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ABSTRACT ficial (3), detrimental (4, 5), and neutral (6) effects of a high-
Background: Dietary carbohydrates may influence the develop-carbohydrate diet relative to high-fat diets on glycemic response.
ment of type 2 (non-insulin-dependent) diabetes, for exampleThe results of ecologic and cross-sectional studies support
through effects on blood glucose and insulin concentrations. decreased prevalences of diabetes with high intakes of carbohy-
Objective: We examined the relations of baseline intake of cardrate (7-9), whereas the results of cohort studies do not support
bohydrates, dietary fiber, dietary magnesium, and carbohydratexn association between diabetes and total dietary carbohydrate
rich foods and the glycemic index with incidence of diabetes. (10-13). Dietary fiber is reported to improve the postprandial
Design: This was a prospective cohort study of 35988 olderglycemic response and insulin concentrations, most likely by
lowa women initially free of diabetes. During 6 y of follow-up, slowing the digestion and absorption of food and by regulating
1141 incident cases of diabetes were reported. several metabolic hormones (14, 15). However, results on dietary
Results: Total grain, whole-grain, total dietary fiber, cereal fiber, fiber and diabetes from prospective and case-control studies have
and dietary magnesium intakes showed strong inverse associaeen mixed (7, 11, 12, 16). Magnesium is a component of grains
tions with incidence of diabetes after adjustment for potentiabnd is found in the fibrous component of cereal plants. Dietary
nondietary confounding variables. Multivariate-adjusted relativemagnesium was inversely related to incident type 2 diabetes in
risks of diabetes were 1.0, 0.99, 0.98, 0.92, and (P7®r(trend: some (11, 12), but not all (17), prospective cohort studies.
0.0089) across quintiles of whole-grain intake; 1.0, 1.09, 1.00, Clinical work on the glycemic index and the glycemic load
0.94, and 0.78R for trend: 0.005) across quintiles of total dietary supports the notion that the form and content of carbohydrate
fiber intake; and 1.0, 0.81, 0.82, 0.81, and 0.€7f¢r trend:  and fat in foods may be important determinants of the short-term
0.0003) across quintiles of dietary magnesium intake. Intakes aflycemic response (18). The glycemic index and glycemic load
total carbohydrates, refined grains, fruit and vegetables, and solvere directly related to diabetes risk in 2 large cohort studies
uble fiber and the glycemic index were unrelated to diabetes risk11, 12). In addition, recent attention has been directed to the
Conclusion: These data support a protective role for grains (parpotential effects of whole compared with refined grains on the
ticularly whole grains), cereal fiber, and dietary magnesium inglycemic response (19). The long-term effect of whole-grain
the development of diabetes in older women. Am J Clin Nutr ~ compared with refined-grain food intake on incident diabetes has
2000;71:921-30. not been widely examined in the epidemiologic literature.
We examined the relations between incident diabetes and car-
KEY WORDS Type 2 diabetes, non-insulin-dependent bohydrate-related dietary variables in the lowa Women’s Health
diabetes mellitus, diet, nutrition, prospective studies, cartb@tigs, Study, a large cohort study of older women. Detailed dietary
dietary fiber, sugar, glycemic index, grains, magnesium, lowanformation collected at baseline enabled us to examine the long-
Women'’s Health Study, women term effects on diabetes incidence of several variables, including
dietary carbohydrates, dietary fiber, the glycemic index and load,
dietary magnesium, and carbohydrate-rich foods such as whole
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grains. These findings contribute to the long-standing discussiommtake over the previous year (24). The validity of the food-fre-
of the importance of carbohydrates and dietary fiber in the etiolquency questionnaire was evaluated in this cohort by comparing
ogy of diabetes as well as to the relatively recent focus omutrient values determined from the questionnaire with values
glycemic index, the glycemic load, and whole-grain intake. estimated from the average of five 24-h dietary recall surveys in
44 study participants. Energy-adjusted Pearson’s correlation
coefficients for total carbohydrates and crude fiber were 0.45 and
SUBJECTS AND METHODS 0.24, respectively (25).
The glycemic index and glycemic load variables measure the
glycemic response and insulin demand that result from specific
The lowa Women'’s Health Study is a prospective cohort studgarbohydrate-containing foods. The glycemic index and load
of postmenopausal lowa women. In January 1986, a random samwalues were available for most foods and were calculated as
ple of 99826 women aged 55-69 y who had a valid lowa driver'slescribed by Salmerén et al (11, 12). The average dietary
license were mailed a 16-page questionnaire and asked to part@glycemic index for each individual was calculated as follows:
ipate in the study. The present study sample is composed of those
41836 women who returned the baseline questionnaire. Com-
pared with nonresponders, responders had a mean body mass
index (BMI; in kg/nt) that was smaller by0.4, were 3 mo older,
and were more likely to live in rural, less-affluent counties (20).
Women were excluded from these analyses if they reporte8imilarly, a glycemic load score was obtained for each individ-
implausibly high (>20920 kJ) or low (<2510 kJ) energy intakesual as follows:
(n = 538), left=30 items blank on the food-frequency question-
naire fi = 2782), or had diabetes at baseline=(3121). Women
were considered diabetic at baseline if they responded “yes” or
“don’t know” to the following questions: Have you ever been told
by a doctor that you have sugar diabetes (diabetes mellitus)? Diabetes incidence was determined by an affirmative response
(n =2947) and Have you ever taken insulin or pills for sugar diato the following question on one of the follow-up surveys: Since
betes (or to lower blood sugar)@® £ 2747). A total of 35988 (baseline or respective follow-up), were you diagnosed for the
women remained eligible for the study. The study was approvefirst time by a doctor as having sugar diabetes? Over 6 y of fol-
by the Human Subjects Review Committee at the University ofow-up, 1141 women reported having diabetes in the 3 follow-up

