
ORIGINAL INVESTIGATION

Fiber and Magnesium Intake and Incidence
of Type 2 Diabetes

A Prospective Study and Meta-analysis

Matthias B. Schulze, DrPH; Mandy Schulz, DrPH; Christin Heidemann, DrPH;
Anja Schienkiewitz, MPH; Kurt Hoffmann, PhD; Heiner Boeing, PhD

Background: Prospective studies on fiber and magne-
sium intake and risk of type 2 diabetes mellitus were in-
consistent. We examined associations between fiber and
magnesium intake and risk of type 2 diabetes and sum-
marized existing prospective studies by meta-analysis.

Methods: We conducted a prospective cohort study of
9702 men and 15 365 women aged 35 to 65 years who
were observed for incident diabetes from 1994 to 2005.
Dietary intake of fiber and magnesium were measured
with a validated food-frequency questionnaire. We esti-
mated the relative risk (RR) by means of Cox propor-
tional hazards analysis. We searched PubMed through
May 2006 for prospective cohort studies of fiber and mag-
nesium intake and risk of type 2 diabetes. We identified
9 cohort studies of fiber and 8 studies of magnesium in-
take and calculated summary RRs by means of a random-
effects model.

Results: During 176 117 person-years of follow-up, we
observed 844 incident cases of type 2 diabetes in the

European Prospective Investigation Into Cancer and
Nutrition–Potsdam. Higher cereal fiber intake was in-
versely associated with diabetes risk (RR for extreme quin-
tiles, 0.72 [95% confidence interval [CI], 0.56-0.93]), while
fruit fiber (0.89 [95% CI, 0.70-1.13]) and vegetable fiber
(0.93 [95% CI, 0.74-1.17]) were not significantly associ-
ated. Meta-analyses showed a reduced diabetes risk with
higher cereal fiber intake (RR for extreme categories, 0.67
[95% CI, 0.62-0.72]), but no significant associations for fruit
(0.96 [95% CI, 0.88-1.04]) and vegetable fiber (1.04 [95%
CI, 0.94-1.15]). Magnesium intake was not related to dia-
betes risk in the European Prospective Investigation Into
Cancer and Nutrition–Potsdam (RR for extreme quin-
tiles, 0.99 [95% CI, 0.78-1.26]); however, meta-analysis
showed a significant inverse association (RR for extreme
categories, 0.77 [95% CI, 0.72-0.84]).

Conclusion: Higher cereal fiber and magnesium in-
takes may decrease diabetes risk.
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T HE PREDICTED INCREASE IN

diabetes mellitus preva-
lence from 171 million in-
dividuals diagnosed as hav-
ing diabetes worldwide in

2000 to 370 million by the year 20301 and
the alarming projections in terms of asso-
ciated morbidities and mortality,2 as well
as health care costs,3 emphasize the need
for preventive action. Current guidelines
for the prevention of type 2 diabetes by the
American Diabetes Association4 and the
European Association for the Study of Dia-
betes5 include goals for total dietary fiber
intake. It has been suggested that the ben-
efits of increased fiber intake result prin-
cipally from the greater consumption of
soluble forms6 due to effects on gastric
emptying, macronutrient absorption,
and reduced postprandial glucose re-
sponses.7-9 Insoluble fiber may reduce dia-
betes risk by the production of short-
chain fatty acids in the colon and their

effect on hepatic insulin sensitivity.10,11

However, although prospective studies
have observed reduced diabetes risk with
high cereal fiber and whole grain con-
sumption,12-20 these findings have not been
confirmed by all studies,16,21 and benefi-
cial effects of fruit and vegetable fiber re-
main unclear so far. In addition, while
magnesium deficiency is plausibly linked
to diabetes,22 the absence of clinical trials
and the inconsistency among prospec-
tive studies regarding the role of magne-
sium in diabetes prevention14,21,23-25 pre-
clude definitive recommendations at
present.5

The aims of this study were to evaluate
the association between total, cereal, fruit,
and vegetable fiber, as well as soluble and
insoluble fiber and magnesium intake, and
risk of type 2 diabetes in a large prospec-
tive cohort study of men and women and
to summarize the existing evidence from
prospective studies by meta-analysis.
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METHODS

STUDY POPULATIONS

The European Prospective Investigation Into Cancer and Nu-
trition (EPIC)–Potsdam study is part of the multicenter pro-
spective cohort study EPIC.26,27 In Potsdam, Germany, 27 548
subjects, 16 644 women aged mainly 35 to 65 years and 10 904
men aged mainly 40 to 65 years, from the general population
were recruited between 1994 and 1998.28 The baseline exami-
nation included anthropometric measurements and a self-
administered validated food-frequency questionnaire, as well
as a personal interview including questions on prevalent dis-
eases and a questionnaire on sociodemographic and lifestyle
characteristics. Follow-up questionnaires have been adminis-
tered every 2 to 3 years to identify incident cases of diabetes
mellitus. Response rates for follow-up rounds 1, 2, and 3 ex-
ceed 90%. We also considered questionnaires within the on-
going fourth follow-up round sent out until January 31, 2005,
of which 96.2% were returned by August 31, 2005.

