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ABSTRACT
Background: The Dietary Guidelines for Americans (DGAs) provide dietary recommendations for the general population with the intent of
preventing chronic disease such as cardiovascular disease. An evaluation of whether updated versions of the DGAs accomplish this goal is lacking.
Objective: The objective of this project was to determine whether updates to DGAs over time, reflected in subsequent versions of diet quality
indices, strengthened the associations between diet quality and risk of cardiovascular disease outcomes.
Methods: Dietary data collected using an FFQ in the Framingham Heart Study Offspring cohort were used to assess adherence to sequential
versions of the Healthy Eating Index (HEI) (1990, 2005, 2010, and 2015) and Alternative HEI (2000 and 2010) (n = 3267). We conducted
prospective analyses using Cox regression to estimate the associations between diet indices and incident cardiovascular disease outcomes.
Results: Among the 3267 study participants, 54% were female, mean age was 55 y, and BMI was 27 kg/m2. There were a total of 544 events for
the composite outcome of cardiovascular diseases (324 coronary artery disease events, 153 stroke events, and 187 heart failure events). Adherence
to any dietary index was inversely associated with risk of cardiovascular disease, coronary artery disease, and heart failure, but not stroke.
Compared with HEI-1990, scores for the more recent diet indices were more strongly associated with coronary artery disease risk, but not
cardiovascular disease, heart failure, or stroke.
Conclusions: More recent iterations of diet indices, reflecting updates to the DGAs over time, are more strongly associated with risk of incident
coronary artery disease than the original diet index (HEI-1990). Curr Dev Nutr 2019;3:nzz123.
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Introduction

All federally funded food programs (e.g., school lunch program,
military food service, Supplemental Nutritional Assistance Program,
Women and Infants Care) and nutrition education programs must
adhere to the US Dietary Guidelines for Americans (DGAs). As such,
they have the potential to influence population-wide food consumption.
The USDA and US Department of Health and Human Services jointly
oversee an update of these guidelines every 5 y to keep them consistent
with the most recent evidence on dietary intake and health, with a major
focus on chronic disease risk reduction, primarily cardiovascular dis-
eases, the major cause of death in the United States (1, 2).

Subsequent to the publication of DGAs, diet quality indices are
created that can be used to assess adherence to the dietary guide-
lines. These diet quality indices are updated concurrently with up-
dating of the DGAs every 5 y. These adherence measures represent
an attempt to quantify diet quality, because they are designed to re-
flect constituents of a healthy diet based on the available nutrition sci-
ence at the time (3). The Dietary Patterns Methods Project found that
higher diet quality, assessed using both the Healthy Eating Index (HEI)-
2010 and the Alternative Healthy Eating Index (AHEI)-2010, was as-
sociated with a reduced risk of cardiovascular mortality and all-cause
mortality in several cohorts (4). However, the Dietary Patterns Meth-
ods Project was limited to the 2010 versions of the HEI and AHEI and
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Framingham Offspring study participants
n = 5124

Participants with data in BioLINCC
n = 5013

Declined to share data
n = 111

Attended Exam 5
n = 3712

Did not attend Exam 5
n = 1301

Available FFQ data at Exam 5
n = 3351

No available or invalid FFQ data at Exam 5
n = 361

Included in the analysis
n = 3267

Prevalent cardiovascular disease
n = 84

FIGURE 1 Flowchart of study participant selection. BioLINCC, Biologic Specimen and Data Repository Information Coordinating Center.

did not evaluate either prior or subsequent iterations of the diet quality
indices.

The objective of this project was to determine whether updates to
DGAs over time, reflected in subsequent versions of diet quality indices,
strengthened the associations between diet quality and risk of cardio-
vascular disease outcomes.

Methods

Study population
The present study was conducted using data from the Framingham
Heart Study (FHS) Offspring cohort (5). The FHS Offspring cohort was
recruited starting in 1971 and consists of the children and spouses of
children of the original FHS cohort participants. The primary objec-
tives of the FHS Offspring cohort were to study cardiovascular disease
incidence and prevalence and risk factors for cardiovascular disease and
to examine patterns of risk factors within families (5). After enrollment,
FHS Offspring cohort study participants underwent standardized ex-
aminations, provided medical histories every 4 to 8 y, and were followed
for the occurrence of cardiovascular events and mortality. Written in-
formed consent was obtained from study participants and procedures
were approved by the Boston University Medical Center Institutional
Review Board. The present analysis was approved by the Johns Hopkins
Bloomberg School of Public Health and Tufts University Institutional
Review Boards.

