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Dietary Fiber, Glycemic Load,
and Risk of Non\p=m-\insulin-dependent
Diabetes Mellitus in Women
Jorge Salmer\l=o'\n,MD; JoAnn E. Manson, MD; Meir J. Stampfer, MD; Graham A. Colditz, MB, BS;
Alvin L. Wing, MBA; Walter C. Willett, MD

Objective.\p=m-\Toexamine prospectively the relationship between glycemic diets,
low fiber intake, and risk of non\p=m-\insulin-dependentdiabetes mellitus.

Desing.\p=m-\Cohortstudy.
Setting.\p=m-\In1986, a total of 65173 US women 40 to 65 years of age and free

from diagnosed cardiovascular disease, cancer, and diabetes completed a detailed
dietary questionnaire from which we calculated usual intake of total and specific
sources of dietary fiber, dietary glycemic index, and glycemic load.

Main Outcome Measure.\p=m-\Non\p=m-\insulin-dependent diabetes mellitus.
Results.\p=m-\During6 years of follow-up, 915 incident cases of diabetes were docu-

mented. The dietary glycemic index was positively associated with risk of diabetes
after adjustment for age, body mass index, smoking, physical activity, family history
of diabetes, alcohol and cereal fiber intake, and total energy intake. Comparing the
highest with the lowest quintile, the relative risk (RR) of diabetes was 1.37 (95% con-
fidence interval [CI], 1.09-1.71, Ptrend=.005). The glycemic load (an indicator of a

global dietary insulin demand) was also positively associated with diabetes
(RR=1.47; 95% CI, 1.16-1.86, Ptrend=.003). Cereal fiber intake was inversely as-
sociated with risk of diabetes when comparing the extreme quintiles (RR=0.72,95%
CI, 0.58-0.90, Ptrend=.001). The combination of a high glycemic load and a low
cereal fiber intake further increased the risk of diabetes (RR=2.50, 95% CI, 1.14\x=req-\
5.51) when compared with a low glycemic load and high cereal fiber intake.

Conclusions.\p=m-\Our results support the hypothesis that diets with a high glyce-
mic load and a low cereal fiber content increase risk of diabetes in women. Further,
they suggest that grains should be consumed in a minimally refined form to reduce
the incidence of diabetes.

JAMA. 1997;277:472-477

NON-INSULIN-DEPENDENT diabe¬
tes mellitus (NIDDM) is characterized
by a decrease in the effect of insulin on

peripheral tissues (insulin resistance) and
by the inability of the endocrine pancreas
to compensate for this resistance (rela¬
tive insulin deficiency).1·2 Genetic factors,3
as well as age and obesity,4"7 have been
described as the major risk factors for
insulin resistance and NIDDM. Never¬
theless, there has been great interest in
the role of other potentially modifiable
factors such as physical activity,8·9 smok¬
ing,1011 and alcohol consumption.11·12 Par¬
ticular attention has been focused on the

hypothesis that dietary factors that in¬
crease insulin resistance or insulin de¬
mands would, over the long term, influ¬
ence the risk of NIDDM.1318

In animal studies, saturated fat in¬
take is directly related to insulin resis¬
tance19"23; however, inconsistent results
have been observed in clinical set¬
tings.24 In some clinical studies a benefi¬
cial effect of a high-fiber diet on insulin
demand in NIDDM subjects has been sug¬
gested.26"27 Also, results from metabolic
studies have suggested that carbohy¬
drates with a high glycémie index (a quali¬
tative indicatorof carbohydrate's ability
to raise blood glucose levels) increase in¬
sulin demand and accentuate hyperinsu-
linemia.28"35 Recent analysis on the long-
term effect of dietary patterns on insulin
levels suggest that animal fat may in¬
crease insulin levels, whereas dietary fi¬
ber may decrease them.15·16 However,
there are few prospective studies ad¬
dressing the association between diet and
risk of NIDDM,15·36"39 some of them with
méthodologie limitations in measuring

diet or incomplete control for obesity and
other risk factors.