The prevalence of diabetes mellitus at baseline was evalu-
ated by a physician using information on self-reported medi-
cal diagnoses, medication records, and dieting behavior. Un-
certainties regarding a proper diagnosis were clarified with the
participant or treating physician. After exclusion of partici-
pants with prevalent diabetes at baseline or with self-reported
diabetes during follow-up but without physician confirma-
tion (n=1567), with missing follow-up time (n=589), with miss-
ing diet and confounder information at baseline (n=226), or
with implausible energy intake (�800 or �6000 kcal/d; n=99),
9702 men and 15 365 women remained for analyses.

Informed consent was obtained from all participants of the
study, and approval was given by the Ethical Committee of the
State of Brandenburg, Germany.

DIETARY ASSESSMENT

All participants were asked to complete a semiquantitative food-
frequency questionnaire. This questionnaire assessed the av-
erage frequency of intake and the portion size of 148 foods con-
sumed during the 12 months before examination. Frequency
of intake was measured using 10 categories, ranging from “never”
to “5 times per day or more.” Portion sizes were estimated with
the use of photographs of standard portion sizes. Information
on frequency of intake and portion size was used to calculate
the amount of each food in grams consumed on average per
day. Intakes of fiber and magnesium were estimated on the ba-
sis of the German Food Code and Nutrient Data Base,29 ver-
sion II.3, and adjusted for total energy intake by the residual
method.30 The validity and reproducibility of the food-
frequency questionnaire have been described previously.31-33

Briefly, the corrected correlation coefficients between food-
frequency questionnaire and twelve 24-h dietary recalls for en-
ergy-adjusted intake of total fiber was 0.66.31

ASCERTAINMENT OF TYPE 2 DIABETES

Potentially incident cases of diabetes were identified via self-
reports of a diabetes diagnosis, diabetes-relevant medication,
or dietary treatment owing to diabetes. All potentially inci-
dent cases were verified by questionnaires mailed to the diag-
nosing physician asking about the date and type of diagnosis,
diagnostic tests, and treatment of diabetes. Only cases with a
physician diagnosis of type 2 diabetes mellitus (International
Statistical Classification of Diseases, 10th Revision, E11) and a
diagnosis date after the baseline examination were considered
as confirmed incident cases of type 2 diabetes.

ASSESSMENT OF LIFESTYLE EXPOSURES

Information on educational attainment, smoking, occupa-
tional activity level, and leisure-time physical activity were as-
sessed with a self-administered questionnaire and a personal
interview. We considered sports activities and biking as leisure-
time activities, both calculated as the average time spent per
week during the 12 months before baseline recruitment. An-
thropometric measurement procedures followed standard pro-
tocols under strict quality control.34,35

STATISTICAL ANALYSES

We estimated the relative risk (RR) for each quintile of energy-
adjusted fiber and magnesium intake compared with the low-
est quintile by means of Cox proportional hazards analysis strati-
fied by age. Age was used as the primary time-dependent variable
in all models, with entry time defined as the subject’s age at
recruitment and exit time as the date of diagnosis of diabetes
(International Statistical Classification of Diseases, 10th Revi-
sion, E10, E11, E13, and E14), death, or return of the last fol-
low-up questionnaire. We used information on covariates ob-
tained from the baseline examination in multivariate analyses,
including sex, body mass index, waist circumference, educa-
tional achievement (no vocational training or in training, vo-
cational training, technical school, technical college, or uni-
versity degree), occupational activity (light, moderate, or heavy),
sports activity (0, 0.1-4.0, or �4.0 h/wk), cycling (0, 0.1-2.4,
2.5-4.9, or �5 h/wk), smoking (never, past, current �20 ciga-
rettes per day, or current �20 cigarettes per day), total energy
intake, alcohol intake, carbohydrate intake, and the ratios of
polyunsaturated and monounsaturated fatty acids to satu-
rated fatty acids in the diet. The significance of linear trends
across quintiles of fiber and magnesium intake was tested by
assigning each participant the median value for the quintile and
modeling this value as a continuous variable.36 Because risk es-
timates were similar for men and women, we pooled both sexes
in our analyses. These statistical analyses were performed with
SAS statistical software, release 9.1 (SAS Institute Inc, Cary, NC).

META-ANALYSES

We conducted separate meta-analyses for different fiber sources
and magnesium by means of Review Manager, version 4.2 (Co-
penhagen, Denmark, Nordic Cochrane Centre, The Cochrane Col-
laboration, 2003). Studies were identified by searching PubMed
through May 2006 for the terms magnesium, fiber or fibre, and
diabetes and by reviewing references of published studies and re-
views. Studies were included if they were prospective cohort stud-
ies on type 2 diabetes. For studies reporting RRs for continuous
intake, estimates for categories were obtained from study authors.
For all meta-analyses, data were extracted by 2 investigators from
multivariate-adjusted models. Summary RRs were random ef-
fects estimates, which allow each of the studies in the meta-
analysis to estimate a different effect size.

RESULTS

Baseline characteristics by quintiles of total fiber intake
are shown in Table 1. Participants with higher fiber in-
take were more likely to be women, engaged more fre-
quently in sports activities and cycling, and were less likely
to smoke. With regard to dietary characteristics, higher
fiber consumption was related to higher intake of car-
bohydrates and magnesium and lower alcohol intake and
a more favorable fatty acid profile.