The entire FHS Offspring cohort was eligible for inclusion in
the analysis (n = 5124) (Figure 1). We excluded those indi-
viduals who declined storage of their data in the National Heart,
Lung, and Blood Institute Biologic Specimen and Data Reposi-
tory Information Coordinating Center (n = 111), those who did
not attend Exam 5 (n = 1301), those with missing dietary data
(n = 361), and those with prevalent cardiovascular disease at Exam
5 (n = 84). The final sample size for the present analysis was
3267.

Exposures
The Harvard semiquantitative FFQ, which has been validated against
diet records and biomarkers in other study populations, was used to es-
timate dietary intake (6, 7). The FFQ was administered at Exam 5 (con-
ducted in 1991 to 1995), which was considered baseline for the prospec-
tive analysis. We used data on reported frequency of food and beverage
intake and derived nutrient data. These dietary data were then used
to assess adherence to the DGAs using established criteria for different
versions of the HEI, HEI-1990, HEI-2005, HEI-2010, and HEI-2015,
and AHEI, AHEI-2000 and AHEI-2010, as previously described (8–12).
The participants were not advised to adhere to a particular dietary pat-
tern, but rather the term adherence is used to represent the consistency
of participant diets with the DGAs according to the established criteria
of the diet quality indices.

Covariates
Covariates were measured at Exam 5 (1991–1995). Multivariable re-
gression models were adjusted for the following confounding factors:
age, sex, cigarette smoking, BMI, diabetes status, hypertension status,
HDL cholesterol, non-HDL cholesterol, total energy intake, antihyper-
tensive medication, and lipid-lowering medication.

Outcomes
The primary outcome was incident cardiovascular disease, defined as a
composite of coronary artery disease, stroke, and heart failure, which
were ascertained from Exam 5 (1991–1995) through December 31,
2010. The secondary outcomes were incident coronary artery disease,
incident stroke, and incident heart failure as separate outcomes.

Statistical analysis
The components and construction of the dietary guideline adherence
indices were compared, identifying factors that have remained stable
through the years and those that have been eliminated or added over
time. The scoring system for each index was applied according to the
methods used by the investigators who developed these established in-
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TABLE 1 Scores for food and nutrient components of dietary guideline adherence indices in the FHS Offspring cohort1

Version of the dietary guideline adherence indices
Component HEI-1990 AHEI-2000 HEI-2005 AHEI-2010 HEI-2010 HEI-2015

Total fruits 6.8 ± 3.1 3.1 ± 2.4 4.2 ± 1.3 3.1 ± 2.4 4.2 ± 1.3 4.2 ± 1.3
Whole fruits 4.1 ± 1.5 4.1 ± 1.5 4.1 ± 1.5
Total vegetables 6.8 ± 2.8 5.2 ± 2.7 4.2 ± 1.2 5.2 ± 2.7 4.2 ± 1.2 4.4 ± 1.0
Greens and beans 3.7 ± 1.7 4.6 ± 0.9
Dark green and orange vegetables