In an earlier analysis from the Nurses'
Health Study (1980-1986),15 we observed
that magnesium intake was inversely as¬
sociated with risk of NIDDM. In a recent
analysis of a 6-year follow-up period in a

parallel study among men,18 we found that
intakes of cereal fiber and magnesium
were inversely associated with risk of
NIDDM and that consumption of carbo¬
hydrates with a high glycémie index was

positively associated with risk ofNIDDM.
To address further the hypothesis that

diets leading to a high insulin demand
would influence the risk of NIDDM, we
examined prospectively the relationship
between specific dietary patterns and
risk of NIDDM in a cohort of 65173
women while controlling for the major
known risk factors for diabetes.

METHODS
Study Population

The Nurses' Health Study is a longi¬
tudinal study of diet and lifestyle factors
in relation to chronic diseases among
121700 US female registered nurses aged
30 to 55 years at enrollment. The cohort
was assembled in 1976 when the partici¬
pants returned a mailed questionnaire
about known and suspected risk factors
for cancer and cardiovascular disease.40
In 1980, we assessed diet with a 61-item
semiquantitative food frequency question¬
naire.41 In 1986, an expanded food fre¬
quency questionnaire (134 food items) was
mailed to cohort members. For the cur¬
rent analysis, we used information from
respondents to the 1986 questionnaire,
comprising 75 543 women aged 40 to 65
years; these data are thus independent of
our earlier report.15 We excluded partici¬
pants who did not satisfy the a priori cri¬
teria ofdaily energy intake between 2512
and 14654 kJ and those who left 10 or
more blanks amongthe 134 total food items
in the dietary questionnaire. In addition,
women who reported on the 1986 or a

previous questionnaire a diagnosis of dia¬
betes mellitus, cancer (except nonmela¬
noma skin cancer), myocardial infarction,
angina, stroke, and coronary artery sur¬

gery were also excluded, because they
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may have modified their diet after the
diagnosis. One or more of the above rea¬
sons for exclusion were met by 10 370 par¬
ticipants, leaving 65173 eligible women
who were followed for NIDDM incidence
in the subsequent 6 years (1986-1992).

Dietary Assessment
To assess the participants' diets, a vali¬

dated semiquantitative food frequency
questionnaire containing 134 food items
and beverages as well as vitamin supple¬
ments was used in 1986. Nutrient scores
were computed by multiplying the fre¬
quency of consumption of each unit of
food derived from the food frequency
questionnaire by the nutrient content of
the specified portion size according to the
food composition tables from the US De¬
partment of Agriculture.42 A full descrip¬
tion of the food frequency questionnaire
in its abbreviated form (61 items) and of
the procedures for calculation ofnutrient
intake, as well as data on reproducibility
and validity in this cohort, have been pre¬
viously reported.41·43 Data on reproduc¬
ibility and validity of the 134-item food
frequency questionnaire used in a paral¬
lel study of men have been previously
reported (energy-adjusted mean daily in¬
take correlations between dietary records
and the food frequency questionnaire
were 0.75 for magnesium, 0.80 for satu¬
rated fat, 0.71 for monounsaturated fat,
0.44 for polyunsaturated fat, and 0.81 for
carbohydrates).44·46 The performance of
the food frequency questionnaire for as¬

sessing the individual foods from which
the glycémie index and load were derived
has been previously documented46; high
corrected correlation coefficients were ob¬
served for foods with high as well as low
glycémie index, for example, white bread,
0.71; dark bread, 0.77; potatoes, 0.66; cold
breakfast cereal, 0.79; cola beverages, 0.84;
apples, 0.80; orange juice, 0.84; yogurt,
0.94; broccoli, 0.69; and peanut butter, 0.75.

