reduce within-subject variation and best represent long-term diet, we used the updated cumulative average dietary fiber intake from all available dietary questionnaires up to the start of each 2-year follow-up interval. Because women who develop intermediate end

points, such as angina, hypercholesterolemia, diabetes, and hypertension, may change their diets, which could confound diet-disease associations,46 we continued to follow these women but stopped updating dietary exposures at the beginning of the interval during which these intermediate end points occurred. When dietary data were missing at the start of an interval, either because we had stopped updating because of the occurrence of an intermediate end point or because a dietary questionnaire had not been returned, we

carried forward the last available dietary data. Non-dietary covariates, including age, cigarette smoking, body mass index (weight in kilograms divided by the square of height in meters), menopausal hormone use, multivitamin supplement use, and vitamin E supplement use, were updated biennially. Aspirin use was assessed in 1984 and 1988, and vigorous exercise performance was assessed in 1980.

Women were grouped into quintiles of energy-adjusted intake of dietary fiber, using the updated cumulative average of intake. The relative risk (RR) was computed as the rate in a specific category of dietary fiber intake divided by that in the lowest quintile, with adjustment for 5-year age categories. A multivariate pooled logistic model was used to estimate the RR (with 95% confidence interval [CI]) of CHD associated with various intakes of dietary fiber and foods that were primary sources of fiber in this cohort, simultaneously adjusting for other risk factors. Tests of linear trend across increasing

categories of total dietary fiber were conducted by treating the categories as a continuous variable and assigning the median intake for the category as its value. All P values are 2-sided.

RESULTS

During 10 years of follow-up, including 641,515 person-years of observation, we documented 591 cases of CHD (429 women with nonfatal MI and 162 CHD deaths). The mean (SD) energy-adjusted daily intake of total dietary fiber was 16.2 (4.8) g in 1984, 17.5 (5.3) g in 1986, and 18.0 (5.5) g in 1990. There was an approximately 2-fold difference in the median total dietary fiber intake between the highest and lowest quintiles of the population at baseline and according to the updated cumulative average (22.9 g/d vs. 11.5 g/d).

In 1984, approximately 38% of dietary fiber intake was from vegetables; 25%, from cereals; and 22%, from fruits. Cold breakfast cereals contributed approximately 6.4% of the total dietary fiber intake; dark bread, 3.9%; and white bread, 2.2%.

In age-adjusted analyses, women in the highest quintile of long-term (cumulative average) total dietary fiber intake had a 43% lower risk of nonfatal MI and a 59% lower risk of fatal coronary disease in comparison with the lowest quintile. To increase the stability of risk estimates, we combined fatal and nonfatal CHD events for multivariate analyses. After adjustment for non-dietary cardiovascular risk factors and total energy, alcohol, saturated fat, and carbohydrate intake, this risk was 23% lower for the highest compared with the lowest quintile. Cigarette smoking accounted for most of the difference between the age-adjusted and multivariate analyses.

To facilitate comparisons with other studies, we also analyzed total dietary fiber as a continuous variable. From the multivariate analysis, each 10-g increment in long-term total fiber intake corresponded to an RR of total CHD of 0.81 (95% CI, 0.66-0.99). Further simultaneous control for dietary folate, beta-carotene, vitamin B6, vitamin C, vitamin E, magnesium, and trans fat intake did not appreciably alter this RR but the confidence interval widened (RR, 0.79; 95% CI, 0.59-1.07).

The physiological effects of fiber may depend on type of fiber. In multivariate analyses of total CHD, RR’s were 0.75 (95% CI, 0.53-1.07) for a 5-g/d increase in soluble fiber and 0.88 (95% CI, 0.77-1.01) for a 5-g/d increase in insoluble fiber. Because the correlation between the 2 types of fiber was 0.78, they could not be distinguished in multivariate analysis.

We evaluated separately the effects of 3 main food sources of dietary fiber, namely, cereal, vegetable, and fruit fiber.  In a multivariate analysis, we found that women in the highest compared with the lowest category of long-term cereal fiber intake had a 34% lower risk of total CHD. Intake of vegetable and fruit fiber was not appreciably associated with risk of total CHD. We further analyzed specific food sources of fiber in continuous form, using a 5-g increment, approximately corresponding to the difference between medians in the highest and lowest quintiles of long-term intake. After

simultaneous adjustment for each of the 3 main sources of fiber, only the RR for cereal fiber (multivariate RR, 0.63; 95% CI, 0.49-0.81) was statistically significant.

We investigated whether age, smoking status, body mass index, or intake of saturated or trans fat might modify the relation of cereal fiber to risk of total CHD. As shown in Table 4, the inverse associations with cereal fiber were seen in all subgroups, but these were strongest in never or past smokers, leaner women, women younger than 60 years, those in the lowest percentile of saturated fat intake, and those in the highest tertile of trans fat intake.

We also examined foods high in cereal fiber, adjusting for standard CHD risk factors. Consumption of cold breakfast cereal 5 or more times per week in comparison with nonuse was associated with a 19% lower risk of total CHD (multivariate RR, 0.81; 95% CI, 0.62-1.06); the corresponding estimate for oatmeal was 29% (RR, 0.71; 95% CI, 0.38-1.34).

COMMENT

In this large, prospective cohort study of middle-aged women, we found a significant inverse association between intake of dietary fiber and risk of CHD. This association was confined to fiber from cereal sources. Women in the highest quintile of cereal fiber intake had a 34% lower risk of total CHD compared with those in the lowest quintile. This inverse association was not explained by higher dietary intakes of vitamin E, folate, vitamin B6, magnesium, vegetables, or fruits.