and legumes
4.0 ± 1.4

Total grains 5.6 ± 2.4 3.6 ± 1.1
Whole grains 1.4 ± 1.4 1.5 ± 1.9 2.8 ± 2.8 2.8 ± 2.8
Refined grains 8.4 ± 2.7 8.4 ± 2.7
Fiber 9.1 ± 1.6
Total protein foods 2.2 ± 0.8 2.2 ± 0.8
Dairy/milk 6.5 ± 3.2 6.0 ± 3.1 6.0 ± 3.1 6.0 ± 3.1
Meat2 5.0 ± 2.3 3.7 ± 3.1 5.3 ± 3.0
Meats and beans 3.2 ± 1.3
Seafood and plant proteins 2.5 ± 1.3 2.5 ± 1.3
Nuts and soy protein/legumes 0.9 ± 1.7 5.5 ± 3.1
Oils3 2.1 ± 2.3
Total fat 8.2 ± 2.5
Fatty acids4 5.4 ± 2.1 3.7 ± 2.5 3.7 ± 2.5
Saturated fats 7.5 ± 3.3 5.6 ± 3.0 6.6 ± 2.9
Polyunsaturated fat 4.8 ± 1.9
Trans fat 7.2 ± 2.0 7.2 ± 2.0
Omega-3 fats 7.0 ± 3.0
Cholesterol 9.1 ± 2.3
Sodium 9.1 ± 1.8 7.2 ± 1.8 4.5 ± 2.9 8.6 ± 1.8 8.6 ± 1.8
Added sugars 10.0 ± 0.3
Empty/discretionary calories 19.7 ± 1.5 19.7 ± 1.5
SSBs and fruit juice 0.7 ± 2.5
Alcohol 3.9 ± 3.9 5.4 ± 3.4
Total score 64.5 ± 9.6 38.5 ± 10.3 65.5 ± 7.6 50.3 ± 10.6 70.2 ± 8.6 68.3 ± 9.1
1Data presented are mean ± SD scores for each component and the total score. AHEI, Alternative Healthy Eating Index; FHS, Framingham Heart Study; HEI, Healthy
Eating Index; SSB, sugar-sweetened beverage.
2For AHEI-2000, meat was quantified as the ratio of white meat (poultry, fish) to red meat (beef, pork, lamb, processed meat). For AHEI-2010, only red and processed
meat were scored.
3Oils includes nonhydrogenated vegetable oils and oils in fish, nuts, and seeds.
4For HEI-2010 and HEI-2015, fatty acids were quantified as the ratio of polyunsaturated fatty acids and monounsaturated fatty acids to saturated fatty acids. For AHEI-
2000, fatty acids were quantified as the ratio of polyunsaturated fatty acids to saturated fatty acids.

dices (8–12). Descriptive statistics were used to describe dietary ad-
herence (mean and range for each index) and characteristics of study
participants according to tertiles of HEI-2015.

Adherence scores were related to incident cardiovascular disease us-
ing survival analysis to incorporate time to event. Cox proportional
hazards regression models were adjusted for demographics (age, sex),
health behaviors (cigarette smoking), anthropometry (BMI), additional
established cardiovascular disease risk factors (diabetes status, hyper-
tension status, HDL cholesterol, and non-HDL cholesterol), and med-
ication use (antihypertensive and lipid-lowering). In addition, mod-
els were adjusted for total energy intake to account for extraneous
variation introduced through the use of an FFQ to assess dietary in-
take (13). Seemingly unrelated regression (SUR) was used to compare
coefficients from different Poisson regression models in order to de-
termine whether the strength of association between diet indices and
cardiovascular outcomes were stronger from more recent diet indices
relative to the original HEI (1990) (14). We compared Poisson regres-
sion models which incorporated follow-up time since it is not possible
to apply to seemingly unrelated regression analyses to Cox regression

models. Stata statistical software version 14.2 was used for all analyses
(StataCorp LLC).

Results

All 6 diet indices included similar components for total fruits and to-
tal vegetables (Table 1). Sodium was a component in all of the diet
indices except for AHEI-2000. Older versions of diet indices assessed
intake of total grains, whereas more recent versions separately assessed
whole grains (or fiber) and refined grains. The original HEI (1990) as-
sessed intake of protein as dairy and meat, but more recent versions
used more nuanced categories for sources of protein to reflect intake of
seafood, nuts, and plant protein (beans, soy protein, legumes) in addi-
tion to dairy as a separate category. HEI-1990 included components for
total fat and cholesterol, whereas later versions of diet indices assessed
subcatagories of fatty acids, including trans fat, saturated fat, polyunsat-
urated fat, and omega-3 fatty acids. Sugar consumption was assessed for
all indices except for HEI-1990 but used different categories, i.e., added
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TABLE 2 Baseline characteristics according to tertile of HEI-20151