(REPRINTED) ARCH INTERN MED/ VOL 167, MAY 14, 2007 WWW.ARCHINTERNMED.COM
957

©2007 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023



During 176 117 person-years of follow-up (mean, 7.0
years), we observed 844 incident cases of type 2 diabe-
tes mellitus (491 men and 353 women). In all, 31.2% of
cases were treated by diet only, 24.4% by oral agents only,
35.8% by diet and oral agents, and the remaining 8.6%
by insulin alone or in combination with diet and/or oral
agents. After adjustment for age, sex, education, activ-
ity, anthropometric measures, and other individual char-
acteristics, neither magnesium nor total fiber intake was
associated with risk of developing type 2 diabetes
(Table 2). Intake of soluble fiber was inversely associ-
ated with diabetes risk in a multivariate model (RR for
extreme quintiles, 0.79; 95% confidence interval [CI],
0.63-0.98); however, this association was no longer sig-
nificant after adjustment for dietary confounders and at-
tenuated with additional adjustment for insoluble fiber
intake (RR, 0.83; 95% CI, 0.57-1.22). Insoluble fiber in-
take was not significantly associated with diabetes risk
after adjustment for confounders.

We further evaluated different sources of dietary
fiber. Cereal fiber was correlated with consumption of
whole-grain bread (r=0.71) and muesli (r=0.34) in
EPIC-Potsdam. In addition, cereal fiber was highly cor-
related with intake of soluble (r=0.82) and insoluble
(r=0.72) fiber, while these associations were moderate
for fruit fiber (r=0.43 and 0.55, respectively) and veg-
etable fiber (r=0.33 and 0.47, respectively). Cereal fiber
intake was inversely associated with diabetes risk

(Table 3). The RR for extreme quintiles was 0.73
(95% CI, 0.57-0.94) after adjustment for lifestyle and
dietary confounders. This association remained similar
after adjustment for other fiber sources. In contrast, nei-
ther fruit nor vegetable fiber was significantly related to
diabetes risk. Similar to the finding for cereal fiber,
higher whole-grain bread intake was inversely associ-
ated with diabetes risk. The RR for extreme quintiles
(�80.2 vs �4.4 g/d) was 0.78 (95% CI, 0.62-0.97),
after adjustment for age, sex, lifestyle confounders,
anthropometry, and dietary fat quality. This association
remained essentially unchanged with additional adjust-
ment for the intake of carbohydrates and magnesium
(RR, 0.78; 95% CI, 0.61-0.99).

We conducted separate meta-analyses for different
fiber sources and magnesium. In addition to our study,
we were able to identify 8 previous publications on
cereal, vegetable, and/or fruit fiber intake12-18,21 and 5 on
magnesium intake.14,21,23-25 The same study population
was investigated with regard to cereal fiber consump-
tion in 2 publications,12,15 and we used data from the
most recent publication only, with longer follow-up
and a larger number of cases.15 Publications from the
Atherosclerosis Risk in Communities Study16,23 reported
separate associations for black and white participants,
which we treated as separate cohorts. One publication
involved 2 different cohorts.24 This resulted in a total of
9 cohort studies on fiber intake and 8 on magnesium

Table 1. Baseline Characteristics by Quintiles of Carbohydrate and Fiber Intake, EPIC-Potsdam Study*

Characteristic

Quintile of Energy-Adjusted Total Fiber Intake

P Value1 2 3 4 5

Total fiber, g/d 15.1 18.7 20.9 23.5 29.0 �.001
Age, y 48.0 49.0 49.8 50.6 50.7 �.001
Sex, % male 55.1 39.1 34.7 31.8 32.8 �.001
BMI 26.1 26.1 26.1 26.2 26.0 .14
Waist circumference (men/women), cm 94.9/78.8 94.7/80.0 94.6/80.4 94.6/80.8 92.7/80.4 �.001
Sports activities, h/wk 0.9 0.9 0.9 0.9 1.2 �.001
Cycling, h/wk 1.5 1.7 1.8 2.0 2.3 �.001
Smoking, % �.001

Never 34.4 44.6 49.9 53.9 55.7
Former 32.4 32.6 32.2 30.4 31.7
Current, �20 cigarettes/d 20.5 16.8 13.9 12.7 10.1
Current, �20 cigarettes/d 12.7 6.0 4.1 3.0 2.5

Educational achievement, % �.001
No vocational training or in training 3.5 3.2 2.9 3.4 2.9
Vocational training 36.2 36.5 34.8 33.6 32.1
Technical school 22.9 23.7 25.9 25.5 26.7
Technical college, university 37.4 36.6 36.4 37.6 38.4

Occupational activity, % �.001
Light 57.3 60.9 61.1 61.9 58.5
Moderate 33.2 32.7 33.0 32.0 34.8
Heavy 9.5 6.5 5.8 6.1 6.7

Alcohol intake, g/d 24.4 13.9 11.5 10.2 9.3 �.001
Carbohydrate intake, % of energy 40.7 43.6 45.1 46.5 48.1 �.001
Magnesium intake, mg/d 298 304 313 326 359 �.001
PUFA-SFA ratio 0.41 0.44 0.45 0.47 0.49 �.001
MUFA-SFA ratio 0.84 0.85 0.85 0.86 0.87 �.001

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by height in meters squared); EPIC, European Prospective Investigation Into
Cancer and Nutrition; MUFA, monounsaturated fatty acid; PUFA, polyunsaturated fatty acid; SFA, saturated fatty acid.