Subjects

{>[(Servings of food per day)

X (carbohydrate content of food)

X (glycemic index)]}

[total carbohydrate in diet 1)

> [(Servings of food per day)
X (carbohydrate content of food)
X (glycemic index)] (4]

Minnesota. surveys administered in 198%W € 344), 1989 f = 331), and
. 1992 f = 466). Response rates for the 3 follow-up surveys were
Data collection 91%, 86%, and 79%, respectively.

The baseline questionnaire included questions on known or A validation study of self-reported diabetes was conducted
suspected risk factors for diabetes, including age, BMI, waistwith 85 cohort participants in 1988 after the first follow-up sur-
to-hip ratio (WHR), physical activity, and smoking history. BMI vey (26). Subjects tended to overreport diabetes: of 44 women
was calculated from weight and height measurements providedaho reported diabetes at baseline, 28 (64%) were confirmed as
by the participants. WHR was calculated as the average of Being diabetic by their physician. All 41 women who reported not
measurements taken by the participant's spouse or a frierftaving diabetes at baseline were confirmed as not being diabetic.
using a paper tape measure included with the questionnaire (21§. o .

A 3-level physical activity score was created by combining®tatistical analysis

questions on the frequency of moderate and vigorous leisure- Person-time of follow-up was calculated for each study par-
time activity. Pack-years of smoking (number of packs of cigaticipant as follows. For those women who did not report a diag-
rettes smoked daily times the number of years smoked) weneosis of diabetes, person-time was calculated from baseline to
calculated from information on the intensity and duration ofthe date of the last completed questionnaire. For women who
cigarette smoking. reported having been diagnosed with diabetes on one of the fol-

The principal dietary exposure of interest was intake of carlow-up surveys, person-time was calculated as the sum of the
bohydrates, including dietary fiber. This variable was examinednown disease-free period and half of the period during which
by analyzing food sources of carbohydrates, subtypes of carbéhe diagnosis was first made. Mortality status was determined
hydrates, components of carbohydrates, and the glycemic indexanually through linkage with the State Health Registry of lowa.
and load. The food groups analyzed included grains, vegetdn addition, nonrespondents to the 3 follow-up surveys and emi-
bles, fruit, and legumes. Total grain intake was subdivided int@rants from lowa were linked with the National Death Index.
refined and whole grains as outlined previously (22). In addi- Dietary variables were categorized as appropriate for analysis.
tion to total dietary carbohydrates, starch, sucrose, glucoseRelative risks calculated with proportional hazards regression are
fructose, maltose, and lactose were analyzed individuallycomparisons between the upper categories of intake and the low-
Because the physiologic effects of fiber may relate to subtypest category. Trend analyses weighted each category of intake by
(23), soluble and insoluble fiber were analyzed separatelythe median intake for that category. Nutrient intakes were adjusted
Also, total dietary fiber was divided into mutually exclusive for total energy by the method described by Willett and Stampfer
categories representing fiber contributed to the diet by cereal$27). Initial analyses were adjusted only for age and total energy.
fruit, vegetables, and legumes. Further analyses were also adjusted for potential confounders of

A 127-item food-frequency questionnaire similar to that usedhe observed diet-diabetes associations, including physical activ-
in the 1984 Nurses’ Health Study was used to assess typical fody, BMI, WHR, smoking, alcohol intake, and education. Addi-
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TABLE 1
Distribution of various baseline risk factors for diabetes mellitus across quintiles of whole-grain and energy-adjustéithefietdaike in 35988 lowa
women, 1986-1992

Quintile of intake

Variable 1 2 3 4 5 P for trendt

Whole grains
Range of intake (servings/wk) <3.0 3.0-5.5 6.0-8.0 8.5-17.5 >17.5 —
Median intake (servings/wk) 1 4 7 10.5 20.5 —
Never drinker (%) 55.1 51.9 51.9 52.5 54.4 0.69
High school graduate (%) 76.7 81.8 83.2 85.4 84.1 <0.001
Vigorous activity (%) 18.6 23.6 24.9 29.7 28.5 <0.001
Current smoker (%) 22.7 16.8 14.6 10.1 12.7 <0.001
Family history of diabetes mellitus (%) 28.5 27.3 27.6 27.2 28.1 0.65
Age (y) 61.4 61.3 61.6 61.7 61.6 <0.0001
BMI (kg/m?) 26.9 26.8 26.8 26.6 26.8 <0.0001
WHR 0.844 0.835 0.832 0.828 0.830 <0.0001
Total energy (kJ) 6879 6879 7297 7945 8577 <0.0001
Dietary fiber (g/d) 17.0 18.6 19.2 21.1 21.9 <0.0001

