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Insulinemic and Inflammatory
Dietary Patterns Show Enhanced
Predictive Potential for Type 2
Diabetes Risk in Postmenopausal
Women
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OBJECTIVE

The empirical dietary index for hyperinsulinemia (EDIH) and empirical dietary
inflammatory pattern (EDIP) scores assess the insulinemic and inflammatory
potentials of habitual dietary patterns, irrespective of the macronutrient content,
and are based on plasma insulin response or inflammatory biomarkers, respec-
tively. The glycemic index (Gl) and glycemic load (GL) assess postprandial glycemic
potential based on dietary carbohydrate content. We tested the hypothesis that
dietary patterns promoting hyperinsulinemia, chronic inflammation, or hypergly-
cemia may influence type 2 diabetes risk.

RESEARCH DESIGN AND METHODS

We calculated dietary scores from baseline (1993-1998) food frequency ques-
tionnaires among 73,495 postmenopausal women in the Women’s Health Initiative,
followed through March 2019. We used multivariable-adjusted Cox regression to
estimate hazard ratios (HRs) and 95% Cls for type 2 diabetes risk. We also estimated
multivariable-adjusted absolute risk of type 2 diabetes.

RESULTS

During a median 13.3 years of follow-up, 11,009 incident cases of type 2 diabetes
were diagnosed. Participants consuming the most hyperinsulinemic or proinflam-
matory dietary patterns experienced greater risk of type 2 diabetes; HRs (95% Cl)
comparing highest to lowest dietary index quintiles were EDIH 1.49 (1.32-1.68;
Pirena < 0.0001) and EDIP 1.45 (1.29-1.63; Pyeng < 0.0001). The absolute excess
incidence for the same comparison was 220 (EDIH) and 271 (EDIP) cases per 100,000
person-years. Gl and GL were not associated with type 2 diabetes risk: G1 0.99 (0.88—
1.12; Pyreng = 0.46) and GL 1.01 (0.89-1.16; Pyreng = 0.30).

CONCLUSIONS

Our findings in this diverse cohort of postmenopausal women suggest that lowering
the insulinemic and inflammatory potentials of the diet may be more effective in
preventing type 2 diabetes than focusing on glycemic foods.
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708 Predictive Dietary Patterns in Type 2 Diabetes

Inthe U.S., ~32.5 million people live with
diabetes, and ~95% of them have type 2
diabetes (1). Prospective cohort studies
suggest that adherence to a healthful
dietary pattern and lifestyle is associated
with lower type 2 diabetes risk (2,3).
However, other than raising glucose lev-
els, which could increase 3-cell inflam-
mation, and oxidative and endoplasmic
reticulum stress (4), it is unclear what
specific biological mechanisms may be
linking dietary factors to type 2 diabe-
tes risk. Though the potential of diet
to contribute to glycemia may have
important implications for health (5),
dietary glycemic potential, usually es-
timated with the glycemic index (Gl)
and glycemic load (GL) (6), has not been
clearly associated with subsequent type
2 diabetes risk (7-9). Meta-analyses
have reported mixed findings regarding
Gl or GL scores and relative type 2 dia-
betes risk (7-9). Also, most previous
studies did not estimate the absolute
risk of type 2 diabetes, making it difficult
to assess the clinical utility of published
relative risks.

Type 2 diabetes is characterized by
hyperglycemia due to impaired insulin
secretion and function and systemic in-
flammation (10). Although dietary car-
bohydrate load is important in insulin
response, noncarbohydrate factors in-
cluding protein and lipid food sources
and quantity may also stimulate insulin
secretion. A meta-analysis that included
28 randomized controlled trials found that
Gl and GL were not associated with circu-
lating inflammatory biomarkers (CRP, leptin,
interleukin-6, and tumor necrosis factor-o)
(11) and may therefore not be indicators of
dietary inflammatory potential. Our group
previously developed the empirical dietary
index for hyperinsulinemia (EDIH) score
(12,13) and empirical dietary inflamma-
tory pattern (EDIP) score (12). Both scores
comprise food combinations that maxi-
mally predict concentrations of circulating
biomarkers: C-peptide for EDIH and in-
flammatory markers for EDIP (13,14).
These biomarkers have been implicated
in the pathogenesis of several chronic
diseases, including type 2 diabetes (15-18).
Both scores have been extensively applied
in previous studies, with robust results on
health outcomes (17,18).