*Data are given as means or percentages.
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Table 2. Relative Risk of Type 2 Diabetes Mellitus by Quintiles of Magnesium and Total, Soluble, and Insoluble Fiber Intake

Variable

Quintile of Energy-Adjusted Intake

P Value*1 2 3 4 5

Magnesium
Median, mg/d 268 297 316 339 377
Cases 173 166 157 178 170
Person-years 35 693 35 440 35 432 35 081 34 471
Relative risk (95% CI)

Multivariate adjusted† 1 [Reference] 0.94 (0.76-1.17) 0.86 (0.69-1.07) 0.96 (0.77-1.19) 0.90 (0.72-1.12) .44
Further adjustment for diet‡ 1 [Reference] 0.97 (0.78-1.21) 0.90 (0.72-1.13) 1.03 (0.82-1.29) 0.99 (0.78-1.26) .87

Total fiber
Median, g/d 15.8 18.8 20.9 23.4 27.9
Cases 188 180 171 165 140
Person-years 35 149 35 425 35 240 35 371 34 932
Relative risk (95% CI)

Multivariate adjusted† 1 [Reference] 1.08 (0.88-1.34) 0.99 (0.80-1.23) 0.94 (0.76-1.17) 0.86 (0.68-1.09) .11
Further adjustment for diet‡ 1 [Reference] 1.10 (0.88-1.36) 1.01 (0.80-1.27) 0.96 (0.75-1.22) 0.86 (0.65-1.14) .19

Soluble fiber
Median, g/d 5.3 6.4 7.2 8.1 9.6
Cases 188 157 183 166 150
Person-years 35 130 35 407 35 423 35 284 34 874
Relative risk (95% CI)

Multivariate adjusted† 1 [Reference] 0.86 (0.70-1.07) 0.98 (0.79-1.21) 0.87 (0.70-1.09) 0.79 (0.63-0.98) .05
Further adjustment for diet‡ 1 [Reference] 0.86 (0.69-1.08) 0.98 (0.79-1.22) 0.88 (0.69-1.11) 0.78 (0.60-1.01) .09
Further adjustment for insoluble fiber 1 [Reference] 0.85 (0.66-1.08) 0.99 (0.75-1.30) 0.91 (0.66-1.24) 0.83 (0.57-1.22) .45

Insoluble fiber
Median, g/d 10.3 12.3 13.7 15.4 18.4
Cases 199 185 159 165 136
Person-years 35 044 35 436 35 305 35 364 34 968
Relative risk (95% CI)

Multivariate adjusted† 1 [Reference] 1.05 (0.85-1.29) 0.89 (0.72-1.11) 0.92 (0.74-1.14) 0.83 (0.65-1.05) .06
Further adjustment for diet‡ 1 [Reference] 1.06 (0.85-1.31) 0.90 (0.72-1.14) 0.93 (0.73-1.18) 0.82 (0.61-1.08) .10
Further adjustment for soluble fiber 1 [Reference] 1.11 (0.87-1.42) 0.94 (0.70-1.26) 0.99 (0.71-1.38) 0.93 (0.62-1.40) .62

Abbreviation: CI, confidence interval.
*Test for trend based on variable containing median value for each quintile.
†Adjusted for age, sex, education, sports activity, cycling, occupational activity, smoking, alcohol consumption, total energy intake, body mass index, and waist

circumference.
‡Additionally adjusted for polyunsaturated fatty acid–saturated fatty acid ratio, monounsaturated fatty acid–saturated fatty acid ratio, and carbohydrate intake.

Model for magnesium was additionally adjusted for cereal fiber intake. Models for fiber were additionally adjusted for magnesium intake.

Table 3. Relative Risk of Type 2 Diabetes Mellitus by Quintiles of Cereal, Fruit, and Vegetable Fiber Intake

Variable

Quintile of Energy-Adjusted Intake

P Value*1 2 3 4 5

Cereal fiber
Median, g/d 6.6 9.0 10.8 12.8 16.6
Cases 219 164 179 162 120
Person-years 35 562 35 382 35 219 35 312 34 644
Relative risk (95% CI)

Multivariate adjusted† 1 [Reference] 0.87 (0.70-1.07) 0.95 (0.77-1.17) 0.86 (0.69-1.07) 0.73 (0.57-0.94) .02
Further adjustment for other fiber 1 [Reference] 0.86 (0.70-1.06) 0.94 (0.76-1.16) 0.85 (0.68-1.06) 0.72 (0.56-0.93) .02

Fruit fiber
Median, g/d 0.2 1.0 1.5 2.8 4.7
Cases 204 164 172 156 148
Person-years 34 750 35 154 35 196 35 488 35 529
Relative risk (95% CI)

Multivariate adjusted† 1 [Reference] 0.91 (0.74-1.12) 1.00 (0.80-1.24) 0.92 (0.74-1.14) 0.89 (0.71-1.13) .36
Further adjustment for other fiber 1 [Reference] 0.93 (0.75-1.15) 1.01 (0.81-1.26) 0.93 (0.74-1.16) 0.89 (0.70-1.13) .22