Dietary fiber
Range of intake (g/d) <15.3 15.3-17.8 17.9-20.3 20.4-23.6 >23.6 —
Median intake (g/d) 13.27 16.64 19.03 21.82 26.50 —
Never drinker (%) 47.3 52.0 53.9 54.4 58.3 <0.001
High school graduate (%) 78.4 81.8 82.9 84.0 84.2 <0.001
Vigorous activity (%) 15.7 19.8 24.3 29.4 36.5 <0.001
Current smoker (%) 27.9 17.7 13.7 9.5 7.8 <0.001
Family history of diabetes mellitus (%) 28.5 26.9 27.3 28.1 27.9 0.96
Age (y) 60.9 61.2 61.6 61.8 62.0 <0.0001
BMI (kg/m?) 26.8 27.0 26.9 26.7 26.4 <0.0001
WHR 0.846 0.838 0.832 0.827 0.825 <0.0001
Total energy (kJ) 8368 7075 7046 7226 8021 <0.0001
Whole grains (servings/wk) 6.2 7.8 8.9 10.7 13.7 <0.0001

1Dietary fiber intake adjusted for total energy intake according to the method of Willett and Stampfer (27). WHR, waistito-hip rat

2For covariate proportions, chi-square tests for trends were calculated across quintiles of dietary intake. For covarigtestaeesi® calculated from
a linear regression of dietary intake on the covariate of interest; both dietary intakes and covariates were modeledrdnatlesahbles, with the covari-
ate variable taking on the mean covariate value within each quintile of dietary intake.

tional analyses excluded women who reported having cancemly some covariates can be presumed to be clinically rele-
(n = 3202) or heart disease £ 3110) at baseline (because thesevant. For example, women who reported higher intakes of
women may have recently modified their diets) and controlled fowhole grains and dietary fiber at baseline were appreciably
reported family history of diabetes in a first-degree relativemore likely to have engaged in vigorous physical activity,
(mother, father, brother, or sister), which was asked only in thénave graduated from high school, have been nonsmokers, and
third follow-up. The SAS package was used (28). have had low WHRs. In addition, the prevalence of abstinence

from alcohol was 11% higher for women in the highest cate-

gory of dietary fiber intake than for women in the lowest cat-
RESULTS egory of intake.

Age-adjusted relative risks (RRs) of diabetes were 1.0, The multivariate-adjusted analyses for intakes of total car-
0.67, and 0.55R for trend: 0.0001) for low, medium, and high bohydrate, starch, and sugars are shownTable 2. After
physical activity, respectively. RRs were also notable for eveadjustment for potential confounding variables, total carbohy-
versus never drinking alcohol (RR: 0.62; 95% CI: 0.55, 0.70)drates, starch, lactose, and maltose were unrelated to incidence
and a family history of diabetes in a first-degree relative verof diabetes. RRs across total carbohydrate quintiles were 1.0,
sus no family history (RR: 2.60; 95% CI: 2.31, 2.93). As 1.05, 0.98, 0.90, 0.93F(for trend: 0.22). Sucrose was inversely
shown previously, BMI and WHR strongly predicted diabetesassociated with incidence of diabetes. Women in the highest
in this cohort(26). Age-adjusted RRs were 1.0, 1.92, 3.38,quintile of sucrose intake had an RR of 0.81 compared with
5.70, and 10.86K for trend: 0.0001) across quintiles of WHR women in the lowest quintile. Glucose and fructose intakes
and 1.0, 2.39, 2.98, 6.50, and 14.%9f¢r trend: 0.0001) across were positively associated with diabetes risk. The RRs compar-
quintiles of BMI. ing the highest quintile of intake with the lowest were 1.30 and

The distribution of these risk factors across quintiles of1.27 for glucose and fructose, respectively. Age- and energy-
whole-grain and energy-adjusted dietary fiber intake areadjusted risk estimates were similar to the multivariate-
shown inTable 1. Trends in most covariates across quintilesadjusted findings, except that total carbohydrate intake showed
of dietary intakes were statistically significant. However, thisa stronger inverse relation to type 2 diabetes in the age- and
was assuredly due to the large sample size, and the trends efergy-adjusted model. The RR estimates in the age- and
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TABLE 2

MEYER ET AL

Multivariate-adjusted relative risks of incident type 2 diabetes across quintiles of energy-adjusted carbohydrate int28&98tmvga women, 1986-1992

Quintile of intake

Variable 1 2 3 4 5 P for trend
Total carbohydrates

Range of intake (g/d) <192.1 192.1-210.6 210.7-225.6 225.7-243.8 >243.8 —

Median (g/d) 176 202 218 234 259 —

Casesif) 239 255 227 206 214

Person-years 40123 40624 40397 40999 40512 —

Relative risk (95% CI) 1.00 1.05 (0.87, 1.26) 0.98 (0.81, 1.19) 0.90 (0.74, 1.09) 0.93 (0.76, 1.13) 0.22
Starch

Range of intake (g/d) <50.5 50.5-59.3 59.4-67.0 67.1-76.8 >76.8 —

Median (g/d) 43.4 55.3 63.2 71.4 85.3 —

Casesif) 254 204 234 220 229

Person-years 40162 40865 40822 40471 40334 —

Relative risk (95% CI) 1.00 0.79 (0.65, 0.96) 0.86 (0.71, 1.03) 0.82 (0.68, 1.00) 0.83 (0.69, 1.00) 0.12
Glucose

Range of intake (g/d) <13.9 13.9-17.6 17.7-21.1 21.2-25.8 >25.8 —

Median (g/d) 11.1 15.9 19.3 23.2 30.0 —

Casesif) 213 201 226 231 270

Person-years 39958 40798 41022 40627 40248 —

Relative risk (95% CI) 1.00 0.95 (0.78, 1.17) 1.11 (0.91, 1.35) 1.18 (0.97, 1.44) 1.30 (1.08, 1.57) 0.0007
Sucrose