The current study used EDIH, EDIP, GI,
and GL scores to estimate the insulinemic,
inflammatory, and glycemic potentials of
the diet, respectively, and compared their

associations with type 2 diabetes risk in a
large and diverse cohort of postmeno-
pausal women. The effect of diet on type 2
diabetes risk can be mediated through
adiposity, while diet and adiposity may
interact to influence type 2 diabetes risk
(19). Also, the inflammatory potential of
diet differs by race/ethnicity as dietary
preferences differ by culture and race (14).
Therefore, we further evaluated potential
differences in the associations of diet
scores with type 2 diabetes risk by BMI
(in kilograms per meter squared) and
race/ethnicity.

RESEARCH DESIGN AND METHODS

Study Population

Atotal of 161,808 postmenopausal women
aged 50-79 years at baseline (1993-1995)
enrolled in the Women'’s Health Initiative
(WHI) (20) in 40 clinical centers across the
U.S. Participants enrolled into either an
observational study (n = 93,676) or one or
more of four overlapping clinical trials (n =
68,132). We sequentially excluded women
with type 2 diabetes at baseline (n =
9,619); implausible energy intake (<600
kcal/day and >5,000 kcal/day; n = 4,250);
extreme BMI (<15 or >50 kg/m% n =
6,055); cardiovascular disease or prevalent
cancer (except nonmelanoma skin cancer)
at baseline (n = 31,589), as diet may
change after disease diagnosis; no type 2
diabetesstatus (n = 322); and participants
in the Dietary Modification Trial (n =
36,478), as it excluded women who con-
sumed low-fat diets (<32% of energy
from fat) and intervention group partic-
ipants were actively changing their diets.
Our final analytic sample included 73,495
women and had comparable demographic
and dietary intake distributions with the
excluded participants (Supplementary
Table 1) and with the entire WHI cohort
(Supplementary Table 2). The WHI pro-
tocol was approved by the institutional
review boards at the Clinical Coordinating
Center at the Fred Hutchinson Cancer
Research Center and at each clinical
center.

Dietary Assessment and Calculation of
Dietary Indices

Dietary indices were calculated using base-
line dietary data, which were assessed using
a self-administered semiquantitative food
frequency questionnaire (FFQ) represent-
ing habitual dietary intake in the preceding
3 months (21). Nutrient intake from the FFQ
was derived by linking to the University of
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Minnesota Nutrition Coordinating Center
food and nutrient database (22). The WHI
FFQ was evaluated for validity by comparing
with four 24-h dietary recalls and 4-day food
records (21). The development and valida-
tion of the EDIP and EDIH scores have been
described, and their food components are
presented in Supplementary Tables 3 and
4 (12,23). Briefly, the EDIH and EDIP are
weighted sums of their respective compo-
nent food groups and beverages. A Gl score
represents the percent incremental area
under the 2-h postprandial glucose re-
sponse curve for consumption of a given
carbohydrate-containing food relative
to a reference food (glucose or white
bread) with equal amount of carbohy-
drates (24). The GL of each food is the
product of the food’s Gl and the amount
of carbohydrate in that food, summed
across all foods for each individual (25).
EDIH and EDIP scores were calculated
using baseline FFQ data, and Gl and GL
scores were precomputed using baseline
FFQs as part of the WHI dietary database.
Higher scores on all indices indicate more
hyperinsulinemic, proinflammatory, or hy-
perglycemic dietary patterns, respectively.

Ascertainment of Type 2 Diabetes

At baseline, prevalent diabetes was as-
sessed through self-report when partic-
ipants were asked if a physician had ever
told them that they had “sugar diabetes
or high blood glucose” when they were
not pregnant. We excluded those with
prevalent diabetes at baseline. At each
contact (annually in the observational
study and semiannually in the clinical
trials), participants were asked, “Has a
doctor prescribed any of the following
pills/treatments?” and chose from “pills
for diabetes” or “insulin shots for diabe-
tes” (26). During the follow-up, partici-
pants were not asked about new-onset
diabetes treated with lifestyle measures
alone (26). New case subjects with type 2
diabetes were ascertained if participants
self-reported that they had received type
2 diabetes treatments, including pills, in-
sulin, and diabetes diet/exercise, and/or
been hospitalized for diabetes (26). Self-
reported prevalent and incident diabetes
were validated against medication records
(27).

