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OBJECTIVE—To 1) compare associations of diet-quality scores, which were inversely asso-
ciated with cardiovascular disease, with incident type 2 diabetes and 2) test for differences in
absolute-risk reduction across various strata.

RESEARCHDESIGNANDMETHODS—Men from the Health Professionals Follow-Up
Study, who were initially free of type 2 diabetes, cardiovascular disease, or cancer (n = 41,615),
were followed for #20 years. The Healthy Eating Index (HEI) 2005, the alternative HEI (aHEI)
the Recommended Food Score, the alternativeMediterraneanDiet (aMED) Score, and theDietary
Approaches to Stop Hypertension (DASH) Score were calculated from food-frequency question-
naires. Cox proportional hazard models with time-varying covariates were used to assess risk by
quintiles and continuous intervals.

RESULTS—There were 2,795 incident cases of type 2 diabetes. After multivariate adjustment,
the aHEI, aMED, and DASH scores were significantly associated with reduced risk. A 1-SD
increase was associated with 9–13% reduced risk (P , 0.01), and the DASH score was asso-
ciated with lower risk independent of other scores. These scores were associated with lower
absolute risk among those who were overweight or obese compared with normal weight (P for
interaction , 0.01).

CONCLUSIONS—Several diet-quality scores were associated with a lower risk of type 2
diabetes and reflect a common dietary pattern characterized by high intakes of plant-based foods
such as whole grains; moderate alcohol; and low intakes of red and processed meat, sodium,
sugar-sweetened beverages, and trans fat. High-quality diets may yield the greatest reduction in
diabetes cases when followed by those with a high BMI.

Diabetes Care 34:1150–1156, 2011

Type 2 diabetes remains a major cause
of morbidity and mortality world-
wide. By 2030, nearly 400 million

people will suffer from type 2 diabetes (1).
Although the major cause of type 2 dia-
betes is overweight, which is determined
by energy imbalance, diet quality plays an
important role (2).

“High-quality” or “prudent” diets are
rich in fruits and vegetables, and are asso-
ciated with a reduced risk of cardiovascu-
lar disease (CVD) (3). This is attributed to
lower blood lipids, blood pressure, and
inflammation (3) but may also be due to
lower blood glucose and diabetes risk (2).

Thus, high quality diets have the poten-
tial to substantially reduce the global
burden of several important chronic
diseases.

Dietary guidelines for large popula-
tions are beginning to reflect high-quality
diets. In 1994, the Healthy Eating Index
(HEI) was developed from the Dietary
Guidelines for Americans (4). This 100-
point score awards points for dietary
diversity; higher intakes of grains, vegeta-
bles, fruit, and milk; and lower intakes of
meat, total fat, saturated fat, cholesterol,
and sodium. In the Health Professionals
Follow-Up Study and the Nurses’ Health

Study, the HEI was associated with a
modest reduction in the risk of CVD
(5,6), however its relationship with type
2 diabetes has not been studied. Since the
HEI does not award points for carbohy-
drate quality (e.g., amount of whole
grains), it might not be strongly associ-
ated with type 2 diabetes. The relation-
ship between other high-quality diet
scores, such as the Dietary Approaches to
StopHypertension (DASH) Score, and type
2 diabetes has also not been studied, de-
spite them being inversely associated with
CVD (7).

It is also unclear whether preexisting
diabetes risk factors, such as a high BMI,
affect the extent to which high-quality diets
are associated with lower absolute risk
rather than lower relative risk. A deeper
understanding of which subgroups benefit
from high-quality diets in terms of number
of cases could greatly improve the success
of public health messages.

For these reasons, we evaluated the
relationship between several diet-quality
scores designed for use in the U.S. pop-
ulation with risk of type 2 diabetes in a
well-characterized cohort of men. We
also tested whether age, smoking status,
alcohol intake, family history, physical
activity, and BMI altered these relation-
ships when diabetes incidence was the
outcome.

RESEARCH DESIGN AND
METHODS—The Health Professionals
Follow-Up Study is a prospective cohort
study of 51,529 male health professionals.
Questionnaires were mailed to participants
every 2–4 years, beginning in 1986, to as-
sess lifestyle and health status. Approxi-
mately 94% of participants completed
more than one follow-up questionnaire.