Range of intake (g/d) <31.2 31.2-38.0 38.1-43.6 43.7-51.0 >51.0 —

Median (g/d) 25.8 34.9 40.9 46.9 57.7 —

Casesif) 245 236 230 220 210

Person-years 40082 40650 40824 40710 40387 —

Relative risk (95% CI) 1.00 0.98 (0.82, 1.19) 0.96 (0.79, 1.16) 0.93 (0.76, 1.13) 0.81 (0.67, 0.99) 0.027
Fructose

Range of intake (g/d) <15.9 15.9-20.3 20.4-24.5 24.6-30.0 >30.0 —

Median (g/d) 12,5 18.3 22.4 26.9 35.5 —

Casesif) 216 200 230 232 263

Person-years 39897 40929 40865 40641 40322 —

Relative risk (95% CI) 1.00 0.95 (0.77, 1.16) 1.17 (0.96, 1.42) 1.18 (0.97, 1.43) 1.27 (1.06, 1.54) 0.0015
Lactose

Range of intake (g/d) <11.9 11.9-16.7 16.8-29.5 29.6-101.8 >101.8 —

Median (g/d) 4.7 9.7 14.3 19.7 33.8 —

Casesif) 230 246 221 232 212

Person-years 40209 40431 40741 40295 40978 —

Relative risk (95% CI) 1.00 1.16 (0.96, 1.41) 1.02 (0.84, 1.24) 1.09 (0.90, 1.32) 0.94 (0.77,1.14) 0.24
Maltose

Range of intake (g/d) <0.92 0.92-1.19 1.20-1.45 1.46-1.85 >1.85 —

Median (g/d) 0.71 1.06 1.32 1.63 2.28 —

Casesif) 239 201 250 234 217

Person-years 40452 40675 40638 40727 40161 —

Relative risk (95% CI) 1.00 0.86 (0.71, 1.05) 1.11 (0.92, 1.34) 1.07 (0.88, 1.30) 0.98 (0.81, 1.19) 0.60

IProportional hazards regression models were adjusted for the following: age, total energy intake, BMI (quintiles), waistedehimtites), educa-
tion (no high school diploma, high school diploma, some college or vocational school, or college degree), pack-years of sneoKin@igdnp0—-39, ax40),

alcohol intake (none, <4 g/d, 4-9.9 g/d=dt0 g/d), and physical activity (low, medium, or high). Person-years were calculated as described in Methods.

energy-adjusted model were 1.00, 1.06, 0.96, 0.84, and 0.8&re shown inTable 4. In the multivariate analysis, total dietary

(P for trend: 0.018) across quintiles of intake.

fiber was inversely associated with diabetes risk (RR = 0.78
The glycemic index and glycemic load were not associatedomparing the fifth with the first quintile of intak®;for trend:

with diabetes in these dat@aple 3). The pattern of risk across 0.005). Intake of insoluble fiber was inversely associated with
quintiles of glycemic index was inconsistent; RRs first rose todiabetes risk, whereas intake of soluble fiber did not appear to be
1.22 in quintile 3 and then dropped to 0.84 in quintile 5.strongly related to diabetes risk. Women in the highest quintile
Glycemic load was nonsignificantly inversely related to diabetesof intake had RRs of 0.89 and 0.75 for soluble and insoluble
These findings did not appear to have been due to confoundirfiper, respectively, compared with women in the first quintile of
or effect modification by dietary fiber intake. Relative risk esti- intake. Fiber derived from cereals was also inversely associated
mates were similar in age- and energy-adjusted analyses. with diabetes (RR = 0.64 for the highest versus the lowest quin-
The multivariate-adjusted RRs of diabetes across quintiles difle). Fiber derived from fruit, vegetables, or legumes was unre-
total dietary fiber, insoluble fiber, and soluble fiber intake andlated to diabetes risk. Also shown in Table 4 are the multivariate-
fiber obtained from cereal, fruit, vegetable, and legume sourceadjusted RRs of diabetes across quintiles of intake of dietary
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TABLE 3
Multivariate-adjusted relative risks of incident type 2 diabetes across categories of glycemic index and glycemic load288dog&%omen,
1986-1992

Category of intake

Variable 1 2 3 4 5 P for trend
Glycemic index
Range <58 59-65 66-71 72-80 >80.0 —
Median 53 62 69 75 89 —
Casesif) 230 257 260 200 194 —
Person-years 39960 40663 40405 40822 40804
Relative risk (95% CI) 1.00 1.17 (0.97, 1.40) 1.22(1.02,1.47) 0.91(0.75,1.11) 0.84(0.69,1.03) 0.0079
Relative risk (95% CI) 1.00 1.19 (0.98, 1.43) 1.26 (1.05, 1.53) 0.96 (0.78, 1.17) 0.89 (0.72, 1.10) 0.0507
Relative risk
Lowest tertile of fiber (95% ClI) 1.00 1.06 (0.84, 1.34) 0.95 (0.74, 1.22) — — —

Middle tertile of fiber (95% CI)  1.07 (0.86, 1.34)  1.11 (0.90, 1.37) 0.84 (0.66, 1.08) — — —
Highest tertile of fiber (95% CI)  0.92 (0.69, 1.24)  0.97 (0.77,1.22)  0.71 (0.56, 0.89) — — —
Glycemic load