Statistical Analysis

Dietary scores were adjusted for total
energy intake using the residual method
(28). We used Cox proportional hazards
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regression to estimate hazard ratios (HRs)
and associated 95% Cls of the associations
of each dietary index and risk of devel-
oping type 2 diabetes. The lowest index
quintiles served as reference. Participants
were followed from enrollment until type
2 diabetes diagnosis, death, loss to follow-
up, or end of study on 1 March 2019. We
calculated P values for linear trend across
index quintiles by entering the dietary
indices as continuous variables (1-SD
increment) into the models. Covariates
listed in Supplementary Table 5 were
included in the Cox models. For GL mod-
els, we further adjusted for total protein,
dietary fiber, and total fat.

In asubset analysisamong participants
with available data (n = 18,187), we
further adjusted models for blood glu-
cose. In additional analyses, we included
all four dietary indices in the same
multivariable-adjusted model to deter-
mine associations of each index indepen-
dent of the other dietary indices.

In subgroup analyses, we used the
likelihood ratio test to assess potential
effect modification by BMI (normal weight,
18.5-24.9 kg/m?; overweight, 25-29.9
kg/m?; and obese, 30-50 kg/m?); waist-
to-hip ratio (WHR; high, >85 cm, and low,
=85 cm), and race/ethnicity (African Amer-
ican, European American, Hispanic, and
other). We further investigated the joint
association of each dietary pattern and
BMI with type 2 diabetes risk.

We calculated multivariable-adjusted
incidence rates of type 2 diabetes in
quintiles of each dietary index and used
the residual method (28) to adjust the
dietary indices for the same covariates
that were adjusted in the corresponding
Cox regression models. We further esti-
mated the incidence rate associated with
each dietary pattern in BMI and race/
ethnicity categories.

Statistical analyses were conducted us-
ing SAS version 9.4 (SAS Institute, Cary,
NC), and two-sided P < 0.05 was consid-
ered statistically significant.

RESULTS

Participants in the highest quintiles of
EDIH or EDIP dietary patterns had higher
BMI, lower physical activity, and higher
proportions of African American and His-
panic women compared with those in the
lowest quintiles. In contrast, BMI did not
vary across Gl and GL quintiles (Table 1).
Regarding nutrient profiles, participants
who consumed hyperinsulinemic dietary

patterns had low intakes of total fiber,
carbohydrate, calcium, and lycopene and
higher intakes of protein, cholesterol, and
total fat, especially saturated fat, than
those who consumed low insulinemic di-
etary patterns. The nutrient profile from
inflammatory dietary patterns was similar.
In contrast, the nutrient profile from gly-
cemic diets, classified by GL, appeared
completely inverted compared with in-
sulinemic dietary patterns (Supplementary
Table 6), which conforms to the inverse
correlation between GL and EDIH (Spear-
man r = —0.27) (Supplementary Table 7).’

We documented 11,009 incident cases
of type 2 diabetes during a median 13.3
years of follow-up. Table 2 presents the
HR and 95% CI of the associations of
each dietary index with type 2 diabetes
risk. In multivariable-adjusted models,
higher EDIH and EDIP scores were sig-
nificantly associated with higher risk of
type 2 diabetes. Relative to those who
consumed the least, women who con-
sumed the most hyperinsulinemic diets
(EDIH) had a 49% higher risk of type 2
diabetes (quintile 5 vs. 1: HR 1.49 [95%
Cl 1.32-1.68]; Pyreng < 0.0001). The HR
for women in highest compared with
the lowest EDIP quintile was 1.45 (95%
Cl 1.29-1.63; Pyreng < 0.0001). In the
multivariable-adjusted models, Gl and
GL were not associated with type 2 di-
abetes risk (Table 2).

Regarding absolute risk, the consump-
tion of hyperinsulinemic or proinflam-
matory dietary patterns resulted in an
excess of 220 and 271 more cases of
type 2 diabetes per 100,000 person-
years, respectively, whereas consump-
tion of hyperglycemic dietary patterns
did not result in excess risk: —19 (Gl)
and —41(GL) cases of type 2 diabetes per
100,000 person-years (Table 3). Results
remained robust when we additionally
adjusted for blood glucose in the subset
analysis (Supplementary Table 8), when
we mutually adjusted each index for
the otherthree dietaryindices (Supple-
mentary Table 9), when we adjusted the
associations using propensity scores
(Supplementary Table 10), and when
we excluded cases of type 2 diabetes
diagnosed within 2 years from baseline
to limit potential reverse causality (Sup-
plementary Table 11).