Vegetable fiber
Median, g/d 0.7 1.3 1.7 2.3 3.4
Cases 205 158 164 153 164
Person-years 34 926 35 192 35 542 35 489 34 968
Relative risk (95% CI)

Multivariate adjusted† 1 [Reference] 0.87 (0.70-1.07) 0.94 (0.76-1.16) 0.86 (0.69-1.07) 0.93 (0.75-1.17) .64
Further adjustment for other fiber 1 [Reference] 0.87 (0.70-1.08) 0.94 (0.76-1.16) 0.86 (0.68-1.07) 0.93 (0.74-1.17) .66

Abbreviation: CI, confidence interval.
*Test for trend based on variable containing median value for each quintile.
†Adjusted for age, sex, education, sports activity, cycling, occupational activity, smoking, alcohol consumption, total energy intake, body mass index, waist

circumference, magnesium intake, polyunsaturated fatty acid–saturated fatty acid ratio, monounsaturated fatty acid–saturated fatty acid ratio, and carbohydrate
intake.
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intake (Table 4). Three publications did not report
RRs for categories of fiber intake,15,16,21 but these data
were provided on request. Most studies reported RRs
for quintiles of intake; only 1 study for cereal fiber,17

which accounted for 1.5% of cases, and 2 studies for
magnesium,23 accounting for 11.3% of cases, reported
RRs for quartiles. The Figure shows the results of the
cohort studies for the highest category of fiber and mag-

Table 4. Cohort Studies of Fiber and Magnesium Intake and Risk for Type 2 Diabetes Mellitus

Source,
Study, Country Sex

Age at
Baseline, y

No. of
Participants

Follow-up,
Mean, y

No. of
Cases

Case
Ascertainment Exposures

Exposure
Categories Adjustment

Salmerón et al,13 1997,
Health Professionals
Follow-up Study,
United States

M 40-75 42 759 6 523 Self-reported
diagnosis

Cereal fiber,
fruit fiber,
vegetable
fiber

Quintiles Age, BMI, alcohol intake,
smoking, physical activity,
family history of diabetes

Salmerón et al,12 1997,
Nurses’ Health
Study, United States

F 40-65 65 173 6 915 Self-reported
diagnosis

Cereal fiber,
fruit fiber,
vegetable
fiber

Quintiles Age, BMI, alcohol intake,
smoking, physical activity,
family history of diabetes

Kao et al,23 1999,
ARIC Study,
United States

White participants M/F 45-64 9348 6 739 Use of diabetic
medication,
self-reported
diagnosis,
blood glucose
measurement

Magnesium Quartiles Age, sex, education, family
history of diabetes, BMI,
WHR, physical activity,
alcohol consumption,
diuretic use, calcium and
potassium intake

Black participants M/F 45-64 2548 6 367 Use of diabetic
medication,
self-reported
diagnosis,
blood glucose
measurement

Magnesium Quartiles Age, sex, education, family
history of diabetes, BMI,
WHR, physical activity,
alcohol consumption,
diuretic use, calcium and
potassium intake

Meyer et al,14 2000,
Iowa Women’s
Study, United States

F 55-69 35 988 6 1141 Self-reported
diagnosis

Cereal fiber,
fruit fiber,
vegetable
fiber,
magnesium

Quintiles Age, total energy intake, BMI,
WHR, education,
pack-years of smoking,
alcohol intake, physical
activity

Hu et al,15 2001,
Nurses’ Health
Study, United States

F 34-59 84 941 16 3300 Self-reported
diagnosis

Cereal fiber Quintiles Age, family history,
menopausal status, HT,
smoking, BMI, exercise,
alcohol intake, PUFA-SFA
ratio, trans fatty acids
intake, glycemic load

Stevens et al,16 2002,
ARIC Study,
United States

White participants M/F 45-64 9529 9 971 Use of diabetic
medication,
self-reported
diagnosis,
blood glucose
measurement

Cereal fiber,
fruit fiber,
legume
fiber

Quintiles Age, BMI, sex, field center,
education, smoking status,
physical activity

Black participants M/F 45-64 2722 9 476 Use of diabetic
medication,
self-reported
diagnosis,
blood glucose
measurement

Cereal fiber,
fruit fiber,
legume
fiber

Quintiles Age, BMI, sex, field center,
education, smoking status,
physical activity

Montonen et al,17 2003,
Finnish Mobile Clinic
Health Examination
Survey, Finland

M/F 40-69 4316 10 156 Social insurance
institution
register on
drug-treated
diabetes

Cereal fiber,
fruit fiber,
vegetable
fiber

Quartiles Age, sex, geographic area,
smoking, BMI, intakes of
energy, fruit and berries,
and vegetables

Hodge et al,21 2004,
Melbourne
Collaborative Cohort
Study, Australia

M/F 40-69 31 641 4 365 Self-reported
diagnosis,
confirmed by
treating
physician

Cereal fiber,
fruit fiber,
vegetable
fiber

Quintiles Age, sex, country of birth,
physical activity, family
history of diabetes, alcohol
intake, education level,
weight change in past 5 y,
energy intake, BMI, WHR