Range <103 104-114 115-124 125-136 >136 —
Median 94 110 120 129 145 —
Casesif) 247 236 220 214 224 —
Person-years 40160 40740 40574 40629 40550 —
Relative risk (95% CI) 1.00 0.95(0.79,1.15)  0.85(0.70,1.03) 0.88 (0.73,1.07) 0.89(0.73,1.08)  0.17
Relative risk (95% CI) 1.00 0.96 (0.79,1.15)  0.86 (0.71,1.05)  0.92 (0.75,1.12) 0.95(0.78,1.16)  0.53
Relative risk

Lowest tertile of fiber (95% CI) 1.00 0.96 (0.76,1.21)  0.97 (0.75, 1.26) — — —

Middle tertile of fiber (95% CI) ~ 1.09 (0.87,1.37)  0.98 (0.79,1.22)  0.91 (0.72, 1.15) — — —
Highest tertile of fiber (95% CI) ~ 0.81 (0.60, 1.10)  0.77 (0.60,0.99)  0.85 (0.69, 1.05) — — —

1Person-years were calculated as described in Methods.

2Proportional hazards regression models were adjusted for the same covariates listed in Table 2.

3 Additional adjustment for total dietary fiber.

“Models were adjusted for the same covariates listed in Table 2. Relative risks are across tertiles of glycemic indexcologlyeeithin tertiles of
total dietary fiber intake.

magnesium, which is found in the fibrous component of cereaéxample, age- and energy-adjusted RRs for whole grain intake
plants. There was an inverse relation between dietary magnesiuvere 1.00, 0.86, 0.92, 0.83, and 0.7 for trend: 0.0029)
and type 2 diabetes. across quintiles of intake.

Results from the multivariate-adjusted analyses shown in Inclusion of family history of diabetes as a covariate did not
Table 4 and the age- and energy-adjusted analyses did not diffeubstantially alter the risk estimates presented in Tables 2-5. To
appreciably. Exceptions to this were an inverse relation betweerontrol for recent dietary changes, multivariate models were also
diabetes and soluble fiber and the lack of an associatiorun that excluded women who reported cancer or heart disease at
between diabetes and fiber from fruit in the age- and energybaseline. Relative risk estimates were not appreciably changed
adjusted analyses. Relative risks in the age- and energy-adjustby these exclusions.
analysis were 1.00, 0.91, 0.94, 0.86, and OF7fo( trend:0.0046) Results from multivariate regression models that included more
across quintiles of soluble fiber intake and 1.00, 0.96, 1.12than one of the dietary components under study are shdabl6.

0.97, and 1.05R for trend: 0.63) across quintiles of fiber intake Dietary intakes of foods and nutrients are highly correlated and
from fruit. these models were intended to help distinguish the effects of

Associations between diabetes and food groups that cortietary variables that appeared related to type 2 diabetes in these
tribute carbohydrates and fiber to the diet were also examinedata. Each of the 4 models was adjusted for the covariates listed in
(Table 5). Consistent with the finding for cereal fiber, total the footnote as well as for the dietary components listed below the
grain intake was inversely related to incident diabetes. The mulodel headings. Because our findings were strongest for grain
tivariate-adjusted RR comparing the fifth and first quintiles ofintake, these analyses focused on the effects of adjusting grains for
total grain intake was 0.68 (95% CI: 0.54, 0.87). Whole grainsereal fiber and dietary magnesium, 2 components of grains that
were more strongly inversely associated with risk of diabetesvere strongly related to type 2 diabetes in these data. Results for
than were refined grains. Women in the highest quintile ofotal grains and whole grains were attenuated after the models were
whole grain intake had an adjusted RR of 0.79 (95% CI: 0.65adjusted for cereal fiber. For example, RRs were 1.00, 1.01, 1.02,
0.96) compared with women in the lowest quintiefdr trend: 1.01, and 0.93R for trend: 0.46) across quintiles of whole-grain
0.0089). Intakes of fruit, vegetables, and legumes were nahtake. However, both cereal fiber and dietary magnesium remained
strongly related to diabetes risk. These findings from the multisignificantly and inversely related to type 2 diabetes. Simultaneous
variate analysis differed only slightly from the age- and energyadjustment for grains, cereal grains, and dietary magnesium atten-
adjusted estimates and the interpretation of findings did nowated the findings for cereal fiber and dietary magnesium, but
change with adjustment for potential confounding factors. Foinverse dose-response relations were still apparent for these 2 grain
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TABLE 4

MEYER ET AL

Multivariate-adjusted relative risks of incident type 2 diabetes across quintiles of energy-adjusted dietary fiber and niaigtkesi@among 35988 lowa

women, 1986-1992

Quintile of intake

Variable 1 2 3 4 5 P for trend
Total dietary fiber

Range (g/d) <15.3 15.3-17.8 17.9-20.3 20.4-23.6 >23.6 —

Median (g/d) 13.27 16.64 19.03 21.82 26.50 —

Casesif) 253 265 234 212 177

Person-years 39587 40016 40534 41396 41120 —

Relative risk (95% CI) 1.00 1.09 (0.91, 1.31) 1.00 (0.83, 1.21) 0.94 (0.78, 1.15) 0.78 (0.64, 0.96) 0.005
Total soluble fiber