For each participant we derived an av¬

erage dietary glycémie index value. The
glycémie index is a quantitative assess¬
ment of foods based on the incremental
glucose response and insulin demand they
produce for a given amount of carbohy¬
drate.4648 As suggested by Wolever et al,49
we calculated the average dietary glycé¬
mie index for each participant by sum¬

ming the products of the carbohydrate
content per serving for each food times
the average number of servings of that
food per day, times its glycémie index, all
divided by the total amount of carbohy¬
drate daily intake. Following a similar
principle, but without dividing by the to¬
tal amount of carbohydrate, we also de¬
rived a score for the global dietary gly¬
cémie load as an indicator of a glucose
response or insulin demand induced by
the total carbohydrate intake. For these

calculations we used the published data
for glycémie index values,50"52 the carbo¬
hydrate content in each serving reported
by the US Department of Agriculture,41
and the average number of food servings
per day derived from the dietary ques¬
tionnaire. To control for total energy in¬
take, all nutrients as well as the glycémie
index and glycémie load variables were

adjusted for total energy using the re¬
siduals method.53
Measurement of Nondietary Factors

In 1982, the participants provided in¬
formation on history of diabetes in first-
degree relatives. In 1986 the participants
provided information on their weight and
smoking status. The validity of self-re¬
ported weight in this cohort has been re¬

ported previously (correlation coefficient
of 0.96 between self-reported and mea¬
sured weight).54 The level of physical ac¬

tivity in metabolic equivalents per week
was estimated based on self-reported du¬
ration per week of various forms of ex¬

ercise, weighting each activity by its in¬
tensity level.55

Follow-up and Ascertainment
of Cases

On follow-up questionnaires mailed ev¬

ery 2 years (in 1988, 1990, and 1992) we

inquired whether diabetes had been
newly diagnosed. When diabetes melli¬
tus was reported on a follow-up ques¬
tionnaire, we mailed the participant a

supplementary questionnaire to confirm
the report and to ascertain the date of
diagnosis, tests done to confirm the di¬
agnosis, presenting symptoms, and medi¬
cations. The diagnosis of NIDDM was
established whenever 1 or more of the
following criteria were met: (1) 1 or more
classic symptoms (thirst, polyuria, weight
loss, pruritus), plus a fasting plasma glu¬
cose concentration of 7.8 mmol/L (140
mg/dL) or higher or a random plasma
glucose concentration of 11.1 mmol/L (200
mg/dL) or higher; or (2) at least 2 el¬
evated plasma glucose concentrations on
different occasions (fasting >7.8 mmol/L
[140 mg/dL] and/or random >11.1 mmol/L
[200 mg/dL] and/or >11.1 mmol/L [200
mg/dL] after 2 hours or more on oral
glucose tolerance testing) in the absence
of symptoms; or (3) treatment with hy¬
poglycémie medication (insulin or oral hy¬
poglycémie agents). These criteria cor¬

respond to those proposed by the
National Diabetes Data Group66 and the
World Health Organization.57 We ex¬
cluded women with insulin-dependent
(type I) diabetes, as well as women clas¬
sified as having gestational diabetes only
(diabetes first diagnosed during preg¬
nancy, persisting no more than 1 month
after the end ofpregnancy). The validity
of self-reported diabetes in this cohort

using the supplementary questionnaire
has been previously documented.5
Statistical Analysis

For each participant, person-months of
follow-up were counted from the date of
return of the 1986 questionnaire to the
date ofdiabetes diagnosis, to date ofdeath,
or to June 1,1992, whichever came first.
Person-months of follow-up were calcu¬
lated according to the exposure status in
1986, for example, by level of nutrient
intake. Incidence rates were calculated as
the number of events divided by the per¬
son-time of follow-up. Relative risks (RRs)
(incidence-rate ratios) were calculated by
dividing the incidence rate of NIDDM in
a particular category of exposure by the
corresponding rate in the reference cat¬
egory.58 The Mantel extension test59 was
calculated to assess the linear trend with
increasing exposure levels. In multivari¬
ate logistic models, we tested for signifi¬
cant monotonie trend by assigning each
participant the median value for the cat¬
egory and modeling this value as a con¬
tinuous variable. All  values are 2-sided.
Relative risks were simultaneously ad¬
justed for other variables by means of
logistic regression analysis.60 The basic
model included terms for age in 5-year
categories and other variables that pre¬
dict NIDDM in this cohort study,6·12 spe¬
cifically body mass index (weight in kilo¬
grams divided by the square of the height
in meters, using 9 categories), smoking
status (current smoker classified accord¬
ing to the number of cigarettes smoked
per day, former smoker, ornever smoker),
alcohol consumption (7 categories), physi¬
cal activity (quintile groups of metabolic
equivalents), and history of diabetes in a