(continued)
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nesium intake compared with the lowest category. The
RR of type 2 diabetes for all cohort studies combined
was 0.67 (95% CI, 0.62-0.72) for cereal fiber, 0.96 (95%
CI, 0.88-1.04) for fruit fiber, 1.04 (95% CI, 0.94-1.15)
for vegetable fiber, and 0.77 (95% CI, 0.72-0.84) for
magnesium. The P values for heterogeneity in results
were .04, .50, .59, and .04, respectively. A test for
heterogeneity in the meta-analysis on magnesium
intake was nonsignificant after exclusion of the 2 Ath-
erosclerosis Risk in Communities study cohorts23 for
which RRs were reported comparing quartiles (com-
bined RR after exclusion, 0.76; 95% CI, 0.70-0.82; P for
heterogeneity=.08). A test for heterogeneity was bor-
derline significant for cereal fiber after exclusion of the
study by Montonen et al,17 for which RRs were reported
comparing quartiles (combined RR after exclusion,
0.68; 95% CI, 0.62-0.73; P for heterogeneity = .05).
Exclusion of the study contributing the largest number

of cases to the meta-analysis on cereal fiber15 did not
appreciably change the result (combined RR after
exclusion, 0.72; 95% CI, 0.65-0.79); however, a test for
heterogeneity was no longer significant (P=.14).

COMMENT

We found that higher cereal fiber intake was associated
with a reduced risk of type 2 diabetes mellitus indepen-
dent of age, sex, and lifestyle risk factors. Intake of fruit
or vegetable fiber and magnesium were not significantly
associated with diabetes risk. Meta-analyses of cohort stud-
ies showed an inverse association for cereal fiber and mag-
nesium, but no beneficial effect of other fiber sources.

It has been suggested that the benefits of increased fi-
ber intake result principally from the greater consump-
tion of soluble forms.6 Consumption of soluble fiber has

Table 4. Cohort Studies of Fiber and Magnesium Intake and Risk for Type 2 Diabetes Mellitus (cont)

Source,
Study, Country Sex

Age at
Baseline, y

No. of
Participants

Follow-up,
Mean, y

No. of
Cases

Case
Ascertainment Exposures

Exposure
Categories Adjustment

Lopez-Ridaura et al,24

2004, Health
Professionals
Follow-up Study,
United States

M 40-75 42 872 12 1333 Self-reported
diagnosis

Magnesium Quintiles Age; BMI; alcohol intake;
smoking; physical activity;
family history of diabetes,
hypertension, and
hypercholesterolemia;
glycemic load; intakes of
cereal fiber, polyunsaturated
fats, trans fatty acids, and
processed meat

Lopez-Ridaura et al,24

2004, Nurses’
Health Study,
United States

F 34-59 85 060 18 4085 Self-reported
diagnosis

Magnesium Quintiles Age; BMI; alcohol intake;
smoking; physical activity;
family history of diabetes,
hypertension, and
hypercholesterolemia;
glycemic load; intakes of
cereal fiber, PUFA, trans
fatty acids, and processed
meat

Schulze et al,18 2004,
Nurses’ Health
Study II,
United States

F 26-46 91 249 8 741 Self-reported
diagnosis

Cereal fiber,
fruit fiber,
vegetable
fiber

Quintiles Age, BMI, alcohol intake,
energy intake, physical
activity, history of high
blood pressure, history of
high blood cholesterol, OC
use, HT, family history of
diabetes, glycemic load,
caffeine intake, magnesium
intake

Song et al,25 2004,
Women’s Health
Study,
United States

F �45 39 345 6 918 Self-reported
diagnosis

Magnesium Quintiles Age, physical activity, family
history of diabetes,
smoking, alcohol intake,
energy intake, BMI

Present study,
EPIC-Potsdam
Study, Germany

M/F 35-65 25 067 7 844 Self-reported
diagnosis or
treatment,
confirmed by
treating
physician

Cereal fiber,
fruit fiber,
vegetable
fiber,
magnesium

Quintiles Age, sex, education, sports
activity, cycling,
occupational activity,
smoking, alcohol
consumption, BMI, waist
circumference, total energy
intake, carbohydrate intake,
PUFA-SFA ratio, MUFA-SFA
ratio

Abbreviations: ARIC, Atherosclerosis Risk in Communities; BMI, body mass index (calculated as weight in kilograms divided by height in meters squared);
EPIC, European Prospective Investigation Into Cancer and Nutrition; HT, hormone therapy; MUFA, monounsaturated fatty acid; OC, oral contraceptive;
PUFA, polyunsaturated fatty acid; SFA, saturated fatty acid; WHR, waist-hip ratio.
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effects on gastric emptying and macronutrient absorp-
tion and reduces postprandial glucose responses.7-9 This
contradicts the observation from previous prospective
studies that insoluble fiber, but not soluble fiber, is in-

versely related to diabetes risk.14,17 In our study, there was
no major difference between both fiber forms in terms
of RRs for quintiles, although the intake of soluble fiber
was substantially lower than that of insoluble fiber, simi-

Source Highest RR (95% CI)
Lowest

(Referent)

A Favors
High Cereal
Fiber Intake

Favors
Low Cereal
Fiber Intake

101.00.1 0.2

RR (95% CI)