The prospective design of our study avoids the potential for bias attributable to differential recall of intake by CHD cases and controls. Moreover, to reduce potential bias attributable to changes in fiber intake due to the diagnosis of diabetes or hypercholesterolemia, women with these conditions at baseline were excluded. Furthermore, we used up to 3 measurements of fiber intake per person during 10 years of follow-up in our analyses. These repeated measurements take into account possible changes in diet with time and reduce random variation in reporting. Women with a higher intake of fiber were more likely to have a higher intake of vitamin E, vitamin B6, vitamin C, folate, beta carotene, and magnesium, and a lower intake of saturated and trans fats. However, adjustments for those nutrients 1 at a time as well as simultaneously did not change estimates appreciably.

Several previous prospective studies of men have reported inverse associations between fiber intake and CHD. Morris et al followed up 337 men in London, England, for 10 to 20 years and reported a reduction in CHD mortality among those with greater intake of dietary fiber, mainly due to higher intake of cereal fiber. In the Zutphen Study of 871 men, 37 men died of CHD during 10 years of follow-up; a risk reduction in the highest quintile of fiber intake was no longer significant after accounting for intake of energy, vegetable protein, and polysaccharides. In a prospective study of 1001 men of Irish descent in Boston, Mass, an inverse association between fiber and CHD risk was of borderline significance after multivariate adjustment.  

In a study by Khaw and Barrett-Connor, 859 men and women completed a 24-hour recall of diet at baseline and were followed up for 12 years; 23 women and 42 men died of CHD. A 33% risk reduction was observed among women and 24% among men for a 6-g/d increase in dietary fiber intake. In a cohort of 31,208 California Seventh Day Adventists followed up for 6 years, consumption of whole-wheat bread was associated with lower risk of nonfatal MI, although fiber intake per se was not analyzed and women were not studied separately. In the Health Professionals Follow-up Study of men, 734 cases of CHD were documented during 6 years of follow-up, and a significant 19% decreased risk of total CHD per 10-g/d increase of total dietary fiber and a 29% decrease per 10-g/d increase of cereal fiber were observed.

Our results for women are the same for total fiber (19% per 10-g/d increase), but seem to be stronger for cereal fiber (37% lower risk per 5-g/d increase). In a large cohort of 21,930 Finnish men who smoked enrolled in the Alpha-Tocopherol, Beta-Carotene Cancer Prevention Study, 1399 CHD events (635 deaths) occurred during 6 years of follow-up, and a significant inverse association with dietary fiber was observed. The association was stronger for coronary death (27% lower risk in the highest quintile of total dietary fiber intake compared with the lowest quintile) and was confined to cereal fiber, as in our study. Our results for cereal fiber and CHD are similar to findings for type 2 diabetes mellitus in the Nurses' Health Study, in which a 28% decrease in risk was observed when comparing the extreme quintiles. Recently published findings from the Iowa Women's Health Study showed a 30% to 36% reduction in risk of ischemic heart disease death when comparing the extreme quintiles of whole-grain food intake.

Wynder et al have suggested that an observed protective effect of dietary fiber might be due to a generally healthy lifestyle among high-fiber consumers. Although fiber consumption was associated with healthier behavior, after detailed adjustment for a wide variety of lifestyle factors, an independent association remained. Moreover, the association was specific for cereal fiber, which would be difficult to explain by confounding due to overall lifestyle factors, especially because cereal fiber consumption was less strongly associated with healthier behaviors than was overall fiber intake. Also, the inverse association with cereal fiber was strongest among women who did not smoke, excluding the possibility that residual confounding by unmeasured aspects of smoking the most important confounding variable could account for our findings.

Fiber reduces both total and low-density lipoprotein cholesterol through increased bile acid excretion and decreased hepatic synthesis of cholesterol. However, based on a recent meta-analysis of 20 trials of high dosages of oat bran (rich in soluble fiber), the magnitude of the cholesterol-lowering effect was relatively small; reductions in serum cholesterol level ranged from 0.5% to 2% per gram of intake. If a 1% decrease in serum cholesterol level reduces risk of CHD by 3%,52 then a 5-g/d increase in cereal fiber (on average, a quarter of which is soluble) should decrease risk of CHD by only 1.9% to 7.5%. Therefore, the 37% reduction in CHD we found for every 5-g/d increase in cereal fiber is larger than would be expected from the beneficial effects on serum cholesterol level and suggests that other biological mechanisms are involved.

Other plausible mechanisms could include delayed absorption of macronutrients leading to increased insulin sensitivity and lower triglyceride levels. In the Zutphen prospective study, fiber intake was inversely associated with hyperinsulinemia and insulin resistance, giving further support to this hypothesis. These factors may be especially important in women because diabetes and hypertriglyceridemia appear to be stronger risk factors for CHD in women than in men. Whole-grain cereal products are also a main source of phytoestrogens in an average Western diet, in which soy products are not frequently consumed. These mechanisms may be more important in women than in men and could be responsible for the stronger apparent effect of cereal fiber among women in our study than previously reported for men. Other mechanisms, such as favorable effects of fiber on plasminogen activator type 124 and factor VII coagulation activity, have also been suggested.

Although we attempted to control for micronutrients that are abundant in whole-grain foods, such as magnesium and folate, it is possible that other constituents of these foods, in addition to fiber per se, contribute to the lower risk of CHD. For this reason, our findings should be interpreted as supporting the consumption of minimally refined grains rather than purified fiber extracts.

In conclusion, our results provide evidence that an increase in foods high in dietary fiber, especially cereal products, may be protective against CHD in women. This provides further reason to replace refined forms of starch with whole-grain products.

