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Ithough the evidence for a protec-

tive effect of high total dietary fiber

intakes on diabetes appears to be
strong (1), the role of food sources of di-
etary fiber in the etiology of impaired glu-
cose disturbances is poorly understood
(2). Epidemiological studies suggest that
high intakes of whole grain foods (3,4)
and vegetables (5-7) may prevent diabe-
tes. On the other hand, the impact of con-
sumption of fruits and fruit juices (5,6,8),
legumes (5,9), and refined grains (3,10)
has been investigated in a few controver-
sial investigations.

Here, we evaluated the relationship
between fiber-related dietary factors and
the risk of impaired fasting glucose (IFG)
and impaired glucose tolerance (IGT)
among Japanese Brazilians.

RESEARCH DESIGN AND
METHODS — [n 2000, Japanese
Brazilians >30 years of age living in
Bauru, Sdao Paulo State, Brazil (n =
1,751), were invited to participate. Cross-
sectional data from 1,283 first- and sec-
ond-generation subjects were available
(73.3%) (11). For the present analysis,
subjects with self-reported impaired glu-
cose disturbances (IFG, IGT, or diabetes;
n = 220) and newly diagnosed diabetes
(n = 276) whose treatment could inter-
fere in food habits were excluded.
Smoking status, drinking habits, and
physical activity were assessed using a
structured questionnaire. Height, weight,
and waist circumference were measured

using standardized approaches (11). Cen-
tral obesity was defined as a waist circum-
ference =0.90 m for men and =0.80 m
for women (12). The last two of three
measures of blood pressures using an au-
tomatic device were considered; hyper-
tension was defined according to the
World Health Organization (13).

Food consumption was assessed us-
ing a validated food frequency question-
naire (11,14). Dietary exposures included
intakes of total fiber, refined-grain foods
(rice, bread, and pasta), legumes (beans,
lentils, and peas), total fruits and fruit
juices, and vegetables.

Serum cholesterol and triacylglycerol
levels were measured enzimatically to de-
fine dyslipidemia (15). A standard 75-g
oral glucose tolerance test was given ac-
cording to World Health Organization
criteria for glucose tolerance status (16),
considering isolated IGT or IGT+IFG as
two different categories.

All dietary variables were log trans-
formed, and energy-adjusted values were
calculated by the residual method. Sepa-
rate logistic regression models were used
to calculate the odds ratio (OR) for three
outcomes (IFG, isolated IGT, and
IGT+IFG) with individuals in the lowest
tertile category of total dietary fiber and
food groups as the referent category. OR
were adjusted for sex, age, generation,
central obesity, smoking, schooling, hy-
pertension or dyslipidemia, physical ac-
tivity, total energy intake, energy-
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adjusted tertile intakes of total dietary
fiber, and cholesterol.

RESULTS — The mean age of the 787
study participants (55% female) was 55
(12) years. The OR for three glucose tol-
erance outcomes, according to energy-
adjusted tertile intakes of total dietary
fiber and fiber-contributing foods, are
shown in Table 1. Subjects in the highest
tertile for total dietary fiber had an in-
crease of 70% in the risk of IFG when
compared with subjects in the lowest ter-
tile. However, no association was found
between total dietary fiber intake and iso-
lated IGT or IGT+IFG. The relation be-
tween total dietary fiber and risk of IFG
was no longer significant (OR 1.31 [95%
C1 0.76-2.26)) after further adjustments
for tertile intakes of refined grains, le-
gumes, and fruits/juices. There was a
dose-response relationship between IFG,
isolated IGT, or IGT+1IFG and increasing
total intakes of refined grains together
with fruits/juices.

CONCLUSIONS — To our knowl-
edge, this is the first observational study
to examine associations between dietary
sources of fiber and prevalence of IFG,
isolated IGT, and IGT with IFG. Previous
evidences support that the degree of insu-
lin resistance may alter the effect of car-
bohydrate-containing food on blood
glucose (17). Given that Japanese Brazil-
ians are at increased risk for impaired glu-
cose disturbances and the limitations
inherent to the cross-sectional nature of
our data precluding the associations as
causal ones, the extrapolation of our find-
ings must be carefully considered.