Diet-quality scores
Participants completed food-frequency
questionnaires (FFQs) every 4 years,
which were validated against diet records
(8). Correlations for dietary patterns (pru-
dent = 0.5), macronutrients (protein =
0.4, total fat = 0.6, and carbohydrate = 0.7),
and minerals (sodium = 0.5, potassium =
0.7) were similar (8,9). Reliability of the
FFQ was assessed by repeat annual ad-
ministration, and correlations were be-
tween 0.5 and 0.7 (8,9).
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Diet-quality scores were selected from
the literature and publications from our
research group (Supplementary Table A).
These scores included the HEI as revised in
2005 (HEI-2005), which was adapted to
our FFQs by T.T.F. and S.E.C. It includes
updated recommendations on whole
grains, dark green and orange vegetables,
and legumes (4). McCullough et al. (10)
created the alternative HEI (aHEI) by com-
bining fruit and vegetable categories (e.g.,
total plus whole fruits), eliminating others
(e.g., total grains), and adding foods asso-
ciatedwith chronic disease in recent studies
(e.g., nuts, cereal fiber). The 51-point Rec-
ommended Food Score (RFS) was devel-
oped by Kant et al. (11) to measure dietary
diversity in the National Health and Nu-
trition Examination Survey. It awards
points for weekly intake of 51 foods (e.g.,
fruit, vegetables, whole grains, lean meats,
and low-fat dairy) and was adapted by
M. McCullough and L.d.K. for our FFQs
(10). The alternative Mediterranean Diet
(aMED) Score was developed by Fung
et al. (12) from the 9-point Trichopolou
MED Score and awards one point for
above-median intakes of vegetables (no po-
tatoes), legumes, whole grains, fruits, nuts,
and fish; ratio of monounsaturated to sat-
urated fat; moderate intakes of alcohol;
and below-median intakes of red and pro-
cessed meat. The 40-point DASH score
was developed by T.T.F. and S.E.C. and
awards points for higher intakes of foods
related to a lower risk of hypertension
(fruits, vegetables, low-fat dairy, nuts, le-
gumes, and whole grains) and lower in-
takes of harmful foods (sodium, red and
processed meats, and sweetened bever-
ages) (7).

Confirmation of type 2 diabetes
Self-reported cases of type 2 diabetes were
confirmed when at least one of the symp-
toms, positive diagnostic glucose tests,
and medication use were reported on a
supplementary questionnaire. Glucose
criteria were from the National Diabetes
Data Group (cases prior to 1998) and the
American Diabetes Association (cases af-
ter 1998) (13). In a validation study, 97%
of cases were confirmed by medical re-
cord review (13).

Statistical analysis
Participants with type 2 diabetes, CVD
(heart attack, stroke, angina, or coronary
artery bypass graft), cancer, or implausible
energy intake (,800 or .4200 kcal/day)
were excluded at baseline, leaving 41,615
participants.

Person-time was calculated from the
return of the 1986 questionnaire until 31
January 2006, death, loss to follow-up,
development of type 2 diabetes, or which-
ever occurred first. Associations between
quintiles of diet-quality scores and type 2
diabetes were tested with Cox proportional
hazard models with time-varying covari-
ates. Diet-quality scores and dietary covar-
iates (coffee, total energy) were calculated as
cumulative averages at each time point and
were not updated if participants reported a
diagnosis of CVD or cancer. Coffee, which
is inversely associated with type 2 diabetes,
was adjusted for because it was not cap-
tured in the diet-quality scores and could
result in some confounding. Other cova-
riates were updated at each time point. A
secondary analysis tested whether baseline
diet quality was associated with type 2
diabetes risk.

Regression covariates were smoking
(never, previous, current [1–14 cigarettes/
day or .14 cigarettes/day], or missing),
physical activity (quintiles; metabolic
equivalents hours/week or missing), coffee
intake (quintiles; cups/day), family history
of type 2 diabetes, BMI (,23, 23–23.9,
24–24.9, 25–26.9, 27–28.9, 29–30.9,
31–32.9, 33–34.9, or.35 kg/m2 or miss-
ing), and total energy intake (quintiles;
kcal/day). Missing values for smoking,
physical activity, and BMI were imputed
from the previous assessment. Linear
trends were evaluated using the Wald test
of the median diet score in each quintile.