Tertile of HEI-2015

Characteristic
Tertile 1: 30.7–64.8

(n = 1059)
Tertile 2: 64.9–72.8

(n = 1059)
Tertile 3: 72.9–94.3

(n = 1059)

Female 44.8% (474) 54.6% (578) 63.6% (673)
Age, y 53.2 ± 9.8 54.1 ± 9.8 56.3 ± 9.4
BMI, kg/m2 27.7 ± 4.9 27.5 ± 5.1 26.9 ± 4.8
Current smoker 28.9% (306) 17.4% (184) 10.3% (109)
Hypertension 19.5% (205) 20.9% (220) 22.8% (240)
SBP, mmHg 126 ± 18 125 ± 19 127 ± 19
Antihypertensive medication use 16.3% (172) 18.4% (194) 20.2% (213)
Hemoglobin A1c, % 5.5 ± 1.1 5.4 ± 0.9 5.4 ± 1.0
Diabetes 6.2% (65) 5.8% (61) 7.9% (83)
Diabetes treatment 2.9% (31) 2.6% (27) 3.7% (39)
Fasting glucose, mg/dL 101 ± 27 100 ± 26 100 ± 27
Lipid-lowering medication use 4.3% (46) 5.8% (61) 8.5% (90)
Total cholesterol, mg/dL 205 ± 36 204 ± 35 206 ± 38
Non-HDL cholesterol, mg/dL 156 ± 37 154 ± 37 154 ± 40
Triglycerides, mg/dL 150 ± 115 151 ± 118 141 ± 90
HDL cholesterol,2 mg/dL 48 ± 14 50 ± 15 52 ± 15
1Data presented are % (n) or means ± SDs. HEI, Healthy Eating Index; SBP, systolic blood pressure.
2Means ± SDs of HDL cholesterol concentrations for women were 55 ± 15, 56 ± 15, and 57 ± 15 mg/dL for tertiles 1, 2, and
3, respectively, and for men were 43 ± 11, 43 ± 12, and 43 ± 11 mg/dL for tertiles 1, 2, and 3, respectively.

sugars, empty calories, discretionary calories, and sugar-sweetened bev-
erages and fruit juice, reflecting the terminology of the DGA version at
the time. Alcohol was a component of AHEI-2000 and AHEI-2010, but
not for any version of HEI. The mean ± SD of the diet indices was 64.5
± 9.6 for HEI-1990, 38.5 ± 10.3 for AHEI-2000, 65.5 ± 7.6 for HEI-
2005, 50.3 ± 10.6 for AHEI-2010, 70.2 ± 8.6 for HEI-2010, and 68.3 ±
9.1 for HEI-2015.

In the overall study population (n = 3267), about half of the study
participants were female (54.3%), the mean age was 54.5 y, and the mean
BMI was 27.4 kg/m2 (Table 2). At higher tertiles of HEI-2015, partici-
pants were more likely to be female, older, and have a lower BMI, and
were less likely to be current smokers. Participants at higher levels of
adherence to HEI-2015 were more likely to have hypertension and to
be using antihypertensive and lipid-lowering medication. The higher
mean HDL cholesterol concentration in participants in the higher ter-
tiles of HEI-2015 was observed among women but not among men.

Over a median follow-up of 17 y, there were 544 events for the com-
posite outcome of cardiovascular diseases; 324 coronary artery disease
events, 153 stroke events, and 187 heart failure events. For nearly all diet
indices, there was a statistically significant inverse association with risk
of the composite outcome of cardiovascular diseases, coronary artery
disease, and heart failure after adjusting for age, sex, smoking, BMI, di-
abetes, hypertension, HDL cholesterol, non-HDL cholesterol, total en-
ergy intake, antihypertensive medication, and lipid-lowering medica-
tion (Table 3). For example, those in the highest tertile of adherence to
HEI-2015 had a 32% lower risk of coronary artery disease than those in
the lowest tertile (HR: 0.68; 95% CI: 0.51, 0.89; P value for trend across
tertiles = 0.004). A 10-unit higher HEI-2015 score was associated with
17% lower risk of coronary artery disease (HR: 0.83; 95% CI: 0.74, 0.94).
Results were similar for heart failure, e.g., a 10-unit higher score in more
recent diet indices (AHEI-2010, HEI-2010, HEI-2015) was associated
with 17–18% lower risk of heart failure. Results were also similar for the
composite outcome of cardiovascular diseases in that a 10-unit higher

score for all of the diet indices was significantly associated with a 10–
13% lower risk of cardiovascular disease in the continuous analyses. In
contrast, there were no significant associations between the diet indices
and incident stroke.