There were significant differences
by WHR (Pheterogeneity < 0.0001 for
both EDIH and EDIP), with stronger
associations among women with high

Jin and Associates

WHR (Supplementary Table 12). Sim-
ilarly, intake of hyperinsulinemic and
proinflammatory dietary patterns was
associated with higher type 2 diabe-
tes risk among overweight and obese
women  (Pheterogeneiy = 0.03 for EDIP)
(Supplementary Table 13). The trend was
clearer in the joint associations of EDIH,
EDIP, and BMI: compared with normal-
weight women consuming low insuli-
nemic or anti-inflammatory diets, those
who were overweight/obese and con-
suming hyperinsulinemic or proinflam-
matory diets had 72-73% higher type 2
diabetes risk (Supplementary Fig. 1). No
differences were observed across WHR
or BMI subgroups for Gl and GL. How-
ever, in the joint analysis, type 2 diabetes
risk was elevated among overweight/
obese women who also had higher GI/
GL scores, though with no clear linear trend
(Supplementary Fig. 1). The incidence rate
of type 2 diabetes increased with higher
dietary insulinemic or inflammatory poten-
tial among normal-weight individuals
but more so among overweight/obese
individuals (Supplementary Fig. 2A
and B). No differences were observed
in type 2 diabetes incidence in Gl or GL
quintiles (Supplementary Fig. 2C and D).

In subgroups defined by race/ethnicity
(Supplementary Table 14), hyperinsuli-
nemic and proinflammatory diets, but
not hyperglycemic diets, were signifi-
cantly associated with type 2 diabetes
risk among European Americans and
Hispanics/Latinas, and associations
were strongest among Hispanic women
(Pheterogeneity for EDIH = 0.12; EDIP =
0.13; GL = 0.16; and GI = 0.04). Though
the risk was elevated among African
Americans and other race groups, it
did not attain statistical significance.
Further, the absolute excess risks com-
paring quintile 5 versus 1 for each dietary
pattern (per 100,000 person-years) were
as follows: African Americans: EDIH 582,
EDIP 420, GI —112, and GL —468; Eu-
ropean Americans: EDIH 168, EDIP 194,
Gl —10, and GL —83; and Hispanics: EDIH
743, EDIP 786, Gl —403, and GL —326
(Fig. 1).

CONCLUSIONS

We used EDIH, EDIP, GIl, and GL to
evaluate associations of dietary insuline-
mic, inflammatory, and glycemic poten-
tials with type 2 diabetes risk. Higher
EDIH and EDIP, but not Gl or GL, were
associated with higher relative risk of
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Table 2—HRs (95% CI) for the associations of dietary patterns with risk of developing type 2 diabetes*t#