first-degree relative (yes or no). All analy¬
ses reported in this article use this basic
model, unless stated otherwise.

RESULTS
Among the baseline population of65173

women, the dietary glycémie index was

positively associated with carbohydrate
and cereal fiber intake and negatively
associated with consumption of magne¬
sium, alcohol, and animal fat (Table 1).
The glycémie index was also positively
related to the frequency of intake of the
foods contributing most to carbohydrate
variation intake in our cohort (Table 1). A
similar pattern of association was ob¬
served with the glycémie load score.

We documented 915 incident cases of
NIDDM during a 6-year follow-up period
(1986-1992). Total energy intake was

weakly and positively related to risk of
NIDDM after adjustment for age, obe¬
sity, alcohol consumption, smoking, physi¬
cal activity, and family history, although
the test for trend was not statistically
significant (Table 2). Animal fat intake
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was unrelated with risk of NIDDM,
whereas vegetable fat was inversely as¬
sociated with risk of NIDDM, although it
was not statistically significant. Dietary
monounsaturated and polyunsaturated fat
were not appreciably associated with risk

of NIDDM (Table 2), nor was the ratio of
polyunsaturated to saturated fat.

We observed a significant inverse as¬
sociation between total dietary fiber in¬
take and risk of NIDDM. Among the dif¬
ferent sources ofdietary fiber, cereal fiber

Table 1.—Means of Dietary Intakes and Other Risk Factors for Non-insulin-dependent Diabetes (NIDDM)
by Quintile of Energy-Adjusted Glycémie Index Score in a Population of 65173 US Women Aged 40 to 65
Years in 1986*

Glycémie Index Quintile (Mean)
I-1
12 3 4 5

Risk Factor_(62.9)_(68.1)_(70.7)_(73.4)_(77.9)
Dietary factors, daily intake

Total energy, kJ 7253 7636 7594 7531 7106

Carbohydrate, g/d Ï84 191 ?93 196 200
Protein, g/d 79 77 75 73 70

Vegetable fat, g/d 23~7 247 25^4 26Ü 26~7
Animal fat, g/d 340 32~9 32~! 32~2 3T7
Dietary fiber, g/d Î74 ÜJ5 17~8 17^6    
Cereal fiber, g/d 3^6 43 45 47 5 
Alcohol, g/d 9.4 7.2 6.0 5.3 4.3

Magnesium, mg/d_321_313_301_289_271
Foods, servings per week

Cooked potatoes 1.5 2.0 2.3 2.6 3.0
French fried potatoes 0.3 0.3 0.4 0.5 0.6
Cola beverages 0.5 0.6 0.8 1.2 1.8
Jams   TÂ  ? ÏJ V6
Pasta Ü)  2  "|  3   )
White bread 23 3 3Í 48 5~8
English muffins 0.8 1.1 1.3 1.5 1.6
White rice 0.7 0.8 0.9 0.9 0.8
Cold breakfast cereal 1.4 2.0 2.3 2.5 2.9

Physical activity, METs/d_12^_12JS_12J_12 _11.2
Body mass index, kg/m;_247_25J_25J_25J3_25.4
Current smokers, %_26J5_203_19^4_]92_1^8
Family history of NIDDM, % 18.4 19.6 19.4 19.4 19.7

*Data were directly standardized to the age and body mass index distribution of the entire study group, except
body mass index, which was only age standardized. METs indicates metabolic equivalents.

was inversely associated with risk of
NIDDM, whereas fruit and vegetable fi¬
ber were not clearly related to risk (Table
3). Magnesium, calcium, and potassium
were inversely related to risk ofNIDDM,
but only for magnesium was the trend
significant (Table 3). The inverse asso¬
ciation withmagnesium remained signifi¬
cant after further adjustment for cereal
fiber intake and glycémie load.