Our findings are consistent with
those of the Melbourne Collaborative Co-
hort Study (10), in which the highest in-
take of white bread was associated with a
37% increase in the risk of diabetes; how-
ever, neither total dietary fiber nor fiber
from different sources was associated
with diabetes. In the Framingham Off-
spring Cohort Study (3), fiber from cere-
als, mostly whole grain, was inversely
related to metabolic syndrome and ho-
meostasis model assessment insulin resis-
tance, whereas total dietary fiber and fiber
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Table 1—OR (95% CD) of IGT across tertiles of carbohydrate-related dietary factors

Median intake (g/day)

Glucose tolerance status*

IFG IGT + IFG Isolated IGT
n 239 189 92
Total fiber
Tertile 1 11.8 1.00 1.00 1.00
Tertile 2 15.5 1.71 (1.09-2.69) 1.19 (0.71-1.98) 1.10 (0.57-2.12)
Tertile 3 22.6 1.70 (1.06-2.74) 1.49 (0.88-2.51) 1.51 (0.80-2.85)
P for trend 0.024 0.13 0.17
Fruits and fruit juices
Tertile 1 131.5 1.00 1.00 1.00
Tertile 2 306.3 0.87 (0.53-1.41) 0.83 (0.46-1.49) 1.36 (0.67-2.72)
Tertile 3 576.2 1.02 (0.56-1.86) 1.29 (0.66-2.54) 1.41 (0.59-3.32)
P for trend 0.96 0.41 0.51
Vegetables
Tertile 1 115.6 1.00 1.00 1.00
Tertile 2 180.1 0.95 (0.59-1.51) 0.77 (0.45-1.33) 0.40 (0.19-0.80)
Tertile 3 260.0 1.28 (0.79-2.08) 1.28 (0.74-2.24) 1.33 (0.70-2.54)
P for trend 0.34 0.33 0.27
Refined grains
Tertile 1 2654 1.00 1.00 1.00
Tertile 2 474.5 1.24 (0.78-1.96) 0.91 (0.54-1.53) 1.22 (0.64-2.30)
Tertile 3 551.3 1.52 (0.94-2.46) 1.32 (0.78-2.23) 1.72 (0.86-3.42)
P for trend 0.07 0.29 0.15
Legumes
Tertile 1 2.0 1.00 1.00 1.00
Tertile 2 7.1 1.38 (0.86-2.22) 1.18 (0.69-1.98) 2.68 (1.35-5.32)
Tertile 3 17.6 1.29 (0.82-2.06) 1.14 (0.68-1.91) 1.80 (0.87-3.73)
P for trend 0.27 0.63 0.16
Refined grains and legumes
Tertile 1 272 1.00 1.00 1.00
Tertile 2 478 1.24 (0.78-1.96) 0.98 (0.58- 1.64) 1.31 (0.69-2.49)
Tertile 3 568 1.44 (0.89-2.34) 1.35(0.79-2.29) 1.73 (0.87-3.45)
P for trend 0.12 0.25 0.11
Refined grains and fruits
Tertile 1 571 1.00 1.00 1.00
Tertile 2 723 1.23 (0.77-1.94) 1.38 (0.81-2.37) 1.48 (0.75-2.92)
Tertile 3 1,065 1.99 (1.11-3.57) 2.53 (1.34-4.79) 2.39 (1.08-5.29)
P for trend 0.031 0.005 0.04

Data are OR (95% CI), unless otherwise indicated. *Tertile categories are based on energy-adjusted values using the residual method. Normal subjects according to
glucose tolerance status = 267. Logistic regression models adjusted by sex, age (years), generation (first/second), central obesity (yes/no), smoking (never,
past/current), education (< 1, 1-8, or =8 years of school), hypertension or dyslipidemia (yes/no), practice of leisure time physical activity (yes/no), total energy

intake, dietary cholesterol, and fiber (for foods).

from fruits, vegetables, and legumes were
not associated, emphasizing the distinct
roles of quantity and quality of dietary fi-
ber on insulin action and degree of insulin
resistance.