Strength of association was evaluated
by comparing risk in the top versus the
bottom quintiles and continuous intakes
(per 1 SD). Differences were defined as
significant when the 95% CIs did not
overlap. Model fit was assessed by Akaike
information criteria (AIC).

Scores that were significantly associ-
ated with type 2 diabetes were included
pairwise in the same model to test for
independent associations. This would in-
dicate unique, residual dietary variation
related to type 2 diabetes.

To assess the public health impact of
high-quality diets according to age (,65
vs. $65 years), smoking (ever vs. never
smoked), alcohol intake (drinkers vs. ab-
stainers), family history of type 2 diabetes,
physical activity (low [quintiles 1–2], me-
dium [quintiles 3–4], or high [quintile 5]),
and BMI (,25, 25–30, or $30 kg/m2),
we stratified our analysis and performed
interaction tests over the entire follow-up
using absolute risk as the outcome. Inter-
action significance was evaluated using
the Wald test of cross-product terms

(e.g., median diet score times median
BMI).

Analyses were repeated with contin-
uous covariates to assess residual con-
founding.

SAS version 9.1 (Cary, NC) was used
for analysis, and a P value # 0.05 was
considered statistically significant.

RESULTS

Baseline characteristics
The mean of the HEI-2005 was 67.4 (SD
9.8), aHEI score 44.2 (11.2), RFS 17.6
(7.3), aMED score 4.3 (2.0), and DASH
score 23.8 (5.4). Higher scores were
associated with a significantly higher gly-
cemic load and cereal fiber intake except
for the HEI-2005, which was associated
with a lower glycemic load (Table 1).
Higher scores also were associated with
significantly higher intakes of polyunsat-
urated fat and lower intakes of trans fat
and heme iron. All scores were associated
with a lower BMI, higher physical activity,
and a lower prevalence of current smok-
ing. Alcohol intake was inversely associ-
ated with all scores except for the aHEI,
which was associated with higher alcohol
intake. The HEI-2005 had a weak inverse
association with family history.

Diet scores were significantly corre-
lated (Supplementary Table B), ranging
from 0.80 (aHEI vs. aMED) to 0.33 (RFS
vs. HEI-2005).

Cox regression
There were 2,795 cases of type 2 diabetes
over 20 years of follow-up (733,291
person-years). Diet-quality scores were
significantly associated with decreased
risk in age-adjusted models (Table 2),
but after multivariate adjustment the
RFS and HEI-2005 were not. For exam-
ple, participants in the top quintile of the
DASH score had a 25% lower risk than
those in the bottom quintile (P , 0.01).
This reduction was not significantly dif-
ferent compared with the aMED (25%) or
aHEI (23%) scores, although the DASH
score fit the data best according to the
AIC. Using a baseline measure of the di-
etary scores did not principally alter these
results or modify the order of associations
(data not shown).

Similar results were obtained using
continuous scores. A 1-SD increase in the
aHEI, aMED, or DASH scores was asso-
ciated with 9–13% decreased risk, which
was not significantly different from each
other (Fig. 1). The DASH score had the
lowest risk estimate (hazard ratio [HR]
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0.87 [95% CI 0.83–0.92], P , 0.01) and
fit the data best according to the AIC.

After mutually adjusting scores that
were significantly related to type 2 di-
abetes, the DASH score remained signif-
icantly and inversely associated with risk
(Fig. 1).

There were significant interactions
between BMI and the aHEI, aMED, and
DASH scores, with absolute risk as the
outcome (Table 3). Greater reductions
in absolute risk of type 2 diabetes were
observed among those who were over-
weight or obese compared with normal
weight.

Repeating the analysis using contin-
uous covariates did not materially alter
the results (data not shown).

CONCLUSIONS—In this analysis,
several diet-quality scores were associated
with similar reductions in type 2 diabetes
risk, which points to a common underly-
ing dietary pattern. High-quality diets
were associated with greater reductions
in the number of type 2 diabetes cases
among individuals with a high BMI.