In terms of the strength of the association, the more recent diet in-
dices were similarly associated with cardiovascular disease, stroke, and
heart failure relative to HEI-1990 (SUR P values for difference >0.05)
(Table 3). AHEI-2000 (SUR P value for difference = 0.03), HEI-2010
(SUR P value for difference = 0.04), and HEI-2015 (SUR P value for
difference = 0.01) were more strongly associated with coronary artery
disease than HEI-1990, whereas HEI-2005 (SUR P value for differ-
ence = 0.21) and AHEI-2010 (SUR P value for difference = 0.08) were
similar to HEI-1990 with respect to the strength of the association with
coronary artery disease.

Discussion

In this prospective study of 3267 adult men and women in the FHS Off-
spring cohort, we found that more recent versions of the diet indices
designed to evaluate diet quality on the basis of adherence to the DGAs
(HEI-2010, HEI-2015, and AHEI-2000) were more strongly associated
with incident coronary artery disease than the original HEI (HEI-1990).
The more recent versions of the diet indices were not significantly dif-
ferent in the strength of their association with the other outcomes, in-
cluding the composite outcome of cardiovascular diseases, stroke, and
heart failure.

Our findings are consistent with a recent analysis in the Atheroscle-
rosis Risk in Communities study demonstrating a 16% lower risk of car-
diovascular disease for those in the highest compared with the lowest
quintile, and similar results were reported for AHEI-2010, the alter-
native Mediterranean diet score, and the Dietary Approaches to Stop
Hypertension (DASH) diet score (15). Aside from this 1 publication
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TABLE 3 Risk of cardiovascular disease outcomes according to tertile and continuous dietary guideline adherence indices1

Tertile of dietary guideline adherence indices

Index Tertile 1 Tertile 2 Tertile 3 P-trend2 Continuous (per 10 points) P-difference3

Cardiovascular disease4

HEI-1990 1 [Ref] 0.83 (0.68, 1.03) 0.76 (0.61, 0.94) 0.01 0.90 (0.82, 0.99) —
AHEI-2000 1 [Ref] 0.87 (0.71, 1.07) 0.71 (0.57, 0.89) 0.003 0.88 (0.80, 0.96) 0.73
HEI-2005 1 [Ref] 0.94 (0.76, 1.17) 0.75 (0.59, 0.94) 0.01 0.87 (0.77, 0.99) 0.32
AHEI-2010 1 [Ref] 0.81 (0.66, 0.99) 0.77 (0.63, 0.96) 0.02 0.90 (0.82, 0.98) 0.87
HEI-2010 1 [Ref] 0.85 (0.69, 1.04) 0.81 (0.65, 1.01) 0.06 0.89 (0.81, 0.99) 0.91
HEI-2015 1 [Ref] 0.76 (0.62, 0.94) 0.73 (0.59, 0.91) 0.004 0.87 (0.79, 0.96) 0.40

Coronary artery disease
HEI-1990 1 [Ref] 1.07 (0.82, 1.40) 0.96 (0.72, 1.27) 0.76 0.97 (0.86, 1.09) —
AHEI-2000 1 [Ref] 0.99 (0.76, 1.27) 0.61 (0.45, 0.82) 0.002 0.84 (0.75, 0.95) 0.03
HEI-2005 1 [Ref] 0.83 (0.63, 1.09) 0.75 (0.56, 1.00) 0.05 0.90 (0.77, 1.05) 0.21
AHEI-2010 1 [Ref] 0.81 (0.62, 1.05) 0.67 (0.50, 0.88) 0.005 0.86 (0.77, 0.95) 0.08
HEI-2010 1 [Ref] 0.71 (0.54, 0.93) 0.67 (0.51, 0.89) 0.004 0.84 (0.74, 0.95) 0.04
HEI-2015 1 [Ref] 0.68 (0.52, 0.90) 0.68 (0.51, 0.89) 0.004 0.83 (0.74, 0.94) 0.01