Epidemiological evidence of the role
of refined grain on markers of glucose ho-
meostasis is unclear. Four large prospec-
tive studies in the U.S. and one in Finland
showed no significant relationship
between fiber from refined grains and di-
abetes incidence after multiple adjust-
ments (4,9,18). Conversely, taking into

account the ratio of refined to whole
grain intake, American women on the
highest quintile of refined grain con-
sumption had a 57% increase in diabetes
incidence (18).

Another relevant fiber-contributing
food in our study was the group of fruits
and fruit juices. The intake levels of fruits
and juices in our study population were
very high: the median intake of fruits in
the highest tertile of energy-adjusted di-
etary fiber was 500g/day (6.3 servings/
day). Although water-soluble fiber-

contributing foods have been related to
good metabolic control in diabetic indi-
viduals, fruits and fruit juices are also
fructose-rich foods, and evidence sug-
gests excessive fructose consumption can
play a deleterious role in glycemic control
among high-risk individuals prone to in-
sulin resistance syndrome (19).

In conclusion, our data suggest that
the quantity and quality of dietary fiber
play different roles on glucose metabo-
lism. Very high intakes of fruit and fruit
juices, white bread, and refined rice that
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are typical in Brazilian diets may increase
risk of impaired glucose disturbances
among Japanese Brazilians. The invest-
igation of the quantity of total dietary fiber
intake, not taking into account the food
sources, may fail to explain its association
with the development of impaired glu-
cose disturbance.
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APPENDIX

Members of the Japanese-Brazilian
Diabetes Study Group

Alcides Hirai, Amélia T. Hirai, Helena Ha-
rima, Magid Iunes (in memoriam), Mario
Kikuchi, Katsumi Osiro, Sandra R. G. Fer-
reira, Suely G. A. Gimeno (Department of
Preventive Medicine, Federal University
of Sao Paulo, Brazil); Katsunori Wakisaka
(Japanese-Brazilians Study Center, Bra-
zil); Laércio J. Franco (Department of So-
cial Medicine, Faculty of Medicine of
Ribeirdo Preto, University of Sao Paulo,
Brazil); Marly Augusto Cardoso (Depart-
ment of Nutrition, School of Public
Health, University of Sao Paulo, Brazil);
Nilce Tomita (Dental School of Bauru,
University of Sdo Paulo, Brazil); Newton
de Barros Jr. (Department of Surgery,
Federal University of Sdo Paulo, Brazil);
Regina C. S. Moisés, Luiza Matsumura
(Department of Internal Medicine, Fed-
eral University of Sao Paulo, Brazil); Rita
Chaim (Department of Nutrition, Univer-
sity of Sagrado Coracao de Jesus, Bauru,
Brazil); and Vania D’Almeida (Paediatrics
Department, Federal University of Sao
Paulo, Brazil).

References

1.

10.

World Health Organization and Food and
Agriculture Organization, Joint WHO/
FAO expert consultation: Diet, nutrition
and the prevention of chronic diseases. Ge-
neva, World Health Org./Food and Agri-
culture Org., 2003

. Venn BJ, Mann JI: Cereal grains, legumes

and diabetes. Eur | Clin Nutr 58:1443—
1461, 2004

. McKeown NM, Meigs JB, Liu S, Saltzman

E, Wilson PWF, Jacques PF: Carbohy-
drate nutrition, insulin resistance, and the
prevalence of the metabolic syndrome in
the Framingham Offspring Cohort. Dia-
betes Care 27:538-546, 2004

. Fung TT, Hu FB, Pereira MA, Liu S,

Stampfer MJ, Colditz GA, Willett WC:
Whole-grain intake and the risk of type-2
diabetes: a prospective study in men. Am J
Clin Nutr 76:535-540, 2002