The effects of high-quality diets on
type 2 diabetes may be mediated by many
factors. A low glycemic load minimizes
postprandial glucose spiking, whereas
fiber from whole grains, legumes, and
nuts reduces glucose absorption (14,15).
Both may improve insulin demand and
b-cell function. Magnesium from nuts
and whole grains is also a cofactor for cel-
lular glucose uptake and oxidation (16).
Polyunsaturated fats from vegetable oils
and nuts reduce postprandial triglycer-
ides and increase skeletal muscle cell
membrane fluidity and glucose uptake
compared with saturated fats (17). Low-
fat dairy is included in high-quality diets
to reduce the intake of saturated fat but
may provide additional benefits because
dairy proteins stimulate the secretion of
insulinotropic peptides (18).Mediterranean-
type diets include alcohol, which, in mod-
eration, increases insulin sensitivity by an
unknown mechanism (19). Most high-
quality diets restrict the intake of red and
processed meat because they are major
sources of saturated fat and other poten-
tially harmful components. For example,
heme iron can accumulate in tissues and
potentially damage b-cells through oxida-
tive stress (20). Nitrates in processed
meats are converted into nitrosamines in
the intestines and promote insulin resis-
tance in rodents (20). Moreover, advanced
glycation end products are formed when T
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meat is cooked at high temperatures and
induce insulin resistance in mice (20).

In support of thesemechanisms,whole
grains (14), alcohol (19), low-fat dairy (18),

polyunsaturated fat (17), and magnesium
(16) are associated with lower risk of type 2
diabetes, whereas glycemic load (15), red
and processed meat (20), sugar-sweetened

beverages (21), and trans fat (17) are asso-
ciated with higher risk in meta-analyses
of prospective cohort studies. In a meta-
analysis of controlled trials, legumes im-
proved glycemic control in people with or
without type 2 diabetes (22), whereas fish
oil had no impact on glycemic control
among patients with diabetes (23). Inter-
estingly, fruits and vegetables were not
associated with type 2 diabetes in a meta-
analysis (24), which may be because pota-
toes, sometimes classified as a vegetable,
have a high glycemic index and would
bias associations toward the null (15).
These findings are consistent with publica-
tions from theHealth Professionals Follow-
Up Study and the Nurses’ Health Study.

Taken together, high-quality diets
should have the greatest impact on type
2 diabetes if they include whole grains,
nuts, legumes, moderate amounts of al-
cohol, and low-fat dairy, at the expense of
glycemic load, red and processed meat,
sugar-sweetened beverages, and trans fat.
Fruits and vegetables also should be in-
cluded because they can replace harmful
foods but may not be as important as
other components for diabetes preven-
tion. Fish should be included for the

Table 2—Risk of type 2 diabetes according to quintiles of cumulatively averaged diet-quality scores

Quintile 1 Quintile 2 Quintile 3 Quintile 4 Quintile 5 P for trend

HEI-2005
Quintile range 24–59 60–65 66–70 71–76 77–99
Cases/person-years 623/144,032 629/149,600 553/151,510 533/149,752 457/138,397
Age-adjusted HR 1.00 0.97 (0.87–1.08) 0.82 (0.73–0.92) 0.79 (0.70–0.89) 0.72 (0.64–0.82) ,0.01
Multivariate HR 1.00 1.02 (0.91–1.15) 0.91 (0.80–1.02) 0.94 (0.83–1.07) 0.96 (0.84–1.10) 0.31

aHEI
Quintile range 8–34 35–40 41–46 47–53 54–87
Cases/person-years 671/144,148 645/148,099 598/148,983 494/148,951 387/143,110
Age-adjusted HR 1.00 0.92 (0.82–1.02) 0.82 (0.73–0.92) 0.68 (0.60–0.76) 0.54 (0.47–0.61) ,0.01
Multivariate HR 1.00 0.97 (0.86–1.08) 0.95 (0.83–1.05) 0.84 (0.74–0.95) 0.77 (0.67–0.88) ,0.01

RFS
Quintile range 0–11 12–15 16–19 20–23 24–51
Cases/person-years 604/145,982 560/146,678 591/153,985 529/141,478 511/145,168
Age-adjusted HR 1.00 0.92 (0.82–1.03) 0.91 (0.81–1.02) 0.86 (0.76–0.97) 0.84 (0.75–0.95) ,0.01
Multivariate HR 1.00 0.95 (0.84–1.07) 0.98 (0.87–1.10) 0.97 (0.86–1.10) 0.96 (0.84–1.10) 0.71

aMED
Quintile range 0–2 3 4 5–6 7–9
Cases/person-years 705/151,824 572/139,328 575/145,260 538/155,632 405/141,248
Age-adjusted HR 1.00 0.85 (0.76–0.95) 0.81 (0.72–0.90) 0.75 (0.67–0.84) 0.57 (0.50–0.64) ,0.01
Multivariate HR 1.00 0.92 (0.82–1.03) 0.91 (0.81–1.02) 0.89 (0.79–1.00) 0.75 (0.66–0.86) ,0.01