Range (g/d) <4.8 4.8-55 5.6-6.2 6.3-7.2 >7.2 —

Median (g/d) 4.19 5.19 5.88 6.64 8.01 —

Casesif) 250 231 237 221 202

Person-years 39576 40572 40637 40988 40880 —

Relative risk (95% CI) 1.00 1.00 (0.83, 1.21) 1.02 (0.84, 1.23) 0.99 (0.82, 1.20) 0.89 (0.73, 1.08) 0.23
Total insoluble fiber

Range (g/d) <11.4 11.4-13.4 13.5-15.2 15.3-17.7 >17.7 —

Median (g/d) 9.93 12.48 14.31 16.34 19.84 —

Casesif) 268 255 232 204 182

Person-years 39737 40159 40680 41080 40996 —

Relative risk (95% CI) 1.00 0.96 (0.80, 1.15) 0.92 (0.77, 1.11) 0.81 (0.67, 0.99) 0.75 (0.61, 0.91) 0.0012
Fiber from cereals

Range (g/d) <3.4 3.4-4.3 44-55 5.6-7.5 >7.5 —

Median (g/d) 2.66 3.87 4.91 6.40 9.43 —

Casesif) 281 265 241 198 156

Person-years 39637 40218 40621 40956 41222 —

Relative risk (95% CI) 1.00 0.93 (0.78, 1.11) 0.88 (0.73, 1.05) 0.77 (0.63, 0.93) 0.64 (0.53, 0.79) 0.0001
Fiber from fruit

Range (g/d) <2.55 2.55-3.85 3.86-5.19 5.20-7.02 >7.02 —

Median (g/d) 1.71 3.22 4.51 6.00 8.72 —

Casesif) 221 212 251 218 239

Person-years 39471 40491 40698 41083 40911 —

Relative risk (95% CI) 1.00 0.98 (0.81, 1.20) 1.14 (0.94, 1.38) 1.06 (0.87, 1.29) 1.17 (0.96, 1.42) 0.081
Fiber from vegetables

Range (g/d) <5.75 5.75-7.11 7.12-8.38 8.39-10.14 >10.14 —

Median (g/d) 4.71 6.48 7.72 9.15 11.74 —

Casesif) 228 227 237 228 221

Person-years 39877 40657 40721 40797 40601 —

Relative risk (95% CI) 1.00 1.07 (0.88, 1.30) 1.12 (0.92, 1.35) 1.12 (0.92, 1.36) 0.97 (0.80, 1.18) 0.77
Fiber from legumes

Range (g/d) <0.31 0.31-0.56 0.57-0.83 0.84-1.21 >1.21 —

Median (g/d) 0.095 0.45 0.70 0.98 1.74 —

Casesif) 250 227 216 219 229

Person-years 40183 40603 40582 40593 40692 —

Relative risk (95% CI) 1.00 0.97 (0.80, 1.18) 0.95 (0.78, 1.16) 1.04 (0.85, 1.27) 1.10 (0.91, 1.33) 0.17
Dietary magnesium

Range (mg/d) <242 242-270 271-297 298-332 >332 —

Median (mg/d) 220 257 284 312 362 —

Casesif) 309 235 220 216 161

Person-years 39866 40085 40670 40909 41123 —

Relative risk (95% CI) 1.0 0.81 (0.68, 0.96) 0.82 (0.68, 0.98) 0.81 (0.67, 0.97) 0.67 (0.55, 0.82) 0.0003

1Proportional hazards regression models were adjusted for the same covariates listed in Table 2. Person-years were dakrigied iasMethods.

components. For example, RRs from model 4 were 1.00, 0.9DISCUSSION
0.90, 0.80, and 0.7%(for trend: 0.0017) across quintiles of cereal
fiber intake and 1.00, 0.82, 0.86, 0.88, and OFfx( trend: 0.048)

ings suggest that the inverse relation between whole-grain intaldata suggested strong inverse associations between incidence of

This prospective study of older women indicates that dietary

carbohydrates may influence the risk of type 2 diabetes. After
across quintiles of dietary magnesium intake. Overall, these findnultivariate adjustment for several risk factors for diabetes, the

and type 2 diabetes may be due to fiber and components of whaléabetes and intakes of total grains, whole grains, dietary fiber,
grains that are highly correlated with fiber.

cereal fiber, and dietary magnesium.
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Multivariate-adjusted relative risks of incident type 2 diabetes across quintiles of carbohydrate-rich food groups amdowa&5@88en, 1986—-1992

Quintile of food group intake

Food group 1 2 3 4 5 P for trend
Total grains

Range of intake (servings/wk) <13.0 13-18.5 19-24.5 25-33 >33 —

Median (servings/wk) 9.5 155 215 28.5 41.5 —

Casesif) 235 218 237 234 217

Person-years 40107 40670 39674 41013 41190 —

Relative risk (95% ClI) 1.00 0.89 (0.74, 1.08) 0.94 (0.77, 1.14) 0.81 (0.66, 0.99) 0.68 (0.54, 0.87) 0.0011
Whole grains

Range of intake (servings/wk) <3.0 3.0-5.5 6.0-8.0 8.5-17.5 >17.5 —

Median (servings/wk) 1.0 4.0 7.0 10.5 20.5 —

Casesif) 250 234 234 216 207

Person-years 38577 39622 40548 41899 42007 —

Relative risk (95% ClI) 1.00 0.99 (0.82, 1.18) 0.98 (0.81, 1.18) 0.92 (0.76, 1.11) 0.79 (0.65, 0.96) 0.0089
Refined grains