Although total carbohydrate intake was
not related to risk of NIDDM, both the
glycémie index as well as the glycémie
load score were positively associated with
risk. However, the glycémie load score
became significant only after adjustment
for cereal fiber intake (Table 4).

We examined the joint effect of the gly¬
cémie load and the cereal fiber intake by
cross classifying participants by both vari¬
ables. The RR for the combination of a

high glycémie load and a low cereal fiber
intake compared with the opposite ex¬
treme was 2.50 (confidence interval [CI],
1.14-5.51) (Figure).

We also examined the relation to risk
of NIDDM of the 20 foods contributing
most to variation of carbohydrate con¬

sumption within this cohort. We observed
significant inverse associations with cold
breakfast cereal and yogurt, and signifi
cant positive associations with cola bev¬
erages, white bread, white rice, french
fried potatoes, and cooked potatoes.

In the main results we further included
in the basic model waist-hip ratio as a

covariate; however, the results did not
change after controlling for waist-hip ra¬
tio. We also repeated our analysis adjust¬
ing for updated values from the biennial

Table 2.—Adjusted Relative Risk (RR) of Non-insulin-dependent Diabetes (NIDDM) by Quintile of Total Energy Intake and Energy-Adjusted Fat Intake in a
Population of 65173 US Women Aged 40 to 65 Years in 1986, Followed Up for 6 Years*

Total energy Intake, RR (95% CI)

Quintile

  

.16Median intake, kJ/d
Cases of NIDDM, No.

1.0 1.24(1.00-1.53) 1.20(0.96-1.49) 1.12(0.90-1.39)
4710 6100 7172 8374

159 192 182 178

1.24(1.00-1.53)
10 367

204 J
Vegetable fat, RR (95% CI)

Median intake, g/d
Cases of NIDDM, No.

1.0 0.92(0.75-1.13) 0.97(0.79-1.20) 0.89(0.72-1.09)
15.8 20.8 24.6 28.6
196 180 194 174

0.85(0.68-1.04)
35.3
171 J

.12

Animal fat, RR (95% CI)
Median intake, g/d
Cases of NIDDM, No.

1.0 1.21 (0.97-1.52) 1.24(0.99-1.54) 1.07(0.85-1.35)
21.8 27.8 32.0 36.7

186 200 185

1.09(0.87-1.37)
44.2
208

.76

Saturated fat, RR (95% CI)
Median intake, g/d
Cases of NIDDM, No.

1.0 1.21 (0.98-1.50) 0.99(0.79-1.24) 0.98(0.79-1.22)
18.3 20.4 22.7

153 203 177 187

0.95(0.76-1.18)
26.4

195 J
.20

Polyunsaturated fat, RR (95% CI)
Median intake, g/d
Cases of NIDDM, No.

1.0 0.93(0.76-1.15) 0.91 (0.74-1.12) 0.91 (0.74-1.13)
7.6 9.3 10.6 12.1
188 178 176 178

0.97(0.79-1.19)
14.5
195 J

.81

Monounsaturated fat, RR (95% CI)
Median intake, g/d
Cases of NIDDM, No.