DASH
Quintile range 8–19 20–22 23–25 26–28 29–40
Cases/person-years 725/156,191 650/147,910 506/144,880 529/147,425 385/136,885
Age-adjusted HR 1.00 0.89 (0.80–0.99) 0.70 (0.63–0.79) 0.71 (0.63–0.79) 0.55 (0.48–0.62) ,0.01
Multivariate HR 1.00 0.93 (0.83–1.04) 0.77 (0.69–0.87) 0.83 (0.74–0.94) 0.75 (0.65–0.85) ,0.01

Data are HR (95%CI).Multivariate models are adjusted for smoking, physical activity, coffee intake, family history of type 2 diabetes, BMI, and total energy. AIC values for the
multivariate models are HEI-2005: 21,876; aHEI: 21,861; RFS: 21,880; aMED: 21,863; and DASH: 21,852 (a smaller number indicates a better fit of the model to the data).

Figure 1—Standardized and mutually adjusted associations of diet-quality scores with risk of
type 2 diabetes. HRs and their 95% CI are shown for an increase of 1 SD (HEI-2005: 9.8; aHEI:
11.2; RFS: 7.3; aMED: 2.0; and DASH: 5.5).Models are adjusted as in Table 2. The AIC values are
as follows: HEI-2005: 21,875; aHEI: 21,853; RFS: 21,874; aMED: 21,861; and DASH: 21,844
(a smaller number indicates a better fit of the model to the data).
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same reason and because of its inverse as-
sociation with CVDmortality (3). Finally,
sodium should be minimized because
of its positive association with hyperten-
sion and CVD (7).

Among the scores tested, the DASH
and aHEI reflected this evidence most
strongly, whereas the HEI-2005 and RFS
reflect this evidence most weakly. Not
surprisingly, the HEI-2005 and RFS
were not significantly associated with

type 2 diabetes after multivariate adjust-
ment. In the Health Professionals Follow-
Up Study, participants in the top quintile
of the original HEI or RFS had a 28% (6)
and a 23% (10) lower CVD risk com-
pared with participants in the bottom
quintile. A high HEI (top vs. bottom
quintile) also was significantly associ-
ated with a 14% lower CVD risk in the
Nurses’ Health Study (5). This suggests
that these scores are associated with

blood lipids and blood pressure but not
insulin resistance.

To improve the predictive power of
the original HEI on CVD outcomes, the
aHEI was developed. In this study, a high
aHEI was associated with 23% lower risk
of type 2 diabetes and in the Nurses’
Health Study was associated with 36%
lower risk (25). A high aHEI also was as-
sociated with 39% lower risk of CVD in
theHealth Professionals Follow-Up Study

Table 3—Stratified analysis of DASH score and absolute risk of type 2 diabetes risk

Quintile 1 Quintile 2 Quintile 3 Quintile 4 Quintile 5
P for
trend

Quintile range 8–19 20–22 23–25 26–28 29–40
Age
,65 years Reference

category
+5 (244 to +54) 255 (2104 to 26) 250 (299 to 21) 250 (299 to 21) 0.02

$65 years Reference
category

235 (2133 to +63) 2120 (2208 to 232) 255 (2143 to +33) 2125 (2213 to 237) 0.01

P for interaction 0.56
Current or previous smoker
Yes Reference

category
220 (289 to +49) 2100 (2169 to 231) 275 (2144 to 26) 2135 (2204 to 266) ,0.01

No Reference
category

215 (274 to +44) 270 (2129 to 211) 245 (2104 to +14) 255 (2114 to 24) 0.05

P for interaction 0.06
Consumes alcohol
Yes Reference

category
220 (269 to +29) 280 (2129 to 231) 275 (2124 to 226) 295 (2144 to 246) ,0.01