Range of intake (servings/wk) <6.0 6.0-9.5 10-13.5 14-22 >22 —

Median (servings/wk) 3.5 7.5 115 175 29.5 —

Casesif) 228 235 175 253 250

Person-years 40402 43117 36757 42196 40182 —

Relative risk (95% ClI) 1.00 0.96 (0.79, 1.16) 0.81 (0.66, 0.99) 0.98 (0.81, 1.19) 0.87 (0.70, 1.08) 0.36
Total fruit and vegetable

Range of intake (servings/wk) <23 23-30 31-39 40-51 >51 —

Median (servings/wk) 18.0 27.0 35.0 44.0 62.0 —

Casesif) 213 215 244 240 229

Person-years 39047 39813 42850 39927 41016 —

Relative risk (95% ClI) 1.00 1.00 (0.82, 1.22) 1.12 (0.92, 1.36) 1.21 (0.99, 1.49) 1.05 (0.84, 1.31) 0.41
Total fruit

Range of intake (servings/wk) <6.25 6.5-10 10.1-13.5 13.6-19 >19 —

Median (servings/wk) 4.0 8.5 12.0 16.0 23.5 —

Casesif) 218 246 206 227 244

Person-years 39451 43325 38352 39911 41614 —

Relative risk (95% ClI) 1.00 1.05 (0.87, 1.26) 1.00 (0.82, 1.22) 1.08 (0.88, 1.32) 1.14 (0.93, 1.39) 0.20
Total vegetable

Range of intake (servings/wk) <14 14-19.4 19.5-25 25.1-33.5 >33.5 —

Median (servings/wk) 11.0 17.0 22.0 28.5 41.5 —

Casesif) 230 217 227 229 238

Person-years 40243 38628 43378 39374 41029 —

Relative risk (95% ClI) 1.00 1.03 (0.85, 1.24) 0.99 (0.82, 1.21) 1.09 (0.90, 1.34) 1.07 (0.86, 1.32) 0.45
Mature beans

Range of intake (servings/wk) <15 1.5-2 2.25-3 3.5-4.5 >4.5 —

Median (servings/wk) 1.0 2.0 2.5 4.0 6.5 —

Casesif) 151 328 208 244 210

Person-years 29059 61571 37269 38530 36224 —

Relative risk (95% ClI) 1.00 1.01 (0.82, 1.23) 1.06 (0.85, 1.31) 1.10 (0.89, 1.36) 0.96 (0.76, 1.20) 0.85

IProportional hazards regression models were adjusted for the same covariates listed in Table 2. Person-years were deteristed iasMethods.

The relation between dietary fiber and diabetes has receiveSimilarly, no association was seen in a case-control study of 702

much attention (11, 12, 14-16, 29-36). Fiber, particularly solumen and women (16). The 20-y follow-up of the Finnish and

ble fiber, has repeatedly been shown to decrease postprand@utch cohorts of the Seven Countries Study yielded no associa-

glucose and insulin concentrations both in persons with diabetd®on of dietary fiber with impaired glucose tolerance or diag-
and in those without (36). In addition, several cross-sectionahosed diabetes (35).
epidemiologic studies reported inverse associations of serum The plasma glucose—lowering effects of fiber are attributed
primarily to soluble fiber, which slows the absorption of food by

insulin with fiber intake (30-34).
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In the present study, women in the highest quintile of dietarycreating a gel-like substance in the stomach (14, 36). For this
fiber intake had a 22% lower risk of developing diabetes than dideason, a stronger inverse association between soluble fiber and
women in the lowest quintile. These data corroborate a repodiabetes risk than between insoluble fiber and diabetes risk was
from the Nurses’ Health Study in which a similar magnitude ofexpected. Insoluble fiber may also slow the absorption of food
diabetes risk was associated with dietary fiber intake (11). I§36). The finding that insoluble fiber, but not soluble fiber, was
contrast, in a cohort of male health professionals, no associatidnversely associated with diabetes risk is consistent with previ-
was found between diabetes risk and total dietary fiber intake (129us reports from other cohort studies. The Nurses’ Health Study
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TABLE 6
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Diet and multivariate-adjusted relative risks of incident type 2 diabetes across quintiles of grain, dietary fiber, and die¢aiyrmantake among 35988

lowa women, 1986-1992

Variable

Quintile of intake

3

5 P for trend

Model 1
Total grains
Relative risk (95% ClI)
Cereal fiber
Relative risk (95% CI)
Model 2
Total grains
Relative risk (95% CI)
Cereal fiber
Relative risk (95% CI)
Dietary magnesium
Relative risk (95% ClI)
Model 3
Whole grains
Relative risk (95% ClI)
Cereal fiber
Relative risk (95% CI)
Model 4
Whole grains
Relative risk (95% CI)
Cereal fiber
Relative risk (95% CI)
Dietary magnesium
Relative risk (95% ClI)

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

0.92 (0.76, 1.12)

0.96 (0.80, 1.15)

0.90 (0.74, 1.10)
0.98 (0.82, 1.18)

0.81 (0.68, 0.97)

1.01 (0.84, 1.21)

0.93 (0.78, 1.11)

1.03 (0.86, 1.24)
0.93 (0.78, 1.12)

0.82 (0.69, 0.99)

0.99 (0.81, 1.21)

0.92 (0.76, 1.12)

0.96 (0.79, 1.17)
0.97 (0.80, 1.18)

0.84 (0.70, 1.01)

1.02 (0.85, 1.23)

0.89 (0.74, 1.08)

1.05 (0.87, 1.27)
0.90 (0.74, 1.09)