1.0 0.98(0.78-1.21) 0.99 (0.80-1.23) 0.99(0.80-1.23)
15.9 19.1 21.3 23.4
164 175 182 195

0.91 (0.73-1.13)
26.7
199

*Adjusted for age (40-44, 45-49, 50-54, 55-59, and 60-65 years), body mass index (<23, 23, 24, 25-26, 27-28, 29-30, 31-32, 33-34, a35 kg/m2, and missing information),alcohol intake (no drinkers, 0.1-1.4, 1.5-2.9, 3.0-5.4, 5.5-10.4, 10.5-17.0, and >17.0 g/d), smoking status (never, past, 1-14, 15-24, 225 cigarettes per day, and missing
information), physical activity (quintiles of metabolic equivalents), and family history of diabetes (yes or no). CI indicates confidence interval.

tReference quintile.
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follow-up questionnaires for those vari¬
ables in the basic model; again no appre¬
ciable changes were observed.

COMMENT
In this large-scale prospective study,

we observed that diets with high glycé¬
mie load and low cereal fiber content were

positively associated with risk ofNIDDM,
independent of other dietary factors and
currently known risk factors. The pro¬
spective design of this study avoids the
possibility ofbiased recall ofdiet because
all data on food intake were collected be¬
fore the diagnosis ofNIDDM. Incomplete
follow-up is unlikely to distort these re¬
sults since the follow-up rate was over
90% and similar for each level of baseline
of the dietary variables. We considered
the possibility that a diagnostic bias

might account for the observed relation¬
ship between dietary intake patterns and
risk of NIDDM. It could be possible that
women with unhealthy diets may be more

likely to have screening tests for diabe¬
tes. However, the proportion of cases
without reported symptoms at diagnosis
did not vary appreciably by level of gly¬
cémie load score, magnesium or dietary
fiber intake, nor did the frequency ofphy¬
sician visits within the first 2 years of
follow-up. Further, when only cases who
were symptomatic at diagnosis were con¬

sidered, the association with glycémie load
was even stronger than for all cases of
NIDDM.

Previous prospective studies as well
as the current analysis have consis¬
tently found little relationship between
total carbohydrate intake and risk of

NIDDM.16·18·36"39 Using total carbohy¬
drate intake, however, does not take
into account the glycémie effect or in¬
sulin demand of various forms of car¬

bohydrates. Metabolic studies have docu¬
mented differences in insulin demand
generated by various foods containing the
same amount of carbohydrate,48 depend¬
ing largely on the type or degree of di¬
gestibility of the starch content. Foods
with a higher carbohydrate digestibility
generate a higher insulin demand.46·51 The
carbohydrates in starchy foods with a low
glycémie index have been called lente car¬

bohydrates,61·62 which are mainly from less
processed grain products that maintain
their original fiber content. Some repre¬
sentative values for food with low and
high glycémie index are white bread, 100;
dark bread, 58-70; mashed potatoes, 104;

Table 3.—Adjusted Relative Risk (RR) of Non-insulin-dependent Diabetes (NIDDM) by Quintile of Energy-Adjusted Carbohydrate, Dietary Fiber, and Magnesium
Intake in a Population of 65 173 US Women Aged 40 to 65 Years in 1986, Followed Up for 6 Years*

Quintile

1t
Total carbohydrate, RR (95% CI)

Median intake, g/d
Cases of NIDDM, No.

1.0 0.94(0.76-1.17) 1.14(0.92-1.41) 0.95(0.76-1.19)
155 178 189 208
177 174 209 169

1.04(0.83-1.30)
231
186

.83

Total dietary fiber, RR (95% CI)
Median intake, g/d
Cases of NIDDM, No.

1.0 1.01 (0.83-1.24) 0.90(0.73-1.11) 0.91 (0.74-1.13)
11.8 14.7 17.0 19.6

203 179 1£

0.78 (0.62-0.98)
24.1
153

.02

Fruit fiber, RR (95% CI)
Median intake, g/d
Cases of NIDDM, No.

1.0 0.87(0.70-1.07) 0.95(0.77-1.18) 0.94(0.76-1.16)
1.4 2.6 3.7 5.1

166 187 192

0.87(0.70-1.08)
7.6

182 J
.39

Vegetable fiber, RR (95% CI)
Median intake, g/d
Cases of NIDDM, No.