Stroke
HEI-1990 1 [Ref] 0.723 (0.49, 1.10) 0.83 (0.56, 1.23) 0.37 0.97 (0.81, 1.16) —
AHEI-2000 1 [Ref] 0.81 (0.54, 1.23) 1.13 (0.75, 1.68) 0.55 1.00 (0.84, 1.19) 0.70
HEI-2005 1 [Ref] 1.15 (0.77, 1.71) 0.79 (0.51, 1.22) 0.27 0.88 (0.70, 1.10) 0.26
AHEI-2010 1 [Ref] 0.82 (0.54, 1.23) 1.06 (0.72, 1.57) 0.74 1.00 (0.85, 1.17) 0.67
HEI-2010 1 [Ref] 0.75 (0.50, 1.12) 0.78 (0.52, 1.15) 0.21 0.88 (0.73, 1.06) 0.39
HEI-2015 1 [Ref] 0.84 (0.57, 1.24) 0.70 (0.47, 1.05) 0.09 0.88 (0.74, 1.05) 0.28

Heart failure
HEI-1990 1 [Ref] 0.77 (0.53, 1.12) 0.77 (0.54, 1.12) 0.19 0.88 (0.75, 1.04) —
AHEI-2000 1 [Ref] 0.87 (0.61, 1.24) 0.79 (0.54, 1.15) 0.22 0.85 (0.73, 1.00) 0.85
HEI-2005 1 [Ref] 0.79 (0.55, 1.13) 0.69 (0.47, 1.00) 0.05 0.81 (0.66, 1.00) 0.53
AHEI-2010 1 [Ref] 0.71 (0.50, 1.01) 0.66 (0.46, 0.94) 0.02 0.83 (0.72, 0.96) 0.62
HEI-2010 1 [Ref] 0.62 (0.43, 0.89) 0.63 (0.44, 0.90) 0.01 0.83 (0.70, 0.98) 0.72
HEI-2015 1 [Ref] 0.48 (0.33, 0.70) 0.65 (0.46, 0.91) 0.01 0.82 (0.70, 0.96) 0.46

1Data presented as HRs (95% CIs) were calculated from multivariable adjusted Cox proportional hazard regression models adjusted for demographics (age, sex), health
behaviors (cigarette smoking), anthropometrics (BMI), health status (diabetes status, hypertension status, HDL cholesterol, and non-HDL cholesterol), total energy intake,
antihypertensive medication, and lipid-lowering medication. AHEI, Alternative Healthy Eating Index; HEI, Healthy Eating Index.
2P value from test of trend across tertiles.
3P value for seemingly unrelated regression for the dietary guideline adherence index compared with HEI-1990.
4Cardiovascular disease is a composite outcome consisting of coronary artery disease, stroke, and heart failure.

that included HEI-2015, to our knowledge prior work on this topic
has been limited to comparing the 2010 versions of the HEI and AHEI
scores, DASH diet score, and alternative Mediterranean diet score in
multiple cohorts, including the NIH-American Association of Retired
Persons (AARP) Diet and Health Study, the Multiethnic Cohort, and
the Women’s Health Initiative-Observational Study (4). The results of
these studies were qualitatively similar for the diet indices and mortal-
ity across cohorts, with higher diet quality associated with lower risk
of cardiovascular mortality and all-cause mortality. Our findings, us-
ing scores updated over time to reflect modifications in the DGAs, were
similar to those of these previous studies in that higher adherence to
the diet scores were associated with lower risk of incident cardiovascu-
lar disease, coronary artery disease, and heart failure events, particularly
for the newer versions of the diet indices.

In the present study, we focused on several cardiovascular disease
outcomes, given the clinical significance of these endpoints and the high
quality of data collection for these outcomes, as a primary focus of the
FHS. However, it is important to note that the DGAs were created to
optimize health and reduce disease risk from not only cardiovascular
disease but also other outcomes of concern. These health priorities have
changed over time, with a more recent focus on achieving energy bal-

ance and a healthy eating pattern, and preventing chronic disease events
in response to changes in diet-related health concerns in the United
States (2, 16).