Per 1-SD
Dietary indices Quintile 1 Quintile 2 Quintile 3 Quintile 4 Quintile 5 increment P trend§
EDIH
Case subjects/noncase
subjects 1,944/12,755 1,988/12,711  2,078/12,621  2,267/12,432  2,732/11,967 — —
Age and energy adjusted 1 (reference) 1.07 1.17 1.30 1.65 1.19 <0.0001
(1.01-1.14) (1.10-1.24) (1.22-1.38) (1.56-1.75) (1.17-1.21)
MV adjusted 1 (reference) 1.09 1.11 1.19 1.49 1.14 <0.0001
(0.96-1.25) (0.98-1.26) (1.05-1.35) (1.32-1.68) (1.10-1.18)
MV+BMI adjusted 1 (reference) 1.15 1.02 1.17 1.41 1.12 <0.0001
(0.96-1.37) (0.86-1.21) (0.99-1.38) (1.20-1.65) (1.07-1.17)
EDIP
Case subjects/noncase
subjects 1,981/12,718 19,91/12,708 2,073/12,626 2,268/12,431 2,696/12,003 = =
Age and energy adjusted 1 (reference) 1.03 1.08 1.27 1.60 1.18 <0.0001
(0.97-1.10) (1.01-1.14) (1.19-1.34) (1.51-1.69) (1.16-1.20)
MV adjusted 1 (reference) 1.06 1.10 1.25 1.45 1.15 <0.0001
(0.94-1.21) (0.97-1.24) (1.11-1.41) (1.29-1.63) (1.11-1.19)
MV+BMI adjusted 1 (reference) 1.00 1.08 1.27 1.42 1.14 <0.0001
(0.85-1.18) (0.92-1.27) (1.09-1.49) (1.22-1.65) (1.09-1.19)
Gl
Case subjects/noncase
subjects 2,143/12,556  2,144/12,555  2,187/12,512  2,264/12,435  2,271/12,428 — —
Age and energy adjusted 1 (reference) 1.01 1.03 1.10 1.22 1.08 <0.0001
(0.95-1.08) (0.97-1.10) (1.03-1.16) (1.15-1.30) (1.05-1.10)
MV adjusted 1 (reference) 1.00 1.03 0.95 0.99 0.99 0.46
(0.88-1.14) (0.91-1.16) (0.84-1.07) (0.88-1.12) (0.95-1.03)
MV+BMI adjusted 1 (reference) 1.05 0.93 0.92 0.99 0.97 0.31
(0.89-1.23) (0.79-1.10) (0.79-1.08) (0.85-1.16) (0.92-1.03)
GL
Case subjects/noncase
subjects 2,288/12,411  2,172/12,527 2,161/12,538 2,146/12,553 2,242/12,457 — —
Age and energy adjusted 1 (reference) 0.94 0.93 0.88 0.91 0.97 0.0012
(0.89-1.00) (0.87-0.98) (0.83-0.93) (0.86-0.96) (0.95-0.99)
MV adjusted 1 (reference) 0.97 0.93 0.97 1.01 1.02 0.30
(0.87-1.09) (0.83-1.05) (0.85-1.10) (0.89-1.16) (0.98-1.07)
MV+BMI adjusted 1 (reference) 0.90 0.94 0.94 0.97 0.99 0.71
(0.78-1.04) (0.80-1.10) (0.80-1.11) (0.81-1.15) (0.94-1.05)

*EDIP, EDIH, GI, and GL scores were adjusted for total energy intake using the residual method. The EDIH, EDIP, and Gl (total carbohydrates)
multivariable (MV)-adjusted models were stratified by age, hypertension, family history of type 2 diabetes, hormone use, physical activity, and further
adjusted for education, race, pack-years of smoking, high cholesterol, WHI study arms, nonsteroidal anti-inflammatory drug use, statin use, and
nutritional supplement use. The MV +BMI models adjusted for all covariates in the MV models and additionally for BMI. The MV-adjusted models for GL
were additionally adjusted for total fat, total protein, and dietary fiber. Supplementary Tables 3 and 4 list food components of EDIH and EDIP. tLower
EDIP scores indicate anti-inflammatory dietary patterns, while higher EDIP scores indicate proinflammatory patterns. Lower EDIH indicates
antihyperinsulinemic dietary patterns, while a higher score indicates prohyperinsulinemic patterns. £Gl and GL were calculated using total
carbohydrates and available carbohydrates. Results were similar; thus, we used only scores from total carbohydrate. Lower GI/GL scores indicate low
glycemic diets, while higher scoresindicate hyperglycemicdiets. §Pvalues for linear trend across dietary index quintiles were estimated using the dietary
indices entered into the models as continuous variables. Models for linear trend were adjusted for all covariates listed in the corresponding modelsin the

footnote above marked with an asterisk (*).

developing type 2 diabetes, with a cor-
responding large absolute excess risk,
independent of BMI, total energy intake,
physical activity, and other potential
confounding variables. The associations
of dietary insulinemic and inflammatory
potentials with type 2 diabetes were
stronger among overweight and obese
than normal-weight women and among
Hispanics and African Americans than
European Americans. The high absolute
excess risk from hyperinsulinemic and
proinflammatory dietary patterns among

Hispanics and African Americans suggest
that future type 2 diabetes prevention
strategies focused on mitigating the con-
tribution of diet to sustained insulin
hypersecretion or chronic systemic in-
flammation may have larger benefits
among these racial/ethnic subgroups.
Furthermore, comparing findings across
the four dietary indices suggests that
focusing only on the carbohydrate con-
tent of diet may be insufficient to prevent
type 2 diabetes. According to the food
and beverage components of the EDIP

and EDIH, a dietary pattern that is both
anti-inflammatory and low insulinemic
includes low intakes of red meat, processed
meat, nonfatty fish, sugar-sweetened bev-
erages, and refined grains and high intakes
of green leafy vegetables, full-fat dairy,
wine, and coffee.