1.0 1.40(1.13-1.73) 1.23(0.99-1.53) 1.29(1.04-1.61)
3.4 4.8 5.9 7.2
156 204 183 194

1.17(0.93-1.46)
9.6

178
.54

Cereal fiber, RR (95% CI)
Median intake, g/d
Cases of NIDDM, No.

1.01 (0.83-1.23) 0.85(0.69-1.04) 0.82(0.66-1.01)
2.0 2.9 3.7 4.9

210 213 183 169

0.72 (0.58-0.90)
7.5

140
.001

Magnesium, RR (95% CI)
Median intake, mg/d
Cases of NIDDM, No.

1.0 0.91 (0.74-1.10) 0.84(0.69-1.03) 0.82(0.67-1.01)
222 261 292 327
224 201 180 179

0.62 (0.50-0.78)
338
131

<.001

*Adjusted for age (40-44, 45-49, 50-54, 55-59, and 60-65 years), body mass index (<23, 23, 24, 25-26, 27-28, 29-30, 31-32, 33-34, a35 kg/m2, and missing information),
alcohol intake (no drinkers, 0.1-1.4, 1.5-2.9, 3.0-5.4, 5.5-10.4, 10.5-17.0, and >17.0 g/d), smoking status (never, past, 1-14, 15-24, a25 cigarettes per day, and missing
information), physical activity (quintiles of metabolic equivalents), and family history of diabetes (yes or no). CI indicates confidence interval.

fReference quintile.

Table 4.—Adjusted Relative Risk of Non-insulin-dependent Diabetes (NIDDM) by Quintile of the Energy-Adjusted Glycémie Index and Glycémie Load Score When
Adding to the Basic Model Cereal Fiber Intake*

Quintile
I
1t

Glycémie index
Quintile median 64 68 71 73 77

Cases of NIDDM, No. 142 170 197 202 204
Basic model, RR (95% CI) 1.0 1.16(0.92-1.45) 1.29(1.03-1.61) 1.28(1.02-1.59) 1.25(0.99-1.54) .04

Further adjusted for cereal fiber intake, RR (95% CI) 1.0 1.21 (0.96-1.52) 1.37(1.10-1.72) 1.37(1.09-1.71) 1.37(1.09-1.71) .005

Glycémie load
Quintile median 111 131 144 157 178

Cases of NIDDM, No. 156 189 185 179 206
Basic model, RR (95% CI) 1.0 1.17(0.94-1.46) 1.11(0.89-1.39) 1.11(0.88-1.39) 1.26(1.00-1.57) .09
Further adjusted for cereal fiber intake, RR (95% CI) 1.0 1.24(0.99-1.55) 1.22(0.97-1.54) 1.25(0.99-1.59) 1.47(1.16-1.86) .003

 Adjusted for age (40-44, 45-49, 50-54, 55-59, and 60-65 years), body mass index (<23, 23, 24, 25-26, 27-28, 29-30, 31-32, 33-34, 2:35 kg/m2, and missing information),
alcohol intake (no drinkers, 0.1-1.4, 1.5-2.9, 3.0-5.4, 5.5-10.4, 10.5-17.0, and >17.0 g/d), smoking status (never, past, 1-14, 15-24, ==25 cigarettes per day, and missing
information), physical activity (quintiles of metabolic equivalents), and family history of diabetes (yes or no). CI indicates confidence interval.

tReference quintile.
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Relative risk of non-insulin-dependent diabetes mellitus by different levels of cereal fiber intake and glycé¬
mie load.

cold breakfast cereal (depending on the
type), 72-127; cola beverages, 87; apples,
65; orange juice, 65; yogurt, 35; broccoli,
45; and peanut butter, 40.50"52 To evaluate
the relationship between carbohydrate
intake and risk of NIDDM, it therefore
seems critical to examine the quality as
well as the quantity ofcarbohydrates con¬
sumed. The glycémie index, as a relative
measure of glycémie response to a given
amount of carbohydrate, does represent
the quality of carbohydrate but does not
take into account the quantity. In con¬

trast, the total glycémie load represents
the combination of quality as well as the
quantity of carbohydrate consumed, and
may be interpreted as a measure of di¬
etary insulin demand.