. Liu S, Serdula M, Janket SJ, Cook NR,

Sesso HD, Willett WC, Manson J, Buring
JE: A prospective study of fruits and veg-
etable intake and the risk of type 2 diabe-
tes in women. Diabetes Care 27:2993—
2996, 2004

. Williams DEM, Wareham NJ, Cox BD,

Byrne CD, Hales N, Day N: Frequent salad
vegetables consumption is associated
with a reduction in the risk of diabetes
mellitus. | Clin Epidemiol 52:329-335,
1999

. Feskens EJM, Virtanen SM, Rosanen L,

Tuomilehto J, Stengard J, Pekkanen J,
Nissinen A, Kromhout D: Dietary factors
determining diabetes and impaired glu-
cose tolerance. Diabetes Care 18:1104—
1112, 1995

. Wu T, Giovannucci E, Pischom T,

Hankinson SE, Ma J, Rifai N, Rimm ER:
Fructose, glycemic load, and quantity and
quality of carbohydrate in relation to
plasma C-peptide concentrations in US
women. Am ] Clin Nutr 80:1043-1049,
2004

. Meyer KA, Kushi LH, Jacobs DR, Slavin J,

Sellers TA, Folsom AR: Carbohydrates,
dietary fiber, and incident type 2 diabetes
in older women. Am J Clin Nutr 71:921—
930, 2000

Hodge AM, English DR, O’Dea K, Graham
G: Glycemic index and dietary fiber and
the risk for type 2 diabetes. Diabetes Care

11.

12.

13.

14.

15.

16.

17.

18.

19.

27:2701-2706, 2004

Freire RD, Cardoso MA, Shinzato AR, Fer-
reira SR for The Japanese-Brazilian Diabe-
tes Study Group: Nutritional status of
Japanese-Brazilians: comparison across
gender and generation. Br | Nutr 89:705—
712,2003

World Health Organization, Stering Co-
mittee of the Western Pacific Region of the
WHO, the International Association for
the Study of Obesity, and the Interna-
tional Obesity Task Force: The Asia-Pacific
perspective: redefining obesity and its treat-
ment. Geneva, World Health Org.; 2000
World Health Organization: Hypertension
Control. Geneva, World Health Org,
1996 (Tech. Rep. Ser., no. 862)

Cardoso MA, Kida AA, Tomita LY, Stocco
PR: Reproducibility and validity of a food
frequency questionnaire among women
of Japanese ancestry living in Brazil. Nutr
Res 21:725-733, 2001

Expert Panel on Detection, Evaluation
and Treatment of High Blood Cholesterol
in Adults (Adult Treatment Panel I11): Ex-
ecutive summary of the Third Report of
the National Cholesterol Education Pro-
gram (NCEP) Expert Panel on Detection,
Evaluation and Treatment of High Blood
Cholesterol in Adults (Adult Treatment
Panel I11). JAMA 285:2486-2497, 2001
Alberti KGMM, Zimmet PZ for the WHO
Consulation: Definition, Diagnosis and
Classification of Diabetes Mellitus and its
Complications. Part 1: Diagnosis and
Classification of Diabetes Mellitus: Provi-
sional Report of a WHO Consultation.
Diabet Med 15:539-553, 1998

Sheard NF, Clark NG, Brand-Miller JC,
Franz MJ, Pi-Sunyer FX, Mayer-Davis E,
Kulkarni K, Geil P: Dietary carbohydrate
(amount and type) in the prevention and
management of diabetes: a statement by
the American Diabetes Association (Re-
view). Diabetes Care 27:2266-2271, 2004
Liu S, Manson JE, Stampfer MJ, Hu F,
Giovannucci E, Colditz GA, Hennekens
CH, Willett WC: A prospective study of
whole-grain intake and risk of diabetes
mellitus in US women. Am J Public Health
90:1409-1415, 2000

Uusitupa MIJ: Fructose in the diabetic
diet. Am J Clin Nutr 59 (Suppl.):7535~
757S, 1994

2242

DiaBETES CARE, VOLUME 28, NUMBER 9, SEPTEMBER 2005