10.2 0.70 (0.51-0.96)2.5Salmerón et al,13 1997
9.4 0.64 (0.53-0.79)2.7Meyer et al,14 2000
NA 0.59 (0.52-0.68)NAHu et al,15 2001
9.4 0.75 (0.60-0.92)5.2Stevens et al,16 2002 (White)
9.4 0.86 (0.65-1.15)5.2Stevens et al,16 2002 (Black)

30.5 0.39 (0.20-0.77)9.2Montonen et al,17 2003
18.4 1.08 (0.73-1.59)4.8Hodge et al,21 2004
8.8 0.63 (0.47-0.85)3.1Schulze et al,18 2004

16.6 0.72 (0.56-0.93)6.6Present Study

0.67 (0.62-0.72)Total

0.5 2 5

Median Intake, g/d

Source Highest RR (95% CI)
Lowest

(Referent)

B Favors
High Fruit

Fiber Intake

Favors
Low Fruit
Fiber Intake

101.00.1 0.2

RR (95% CI)

8.3 1.01 (0.76-1.36)1.2Salmerón et al,13 1997
7.5

11.7
0.87 (0.70-1.08)2.0

4.7
Salmerón et al,12 1997

1.17 (0.96-1.42)Meyer et al,14 2000
11.1 1.00 (0.81-1.24)3.8Stevens et al,16 2002 (White)
11.1 0.93 (0.69-1.26)3.8Stevens et al,16 2002 (Black)
4.6 0.92 (0.40-2.13)0.5Montonen et al,17 2003

14.5 0.85 (0.59-1.21)2.1Hodge et al,21 2004
6.2 0.82 (0.63-1.06)1.1Schulze et al,18 2004
4.7 0.89 (0.70-1.13)0.2Present Study

0.96 (0.88-1.04)Total

0.5 2 5

Median Intake, g/d

Source Highest RR (95% CI)
Lowest

(Referent)

C Favors
High Vegetable

Fiber Intake

Favors
Low Vegetable
Fiber Intake

101.00.1 0.2

RR (95% CI)

11.3 1.12 (0.84-1.49)3.5Salmerón et al,13 1997
9.6

11.7
1.17 (0.93-1.46)3.4

4.7
Salmerón et al,12 1997

0.97 (0.80-0.18)Meyer et al,14 2000
8.2 1.19 (0.46-3.04)2.9Montonen et al,17 2003
8.8 0.81 (0.57-1.46)2.0Hodge et al,21 2004

10.4 1.12 (0.87-1.44)3.4Schulze et al,18 2004
3.4 0.93 (0.74-1.17)0.7Present Study

1.04 (0.94-1.15)Total

0.5 2 5

Median Intake, g/d

Source Highest RR (95% CI)
Lowest

(Referent)

D Favors High
Magnesium

Intake

Favors Low
Magnesium
Intake

101.00.1 0.2

RR (95% CI)

361 1.08 (0.78-1.49)154Kao et al,23 1999 (White)
361
362

0.98 (0.57-1.72)154
220

Kao et al,23 1999 (Black)
0.67 (0.55-0.82)Meyer et al,14 2000

773 0.55 (0.32-0.97)230Hodge et al,21 2004
457 0.72 (0.58-0.89)270Lopez-Ridaura et al,24 2004 (M)
374 0.73 (0.65-0.82)222Lopez-Ridaura et al,24 2004 (F)
399 0.88 (0.71-1.12)252Song et al,25 2004
377 0.99 (0.78-1.26)268Present Study

0.77 (0.72-0.84)Total

0.5 2 5

Median Intake, g/d

Figure. Relative risks (RRs) for the association between cereal fiber (A), fruit fiber (B), vegetable fiber (C), and magnesium (D) consumption and risk of type 2
diabetes mellitus for individual cohort studies and all cohort studies combined. CI indicates confidence interval; NA, not available. In a 1997 publication (Salmerón
et al12) from the cohort studied by Hu et al,15 the median intake of energy-adjusted cereal fiber intake was 7.5 g/d in the highest and 2.0 g/d in the lowest quintile.
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lar to earlier studies.14,17 A possible explanation is there-
fore that the quantity of soluble fiber consumed in an av-
erage diet is insufficient to have a distinguishable effect
on glycemic control.37 The mechanisms by which in-
soluble fiber may lead to a reduced diabetes risk are largely
unknown.37,38 A potential mechanism relates to the pro-
duction of short-chain fatty acids in the colon and their
effect on hepatic insulin sensitivity.10,11 Eating insoluble
fiber–enriched white bread for 3 days significantly im-
proved whole-body insulin sensitivity in overweight and
obese women compared with regular white bread.39 How-
ever, studies on wheat bran–rich insoluble fiber among
patients with type 2 diabetes or impaired glucose toler-
ance are conflicting.40-42