No Reference
category

+10 (298 to +118) 2100 (2198 to 22) +25 (283 to +133) 275 (2183 to +33) 0.27

P for interaction 0.26
Family history of type 2 diabetes
Yes Reference

category
+5 (2191 to +201) 2105 (2291 to +81) 2110 (2296 to +76) 2120 (2316 to +76) 0.12

No Reference
category

220 (269 to +29) 290 (2129 to 251) 260 (299 to 221) 295 (2144 to 246) ,0.01

P for interaction 0.28
Physical activity
Low (quintile 1 + 2) Reference

category
+30 (248 to +108) 2100 (2178 to 222) 255 (2133 to +23) 295 (2183 to 27) 0.01

Medium (quintile 3 + 4) Reference
category

265 (2134 to 24) 265 (2134 to +4) 280 (2149 to 211) 2110 (2179 to 241) ,0.01

High (quintile 5) Reference
category

+10 (2108 to +88) 2115 (2203 to 227) 250 (2138 to +38) 295 (2183 to 27) 0.03

P for interaction 0.20
BMI
Normal (,25 kg/m2) Reference

category
+15 (234 to +64) 240 (279 to 21) +10 (229 to +49) 230 (269 to +9) 0.16

Overweight
(25–29.9 k/m2)

Reference
category

240 (2109 to +29) 2135 (2194 to 276) 2115 (2184 to 246) 2155 (2224 to 286) ,0.01

Obese ($ 30 kg/m2) Reference
category

225 (2250 to +200) 280 (2315 to +155) 2165 (2410 to +80) 2205 (2479 to +69) 0.09

P for interaction ,0.01
Data are changes in absolute risk per 100,000 person-years (95% CI). Models are adjusted as in Table 2, except for the stratifying factor. Stratified analysis using the
aHEI and aMED scores yielded similar results. Participants can contribute person-time to multiple strata.
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and 29% lower risk in the Nurses’ Health
Study (10). In the Nurses’ Health Study,
the aMED and DASH scores had similar
associations with CVD (7,12). Combined
with their high correlations (r . 0.71),
this points to a common underlying die-
tary pattern. However, the DASH score
provided better fit to the data and cap-
tured unique dietary variation related to
diabetes risk. This could be because it in-
cludes sugar-sweetened beverages, which
are associated with an increased risk of
type 2 diabetes (21).

However, despite these differences,
the aHEI, aMED, and DASH scores were
associated with nearly identical risk re-
ductions. This is because even though
some scores were not optimal, they
awarded points to a sufficient number
of beneficial components. This suggests
that public health messages need not be
overly strict, as adequate risk reductions
can be achieved even if not all dietary
recommendations are followed. But be-
cause these scores were associated with
greater reductions in absolute risk of
type 2 diabetes among the overweight
and obese, public health messages
should focus on improving diet quality
in these groups to prevent the greatest
number of cases.

Our study has several strengths. First,
it is prospective, which minimizes reverse
causality. Second, participants were
relatively similar, which reduces resi-
dual confounding common to studies of
diverse populations. Third, cumulative
averages of diet scores were used, which
accounts for previous dietary information
and controls measurement error. Fourth,
recall bias was reduced by not updating
dietary data after the diagnosis of a chronic
disease. Fifth, time-dependent confound-
ing was adjusted for by using updated
covariates. Sixth, a large sample size al-
lowed for modest but potentially meaning-
ful changes in risk to be detected.

Our study also has limitations. The
first is that because of its ethnic homoge-
neity (most werewhitemales), its findings
may not be generalizable to other popu-
lations. The second limitation is the po-
tential for confounding. Dietary patterns
could simply be markers for factors such
as health awareness. However, we con-
trolled for many possible confounders of
the relationship between diet and type 2
diabetes and used continuous diet scores
and covariates to assess residual con-
founding.

In conclusion, several diet-quality
scores were inversely associated with type

2 diabetes. These scores reflect a common
dietary pattern characterized by high in-
take of fruits, vegetables, whole grains,
nuts, legumes, and unsaturated fats; mod-
erate intake of alcohol; and lowintake of
red and processed meat, sodium, sugar-
sweetened beverages, and trans fat.
High-quality diets may yield the greatest
reduction in diabetes cases when fol-
lowed by those with a high BMI.
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