The associations of EDIH and EDIP with
type 2 diabetes risk suggest that the
potential of dietary patterns to promote
hyperinsulinemia and chronic systemic
inflammation may partially underlie
the associations of dietary patterns and
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Table 3—Incidence rate of type 2 diabetes (per 100,000 person-years) in dietary

index quintiles*

Type 2 diabetes incidence rate (per 100,000 person-years)

Dietary

indices Quintile 1 Quintile 2 Quintile 3 Quintile 4 Quintile 5 Q5 — Qilt
EDIH 1,160 1,195 1,148 1,161 1,380 220
EDIP 1,116 1,142 1,170 1,233 1,387 271
Gl$ 1,220 1,241 1,180 1,195 1,201 —19
GL¥ 1,281 1,181 1,176 1,160 1,240 —41

*Each dietary score was adjusted for total energy intake, baseline age, hypertension, type 2
diabetes family history, hormone use, physical activity, education, race, pack-years of smoking,
high cholesterol, WHI study arms, nonsteroidal anti-inflammatory drug use, statin use, nutritional
supplement use, and BMI. The incidence rate by GL quintiles was further adjusted for total fat, total
protein, and dietary fiber. tQ5 — Q1: The excess incidence due to consuming a hyperinsulinemic/
proinflammatory or hyperglycemic dietary pattern. $Gl and GL were calculated using total

carbohydrates.

type 2 diabetes risk reported in previous
studies (2—4). The empirical hypothesis—
oriented approach used to develop EDIH
and EDIP focused on circulating bio-
markers, making the derived dietary pat-
terns independent of specific nutrients,
while considering the totality of the diet
without preconceived notions of healthy
or unhealthy foods. Similarly, one study
reported on an empirical hypothesis—
oriented dietary pattern in relation to
type 2 diabetes risk in the Multiethnic
Cohort (29). The authors found that the
dietary pattern was associated with type 2
diabetes risk in the overall study sample
and in separate subsamples defined by
race/ethnicity. However, this study did
not calculate absolute type 2 diabetes
risk estimates. In contrast, a study using
data from the Aerobics Center Longitu-
dinal Study reported no association
between a literature-derived nutrient-
based dietary inflammatory index and
incident type 2 diabetes (30). It is, how-
ever, difficult to directly compare these
findings with current study findings, as

the dietary inflammatory index is mainly
nutrient-based and driven by supple-
ment use. The EDIP and EDIH are based
exclusively on whole foods, thereby ac-
counting for not only the complex inter-
actions among foods and nutrients in the
diet, but also the food matrix. The same
nutrients can have different health ef-
fects depending on the food matrix in
which they are consumed (31,32) (e.g.,
fermented dairy such as cheese and
yogurt vs. butter or processed vs. un-
processed foods). Therefore, focusing on
nutrients does not account for the con-
text (e.g., food matrix and dietary pat-
tern) in which the nutrient is consumed.

We found no significant association of
GI/GL prospectively with type 2 diabetes
riskin the overall sample and in subgroup
analyses. In contrast with EDIH and EDIP
scores, higher Gl and/or GL scores re-
flecting hyperglycemic diets were asso-
ciated with higher whole-grain and fiber
(in GL) intake and lower branched-chain
amino acid intake. Higher intake of whole
grain and fiber were inversely associated

with type 2 diabetes risk (33), while
higher isoleucine status was associated
with higher type 2 diabetes incidence
(34), which may partly explain the lack
of associations for GI/GL. Additionally,
other macronutrients such as protein
and fat that may influence levels of
circulating inflammatory and insulin
resistance biomarkers (35,36) are not
considered in Gl and GL. Interestingly, GL
had a low correlation with EDIP and an
inverse correlation with EDIH. The in-
verse correlation was also evident in the
inverted distributions of foods and nu-
trients across quintiles of the EDIH and
GL, suggesting that these dietary indices
are not assessing the same biological
construct in the diet. Whereas GI/GL
assess the postprandial (short-term) glu-
cose response of the meal, and therefore
an indirect assessment of insulin re-
sponse to the glucose rise, EDIH directly
assesses the dietary contribution to in-
sulinemia (37). Properties of dietary pat-
terns, such as the ability to directly
contribute to sustained hyperinsuline-
mia, insulin resistance, and chronic
inflammation—constructs assessed by
EDIH and EDIP—may explain why these
scores are more strongly predictive of
type 2 diabetes risk than Gl and GL.
Furthermore, some previous studies
found that higher GI/GL scores were
associated with higher type 2 diabetes
risk (HRgsvs1 18% [95% Cl 6-31) (38).
However, the incidence rate revealed
an underestimate of excess incidence
(—33 cases of type 2 diabetes/100,000
person-years) (38), which is in line with
current study findings on absolute
risk.

