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D ata on dietary intake characterized
by high glycemic index and glyce-
mic load and development of type 2

diabetes have been inconsistent. A total of
four studies have shown positive associa-
tions (1–4). One study showed consistent
associations for both glycemic index and
glycemic load (1), while in the other
three, only glycemic index was predictive
of diabetes (2–4). In contrast, the Athero-
sclerosis Risk in Communities (5) and
Iowa Women’s Health Study (6) showed
no association between glycemic index
and glycemic load with incidence of type
2 diabetes. Furthermore, studies focusing
on precursors for diabetes are equally in-
consistent, the majority not supporting a
role of glycemic index in insulin resis-
tance (7–9).

The aim of our study was to evaluate
the impact of dietary glycemic index and
glycemic load on risk of type 2 diabetes in
the multiethnic Insulin Resistance Ath-
erosclerosis Study (IRAS). Given our pre-
vious findings on abdominal adiposity
predicting insulin sensitivity (10), which
are key risk factors for the development of
diabetes (11,12), we specifically focused
on the role of glycemic index and glyce-
mic load relative to abdominal obesity
and waist change.

RESEARCH DESIGN AND
METHODS — Details of the IRAS
study design have been published (13).

More than 1,600 participants were re-
cruited at four clinical centers between
1992 and 1994, aiming for equal repre-
sentation across glucose tolerance status
(normal, impaired glucose tolerance, and
non–insulin-taking type 2 diabetes), eth-
nicity (African American, Hispanic, and
non-Hispanic white), sex, and age (40–
49, 50–59, and 60–69 years). The cohort
was followed-up 5 years later.

At baseline, habitual dietary intake
was assessed by using a 1-year, semiquan-
titative, 114-item food frequency inter-
view (14). Details of the glycemic index
and glycemic load estimation procedures
in our study have been published (15).
Glycemic index was assigned from pub-
lished data (16) and other available
resources (T. Wolever, personal commu-
nication) using the glucose � 100 scale
(17,18) to food frequency questionnaire
line items. Anthropometric measures
were taken in a standardized manner ac-
cording to the IRAS protocol.

At 5-year follow-up, individuals who
met World Health Organization criteria
for diabetes on their follow-up oral glu-
cose tolerance test or who were taking hy-
poglycemic medication not previously
reported at baseline were considered in-
cident type 2 diabetic patients.

We included 892 participants who
were free from type 2 diabetes at baseline,
who returned for the follow-up examina-

tion, and had no missing data relevant to
this analysis.

Multiple logistic regression analysis
was used to assess the relationship be-
tween glycemic index and glycemic load
and risk of type 2 diabetes. Parameter es-
timates and corresponding P values were
computed for continuous variables and
odds ratios (ORs) and 95% CIs for glyce-
mic index/glycemic load tertiles. The mod-
els were stratified by abdominal obesity
(19) (waist �102 cm [men] or �88 cm
[women]) at baseline and change in waist
(�2 cm, no change; �2 cm, decrease; and
�2 cm � increase) during follow-up.

RESULTS — At follow-up, 146 inci-
dent cases of type 2 diabetes were identi-
fied. Case subjects with diabetes were
slightly older and had a higher BMI com-
pared with nondiabetic case subjects. The
average glycemic index and glycemic load
of diabetic case subjects were 59.5 and
127.9, respectively, being similar to the
values of nondiabetic case subjects (58.6
and 121.8, respectively). In multivariate
regression models, glycemic index and
glycemic load were not associated with
risk of type 2 diabetes (glycemic index:
� � 0.0234, P � 0.2; glycemic load: � �
�0.0018, P � 0.6)

Results of the evaluation of the asso-
ciation between baseline glycemic index
and glycemic load and risk of type 2 dia-
betes by abdominal obesity and waist
change are shown in the table. Stratifica-
tion by abdominal obesity status at base-
line revealed a positive association
between dietary glycemic index and risk
of type 2 diabetes among nonabdominally
obese subjects, whereas no association
was detected among those with abdomi-
nal obesity. Furthermore, stratification by
5-year waist change demonstrated a pos-
itive association between glycemic index
and diabetes risk among those who expe-
rienced an increase in waist size. This as-
sociation was even stronger among
nonabdominally obese subjects: diabetes
risk was elevated by 12% (OR 1.12 [95%
CI 1.03–1.21]) for a 1-unit increase in
glycemic index among persons with waist
increase and no abdominal obesity.

With regard to dietary glycemic load,
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stratification by abdominal obesity or
waist change did not reveal any associa-
tion with type 2 diabetes as did the asso-
ciat ion with intake of digest ible
carbohydrates (total carbohydrates minus
fiber).

CONCLUSIONS — Previous work in
IRAS (10) demonstrating a significant as-
sociation between waist circumference
and change in insulin sensitivity (Si) con-
fined to nonobese individuals (BMI � 30
kg/m2) prompted us to evaluate whether
waist circumference may modify the asso-
ciation of behavioral factors, such as di-
etary glycemic index and glycemic load,
on the risk of type 2 diabetes. To the best
of our knowledge, our study is the first to
reveal an association between glycemic
index (but not glycemic load) and type 2
diabetes, which was modified by waist
circumference, i.e., dietary glycemic in-
dex increased the risk of type 2 diabetes
among nonabdominally obese subjects
and among subjects experiencing in-
creases in waist circumference. The pre-
vious positive studies (1–4) controlled
their analyses for BMI and waist-to-hip
ratio, which impacted the risk estimates
in only one study; there, a significant as-
sociation between glycemic index and di-
abetes risk was confined to obese subjects
(4).

It needs to be mentioned that the

IRAS study population differs from other
study populations in terms of prevalence
of overall and abdominal obesity. Given
the sampling design of IRAS (13) (1/3 of
the population having impaired glucose
tolerance), our cohort is much more over-
weight (mean BMI 28.4 kg/m2) than the
U.S.-American cohorts (1,2) and has a
higher mean waist-to-hip ratio (0.86)
than the Melbourne Collaborative cohort
(0.83) (4). This may have impacted the
chance of detecting an association modi-
fied by abdominal obesity and change in
waist.

The major limitation of the present
study is its small sample size and number
of incident cases. This may, at least in
part, explain our nonsignificant risk esti-
mates and the fact that formal tests of in-
teraction failed to reject homogeneity of
risk across strata of the modifying vari-
ables. However, the trend analysis
indicated a monotonically increasing rela-
tionship between glycemic index and di-
abetes risk, albeit nonsignificant.

In conclusion, the data of the present
study suggest effect modification of the
glycemic index–diabetes association by
waist circumference, in that a high–
glycemic index diet predicts type 2 diabe-
tes risks among nonabdominally obese
individuals and individuals with in-
creases in waist but not among abdomi-
nally obese individuals. This needs to be

confirmed in large-scale prospective stud-
ies. No association was apparent for di-
etary glycemic load or carbohydrate
intake.
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