0.86 (0.71, 1.03)

0.88 (0.71, 1.09)

0.82 (0.67, 1.00)

0.84 (0.67, 1.04)
0.88 (0.71, 1.09)

0.85 (0.70, 1.03)

1.01 (0.83, 1.24)

0.78 (0.64, 0.96)

0.97 (0.86, 1.29)
0.80 (0.65, 0.99)

0.88 (0.73, 1.06)

0.80 (0.62, 1.04)

0.69 (0.55, 0.86)

0.73 (0.56, 0.96)
0.78 (0.62, 0.99)

0.72 (0.58, 0.90)

0.93 (0.75, 1.16)

0.66 (0.53, 0.83)

0.82 (0.78, 1.21)
0.71 (0.56, 0.89)

0.76 (0.62, 0.95)

1Proportional hazards regression models were simultaneously adjusted for the same covariates listed in Table 2 andriofat@mdidisted under

each model heading.

reported that of the associations of diabetes with differentefined cereals. Whole and refined grains contain similar

sources of dietary fiber, only the inverse association betweeamounts of carbohydrate, but whole grains contain substan-
cereal fiber and diabetes remained statistically significant aftetially more dietary fiber and magnesium (40). It is important to

multivariate adjustment (11). In the Health Professionals’ Fol-note that what was included as whole grains herein may have
low-up Study, cereal fiber was inversely associated with diaconsisted largely of whole meal. It has been shown that parti-
betes risk, whereas fiber from fruit and vegetables was unrelatedle size may be important in the glycemic response (19) and
to diabetes risk (12). The findings from these prospective cohothus the beneficial effects of whole grain reported here may
studies, all of which used a similar questionnaire, support dave been more striking in a population that consumed grains

stronger association of insoluble fiber than of soluble fiber withprimarily in an intact form.
The glycemic index was devised to measure the effect of var-
Our findings indicate a strong inverse relation between dietarious foods on postprandial glycemic responses. Energy sources
magnesium intake—a component of grains—and risk of type 2 dighat are slowly absorbed have low glycemic indexes and have
betes. This finding remained after adjustment for cereal fiber andeen shown to result in better short-term glycemic control in
grain intakes. In clinical studies, low plasma magnesium concerelinical studies than energy sources with high glycemic indexes
trations were associated with insulin resistance (37), and magnét8). Two prospective studies showed positive relations between
sium supplementation was shown to improve glucose handlinthe glycemic index and diabetes risk (11, 12). However, the pres-
(38). Findings from 2 large prospective studies suggested strorent analyses do not support a consistent, dose-response relation
inverse relations between magnesium intake and incident type t®tween glycemic index and risk of type 2 diabetes. The RR esti-
diabetes (11, 12) and fasting insulin concentrations (39). For exanmates increased through the third quintile of intake and then
ple, Salmerdn et al (11, 12) reported a 38% decreased risk of didropped in the fourth and fifth quintiles. The findings of positive
betes for persons in the highest quintile of magnesium intake comelations between both fructose and glucose and diabetes simi-
pared with the lowest quintile of intake. Investigators with thelarly do not support the hypothesis of a positive relation between
Atherosclerosis Risk in Communities Study reported that incidenthe glycemic index and diabetes risk. Fructose has a glycemic
diabetes was inversely associated with serum magnesium but niatlex of 26 and glucose has a glycemic index of 138 when white
bread is used as the reference (18). However, in this study, both
The associations of insoluble fiber and cereal fiber intakeshe high correlationr(= 0.94) between fructose and glucose
with diabetes risk were consistent with the analysis of foodntake—which makes it difficult to differentiate their associa-
groups (Table 5), suggesting that whole-grain cereals wergons with diabetes—and the typically poor measurement of sug-
more strongly inversely related to disease risk than werars hinders clear interpretation of these data.

diabetes risk.

with dietary magnesium intake (17).

0.090

0.0002

0.022

0.025

0.013

0.46

0.0001

0.69

0.0017

0.048
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There is a long-standing debate regarding the effect of sugaliagnostic criteria for diabetes to include lower concentrations
intake, particularly sucrose, on diabetes risk. Clinical studies havef fasting glucose (48). Assuming that the error in diabetes
generally reported an effect of sucrose on postprandial glycemiascertainment was independent and nondifferential, the present
response similar to that of potatoes or white bread (18, 41). In nofindings would only be strengthened by more accurate ascer-
diabetic subjects, increased fructose consumption did not altéainment of disease.
fasting or postprandial glucose concentrations in one study (42) Data from this prospective study of older women support
and improved glycemic response in others (43). Among diabetimverse associations between total and whole-grain intake and
subjects, improved glycemic response has generally been assotsk of incident diabetes. These findings are consistent with those
ated with increased consumption of fructose (43, 44). of several other published studies of the health effects of whole

Results of the few epidemiologic studies of the relationgrains. Inverse associations were also observed for dietary fiber,
between sugars and diabetes risk are inconsistent. Cross-seereal fiber, and dietary magnesium intake. These findings sug-
tional studies showed both similar intakes of fructose andjest a role for diet in the development of diabetes that is inde-
sucrose in subjects with and without diabetes (9) and decreaspéndent of diet’s effect on body weight. ]
intakes of refined carbohydrates in those with compared with
those without diabetes (8). A cross-sectional study of persons of We thank Ching-Ping Hong for computer programming assistance.
Japanese descent living in Hawaii or Japan reported a positive
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