An extensive literature has addressed
the link between consumption of fiber-
depleted diets and the occurrence of sev¬
eral chronic diseases, including NIDDM.63
In some metabolic studies among patients
with NIDDM, high-fiber diets have de¬
creased insulin demand.2527 It has also
been suggested that the type of fiber
could be differentially related to risk of
NIDDM,18·64 and that the amount of di¬
etary fiber consumed may modify the in¬
sulin demand that different foods gener¬
ate; starchy foods mixed with viscous
soluble fibers (guar gums) present lower
glycémie responses than when eaten with¬
out it.65·66 However, there are sparse epi¬
demiologie data on the relationship be¬
tween different types of dietary fiber
intake and the incidence of NIDDM, and
on the potential interactions with other
dietary factors. In our current analysis,
we found that total dietary fiber was in¬
versely related with risk of NIDDM, but

fiber from cereals had an especially strong
inverse independent relationship to risk
of NIDDM. Our results also suggest a

particularly adverse effect of high glycé¬
mie load in combination with a low cereal
fiber intake; the RR observed for this
combination (RR=2.50) was more than
2-fold greater relative to consumption of
a diet high in cereal fiber and low in gly¬
cémie load. A similar pattern was ob¬
served in a parallel cohort of men.18

Hyperinsulinemia, a manifestation of
insulin resistance, is 1 of the best predic¬
tors ofNIDDM6770 and populations at high
risk of NIDDM have higher insulin lev¬
els.67 Diets with a high glycémie index
increase insulin demand and hyperinsu¬
linemiaamongpatients with NIDDM,28"32
as well as in normal subjects.33 Therefore,
diets with a high glycémie load as well as
low cereal fiber content are likely to lead
to a chronic high demand for insulin, which
may be exacerbated by insulin resistance.
As long as the pancreas is able to aug¬
ment insulin secretion to meet the extra
demand, glucose tolerance remains nor¬
mal. But if the endocrine pancreas fails to
respond adequately (relative insulin de¬
ficiency), glucose intolerance ensues, lead¬
ing to NIDDM.71"75 Why pancreatic "ex¬
haustion" occurs is not clear, but it may
be related to the effect ofglucose toxicity
in a genetically predisposed beta cell; in
early stages, however, this pancreatic de¬
ficiency may be reversible.76"77

Metabolic studies suggest an inverse
association between intracellular magne¬
sium and insulin resistance.78·79 Also, a
beneficial effect ofmagnesium supplemen¬
tation on insulin sensitivity in patients
with NIDDM80·81 and in normal subjects82

has been established in small clinical tri¬
als. Our results suggest that magnesium
may be an independent predictor of
NIDDM. The inverse relationship be¬
tween dietary magnesium intake and risk
ofNIDDM we observed is consistentwith
our results of an earlier analysis in the
Nurses' Health Study15 and a parallel
study in men.18 However, in neither of
these studies did we observe a consistent
relationship between magnesium and
NIDDM among the different food sources
of magnesium, as would be expected for
a true causal relationship. The high cor¬
relation between cereal fiber and mag¬
nesium may not permit a clear separation
of the independent effect of magnesium
from that of cereal fiber intake.

Most prospective studies exploring the
relation between diet and NIDDM have
not found a positive association between
total fat intake and incidence of NIDDM.
Our findings in the first 6-year follow-up
period in the Nurses' Health Study15 and
in a parallel study in men18 are consistent
with our current results, suggesting that
overall fat intake is not associated with
risk of NIDDM.

Beyond the well-known risk factors for
NIDDM of age, obesity, family history,
sedentary lifestyle, and smoking, our find¬
ings support the hypothesis that a diet
with high glycémie load and a low cereal
fiber content increases risk of NIDDM.
These findings suggest that grains should
be consumed in a minimally refined form
to reduce the incidence of diabetes.
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