Ourmeta-analysis showedstrongevidence thathighce-
real fiber intake reduces the risk of developing type 2 dia-
betes.Whole-grainandbranproducts fromwheatandcorn
are themajor sourceof cereal fiber inUScohorts43 and typi-
cally contain insoluble fiber. In our cohort, as well as in a
Finnish cohort,17 rye bread plays an important role in ce-
real fiber consumption with a higher proportion of soluble
fiber.Ryebreadhasalsobeenshowntoresult inalowerpost-
prandial insulin response compared with wheat bread in-
dependentof its fibercontent.44 Cereal fiberwashighlycor-
relatedwithwhole-grainbreadintakeinEPIC-Potsdam,and
it is likely thatcereal fiber is amarker forwhole-grain foods,
whichhavealsobeenshowntorelate toa lowerdiabetesrisk
inprospective studies.14,17,19,20 Components inwholegrains
that may be protective in addition to fiber include resistant
starch,oligosaccharides,tracemineralslikemagnesium,phe-
nolic compounds, and phytoestrogens.45,46 Although this
might explain in part the beneficial effect, cereal fiber was
associatedwithdiabetes risk independentofmagnesiumin
EPIC-Potsdam and a previous cohort.18 Hypomagnesemia
has been associated with a reduction of tyrosine kinase ac-
tivity at the insulin receptor level, which may result in the
impairmentof insulinactionanddevelopmentof insulinre-
sistance22 and is a common feature of patients with type 2
diabetes.47 Our meta-analysis showed a significant inverse
association between magnesium intake and risk of type 2
diabetes. Still, magnesium intake was not related to diabe-
tesriskinEPIC-Potsdam,andtherewassuggestionofhetero-
geneity across studies.

All potential cases in our study were verified through
the treating physician. However, we considered only clini-
cally apparent type 2 diabetes and did not screen our study
population for diabetes at baseline; thus, it is possible that
prevalent but undiagnosed cases of diabetes remained in
our analyses. The glycemic index, a measure of carbo-
hydrate quality in terms of quantified glucose response
to foods, is not available in the German Food Code and
Nutrient Data Base version II.3, and we were not able to
address whether the association between fiber and mag-
nesium intake and diabetes risk is independent or may
be modified by the glycemic index. The potential of re-
sidual confounding applies similarly to our study and the
cohort studies included in our meta-analysis. Thus, it is
possible that other factors may explain the inverse asso-
ciations between cereal fiber and magnesium intake and
diabetes risk or that they may mask a potential associa-
tion with fruit or vegetable fiber. It is possible that par-
ticipants in our study changed their dietary intake after

the baseline measurement. The lack of repeated mea-
surement of diet may have led to an underestimation of
association.48

With the exception of the study by Montonen et al,17

all studies included in our meta-analyses estimated di-
etary intake on the basis of semiquantitative food-
frequency questionnaires. Food-frequency question-
naires work well in ranking individuals with regard to
their intake, but they are not suitable tools for quantify-
ing dietary intake in absolute terms.49 In addition, the in-
take of fiber and magnesium has been energy-adjusted
by the residuals method30 in our study and several other
cohort studies12-16,18,25 which results in an underestima-
tion of variance of intake. This, in addition to differ-
ences in questionnaire design, limits the comparability
of questionnaire data across studies and their interpre-
tation in quantitative terms. This also hampers the ap-
plication of meta-analysis techniques more suitable for
studies that report separate RRs for several risk classes.50-52

Healthier eating was encouraged in all previous ran-
domized prevention studies,53-56 but the frequent con-
sumption of whole-grain foods was specifically men-
tioned only in the Finnish diabetes prevention study.54

Owing to changes in several components of the diet, ac-
tivity patterns, and a targeted weight reduction, it is not
possible to determine to what extent the increased in-
take of whole-grain foods might have contributed to the
reduced risk of diabetes observed in these studies. For
example, in the Finnish diabetes prevention study, about
twice the number in the intervention group (25%) com-
pared with the control group (12%) met the goal of fi-
ber intake (�15 g/1000 kcal), although the proportion
was considerably lower compared with weight reduc-
tion (43% vs 13%), fat intake (47% vs 26%), and exer-
cise (86% vs 71%).54 Increased fiber intake was not sig-
nificantly associated with diabetes risk in this study
independent of reductions in total fat intake.57 At present,
scientific evidence therefore relies largely on prospec-
tive observational studies. This evidence should be sup-
ported by studies clarifying the mechanisms by which ce-
real fiber may be linked to reduced diabetes risk.

In conclusion, the evidence from our study and pre-
vious studies, summarized by means of meta-analysis,
strongly supports that higher cereal fiber and magne-
sium intake may decrease diabetes risk. Whole-grain foods
are therefore important in diabetes prevention.
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Correction

Error in Table Footnote. In the Original Investigation
by Bang et al titled “SCreening for Occult REnal Dis-
ease (SCORED): A Simple Prediction Model for Chronic
Kidney Disease,” published in the February 26 issue of
the ARCHIVES (2007;167:374-381), there was an error in
the double dagger footnote to Table 3. An intercept term
was missing in the original formula. Therefore, the first
sentence of that footnote should have read as follows:
“Probability (CKD) = 1/[1 � exp(−�� � x)], where
���x=−5.4�1.55� I(age of 50-59 years)�2.31� I
(age of 60-69 years)�3.23�I(age�70 years)�0.29�I
(female)�0.93� I(anemia)�0.45� I(hypertension)
�0.44� I(DM)�0.59� I(history of CVD)�0.45� I
(history of CHF)�0.74�I(PVD)�0.83�I(proteinuria),
where I(a) is an indicator taking 1 for event a and 0 oth-
erwise.” We regret the error.
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