An interesting finding in the present analysis was that more re-
cent indices—specifically, AHEI-2000, HEI-2010, and HEI-2015—were
more strongly associated with coronary artery disease than the original
index that assessed adherence to the DGAs (HEI-1990). This observa-
tion may be due to the fact that more recent indices preferentially repre-
sent dietary components that are related to coronary artery disease risk.
Coronary artery disease is highly prevalent and the primary cause of
cardiovascular death in the United States, and coronary artery disease
may be the predominant outcome in the body of scientific literature on
diet and cardiovascular disease on which the DGAs were designed (17).
The stronger associations with coronary artery disease with later indices
compared with HEI-1990 may have also been in part due to the struc-
tural changes in the indices, which are described below.

By applying all available diet indices of the DGAs to a single dataset,
we were able to compare composition and scoring of the diet indices
over time. Total fruits and total vegetables have consistently been a com-
ponent in all indices, and sodium was a component of nearly all diet in-
dices. In contrast, the manner by which grains, types of protein, types
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of fat, and so-called “empty calories” were classified changed over the
time period assessed. The diet indices have also differed in how they in-
corporate total energy intake, by using different thresholds for number
of servings in the case of HEI-1990, by using nutrient density estimates
of each component (e.g., grams of nutrient per 1000 kcal; percentage of
total energy contributed by that nutrient) in the case of HEI-2005, HEI-
2010, and HEI-2015, or by not incorporating total energy intake in the
case of AHEI-2000 and AHEI-2010. Another important difference is
that the weights assigned to each variable (components of the diet in-
dices) were different. The diet indices may be more strongly associated
with cardiovascular disease risk and other outcomes by weighting the
components of the scores based on the strength of their association with
chronic disease outcomes, similar to how current cardiovascular disease
risk calculators are created (18).

More recent versions of the DGAs, and the 2015–2020 edition in par-
ticular, have emphasized eating patterns more so than individual food
groups and nutrients (19). However, the HEI and AHEI quantify in-
take of foods and nutrients. Similarly, other diet scores, such as the
DASH diet, Mediterranean diet, and plant-based diet, might also be ap-
propriate indices for assessing adherence to the more recent guidelines
(20–27).

The main strength of the present study was that we quantified all
6 available versions of the HEI and AHEI to assess adherence to the
DGAs within a single population. This approach allowed for a di-
rect comparison of these indices in terms of their scoring strategies
and their association with multiple cardiovascular outcomes. Exten-
sive long-term follow-up information was available on the study par-
ticipants, which allowed for the ascertainment of a substantial num-
ber of events for multiple cardiovascular disease outcomes. However,
there were fewer stroke events than heart failure and coronary artery
disease events. While the magnitudes of the associations between some
diet indices and stroke were similar to those for coronary artery dis-
ease, the CIs were wider for stroke. Future research in studies with more
stroke events may be useful to determine whether our observed associ-
ations between diet indices and other cardiovascular disease outcomes
can be extended to stroke. We were able to account for multiple po-
tential confounding factors using rigorously collected data on baseline
characteristics of the study participants. However, diet quality is cor-
related with other health behaviors, and we may not have been able to
adequately measure and account for these related confounding factors.
As is the case for any observational study, we cannot rule out the pos-
sibility of residual confounding explaining at least part of the observed
associations. Since the present study was conducted in a single cohort
of participants from a single study site, the external validity of the find-
ings is limited to primarily Caucasian US men and women with similar
characteristics.

In conclusion, more recent iterations of diet indices, reflect-
ing updates to the DGAs over time, were more strongly associated
with incident coronary artery disease than the original diet index
(HEI-1990). The indices developed to assess adherence to the DGAs
may not sufficiently reflect modifications to the DGAs over time, which
have primarily consisted of more nuanced classifications of protein
sources, degree of grain refinement, types of fats, and inclusion of empty
calories. Development and adjudication of alternate approaches to as-
sess adherence to the DGAs by modifying the weights of individual food

components or restructuring to assess overall dietary patterns might im-
prove their usefulness.
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