Diet has a complex relationship with
adiposity (19). In previous studies, higher

Figure 1—Type 2 diabetes (T2D) incidence rate per 100,000 person-years by race/ethnicity. A: EDIH. B: EDIP. C: Gl. D: GL. Each dietary score was adjusted
for total energy intake, baseline age, hypertension, family history of type 2 diabetes, hormone use, physical activity, education, race, pack-years of
smoking, high cholesterol, WHI study arms, nonsteroidal anti-inflammatory drug use, statin use, nutritional supplement use, and BMI (continuous). The
GL (total carbohydrates) was additionally adjusted for total fat, total protein, and dietary fiber. AA, African American; EA, European American; HP,
Hispanic American; OA, other American; Q, quintile.
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EDIP and EDIH scores were associated
with long-term weight gain (39); there-
fore, the models adjusting for BMI may
highlight the adiposity-mediated associ-
ation of EDIP and EDIH on type 2 diabetes
risk, though we observed only slightly
attenuated associations when addition-
ally adjusting for BMI. Although the
association of EDIP and EDIH with
type 2 diabetes risk may be partly me-
diated through adiposity, these empirical
hypothesis—oriented dietary indices have
direct associations with type 2 diabetes,
independent of adiposity, as shown in
the findings from BMI and WHR sub-
groups or in the BMIl—dietary pattern
joint analyses, which were additionally
adjusted for continuous BMI. Normal-
weight women who consumed hyper-
insulinemic or proinflammatory diets
were at significantly higher type 2 diabe-
tes risk compared with normal-weight
women consuming low insulinemic or
anti-inflammatory diets.

Our study has several strengths, in-
cluding the use of novel food-based
empirical hypothesis—oriented dietary
patterns in a well-characterized cohort.
The large sample size allowed us to
conduct multiple subgroup analyses.
We estimated absolute type 2 diabetes
risk in addition to the relative risks,
providing insights on the clinical utility
of the dietary patterns. However, our
study is not without limitations. Ideally,
blood glucose should have been mea-
sured on all participants; however, sen-
sitivity analysis further adjusting for
glucose in a large subsample showed
comparable results. Diet may have
been measured with error, though the
FFQ was previously evaluated for mea-
surement characteristics (21). Though
we adjusted for a large number of po-
tential confounding variables in the es-
timation of both the relative and
absolute risk, the possibility of residual
confounding or confounding by unmea-
sured variables remains. Although WHI
sample selection may limit generalizabil-
ity of our findings, the overall WHI sample
closely represented the U.S. population
distribution by race/ethnicity in 1996
(midpoint of WHI recruitment) (40). In
addition, our included sample was com-
parable to the overall WHI sample.
Though we estimated associations of
dietary index quintiles with type 2 di-
abetes risk assuming a linear relation-
ship, this may not always be true;

however, associations using the contin-
uous scores aligned well with the quintile
results. Also, our sample was restricted to
postmenopausal women; thus, future
studies among men and younger women
are warranted.

In this large cohort of postmenopausal
women in the U.S., hyperinsulinemic and
proinflammatory dietary patterns were
associated with subsequent risk of type 2
diabetes, with stronger associations
among overweight and obese women
and among Hispanic and African Amer-
ican women. In contrast, dietary glycemic
potential was not associated with type 2
diabetes risk. Our findings suggest that
lowering the insulinemic and inflamma-
tory potential of the diet may be effective
in reducing type 2 diabetes risk, espe-
cially among overweight/obese women
and among Hispanic and African American
women, and that focusing on traditional
glycemic foods may be insufficient to
prevent type 2 diabetes.
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