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Abstract
Objective: The objective of this study was to assess the prospective association
between diet quality, as well as a 6-year change in diet quality, and risk of incident
CVD and diabetes in a community-based population.
Design: We used Cox regression models to estimate the prospective association
between diet quality, assessed using the Healthy Eating Index (HEI)-2015 and
the Alternative HEI (AHEI)-2010 scores, as well as change in diet quality, and inci-
dent CVD and diabetes.
Setting: The ARIC Study recruited 15 792 black and white men and women (45–64
years) from four US communities.
Participants: We included 10 808 study participants who reported usual dietary
intake via FFQ at visit 1 (1987–1989) and who had not developed CVD, diabetes,
or cancer at baseline.
Results:Overall, 3070 participants developed CVD (median follow-up of 26 years)
and 3452 developed diabetes (median follow-up of 22 years) after visit 1. Higher
diet score at the initial visit was associated with a significantly lower risk of CVD
(HR per 10 % higher HEI-2015 diet quality score: 0·90 (95 % CI: 0·86, 0·95) and HR
per 10 %higher AHEI-2010 diet quality score: 0·96 (95 %CI: 0·93, 0·99)).We did not
observe a significant association between initial diet score and incident diabetes.
There were no significant associations between change in diet score and CVD or
diabetes risk in the overall study population.
Conclusions: Higher diet quality assessed using HEI-2015 and AHEI-2010 was
strongly associatedwith lower CVD risk but not diabetes risk within amiddle-aged,
community-based US population.
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CVD remains the leading cause of death and amajor cause
of morbidity in the US and globally(1). As a potent risk fac-
tor for CVD, diabetes mellitus is one of the fastest growing
diseases(2). From 1988 to 2010, the prevalence of diabetes
has increased substantially and 21 million adults are
affected in the USA(3). Diet is an important modifiable risk
factor for chronic diseases, including both CVD and dia-
betes mellitus(4). Evidence from both observational stud-
ies and clinical trials has accumulated over the past two
decades, highlighting the importance of individual
nutrients, foods, and dietary patterns for CVD and diabe-
tes prevention and management(5–9).

The 2015–2020 Dietary Guidelines for Americans out-
line recommendations for dietary intake for the US popu-
lation. As measures of diet quality, the Health Eating
Index (HEI) assesses adherence to the dietary guidelines

and the Alternative Healthy Eating Index (AHEI) assesses
dietary components that have been associated with a lower
risk of chronic diseases(9). A series of studies conducted in
large, US-based, multi-ethnic cohorts have demonstrated
that higher levels of diet quality, assessed using the 2010
version of the HEI and the AHEI, were associated with a
lower risk of diabetes, CVD, and mortality from CVD,
cancer, or all causes combined(9–15). HEI-2015 is the latest
iteration of the index andwas updated with the most recent
(2015–2020) Dietary Guidelines(16,17). A higher HEI-2015
score was related to lower mortality risk in a multi-ethnic
population(18). However, the association between diet
quality measured by HEI-2015 and the incidence of diabe-
tes and CVD has not been evaluated.

Previous research has identified an improvement in
dietary intake in the USA over the past few decades, with
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an increased consumption of whole grains, fruits and
vegetables, but overall diet quality remains far from
optimal(19–21). There is limited evidence on individual-level
change in diet quality and subsequent health outcomes. In
studies of predominantly Caucasian nurses and other
health professionals in the USA, deterioration of diet quality
was associated with an elevated risk of CVD and diabetes,
and improvement in diet quality was associated with a
lower risk of CVD and diabetes(22,23). It is not known
whether these findings can be extended to other segments
of the US population.

The objective of the present study was to assess the pro-
spective association between diet quality, as well as a
6-year change in diet quality, and subsequent risk for
incident CVD and diabetes in a community-based popula-
tion of men and women, both black and white.

Methods

Study population and design
The Atherosclerosis Risk in Communities (ARIC) Study is
a community-based, prospective cohort study, which
recruited 15 792 participants aged 45 to 64 years at baseline
from four US communities (Washington County, Maryland;
Forsyth County, North Carolina; Jackson, Mississippi; and
Minneapolis, Minnesota)(24). The first study visit occurred
in 1987 to 1989. Follow-up examination visits were con-
ducted in 1990 to 1992 (visit 2), 1993 to 1995 (visit 3),
1996 to 1998 (visit 4), and 2011 to 2013 (visit 5). Annual
follow-up telephone calls were also conducted from 1987.

In this prospective analysis of the ARIC Study, we exam-
ined the association between initial diet quality (at visit 1) as
well as diet quality change from visit 1 to visit 3 and incident
CVD and incident diabetes. Participants who developed
diabetes, CVD or cancer at baseline were excluded
(n 3738). We also excluded participants with implausible
energy intake (<2510 kJ (<600 kcal) or >17 573 kJ
(>4200 kcal) per day for men and <2092 kJ (<500 kcal)
or >15 062 kJ (>3600 kcal) per day for women) (n 256),
missing dietary data (n 71), neither white nor African
American participants from Minneapolis, Minnesota and
Washington County, Maryland (n 80), missing covariates
(age, sex, physical activity, smoking status, education,
BMI, estimated glomerular filtration rate (eGFR) level,
hypertension, and hypercholesterolaemia status) (n 642),
and missing CVD or diabetes diagnosis (n 197). A total
of 10 808 participants were included in the analysis
of diet quality (visit 1) and incident CVD and diabetes
(Supplemental Figure 1A).

For the analysis of change in diet quality, incident CVD
and incident diabetes, we excluded participants with
prevalent diabetes, CVD, or cancer prior to visit 3
(n 4228) from the 12 887 participants who attended visit 3.

We also excluded participants with implausible energy
intake (n 403), missing dietary data (n 117), neither white
nor African American, or African American participants
from Minneapolis, Minnesota and Washington County,
Maryland (n 51), missing covariates (n 509) measured at
visit 3, and missing CVD or diabetes diagnosis (n 152). A
total of 7427 participants were included in the analysis of
change in diet quality, incident CVD and incident diabetes
(Supplemental Figure 1B).

Dietary intake assessment
Dietary intake was assessed at visit 1 and visit 3 using a vali-
dated semi-quantitative 66-item FFQ, which was modified
from the Willett FFQ(25–27). Participants were asked to
report the average frequency of each food item they con-
sumed of a particular portion size in the preceding year.
Nutrient intake was calculated by multiplying self-reported
frequency of consumption and portion size by the nutri-
tional content of each food item using US Department of
Agriculture data sources.

The Healthy Eating Index (HEI)-2015 and the
Alternative Healthy Eating Index (AHEI)-2010 were used
to represent diet quality and adherence to healthy eating
for chronic disease prevention. HEI-2015 is the latest itera-
tion of the index and was designed to assess adherence to
the 2015–2020 Dietary Guidelines for Americans(16,17). It
consists of thirteen components that sum to a total maxi-
mum score of 100 points: total fruits, whole fruits, total
vegetables, greens and beans, whole grains, dairy, total
protein foods, seafood and plant proteins, fatty acids,
refined grains, sodium, added sugars, and saturated fats.
In the AHEI-2010, which was created to reflect foods
and nutrients that have been consistently associated
with a lower risk of chronic diseases, there are 11 food
components that sum to a total maximum score of 110:
vegetables, fruits, whole grains, nuts and legumes,
long-chain n–3 fatty acids, PUFA (excluding long-chain
n–3 fatty acids), red/processed meat, sugar-sweetened
beverages and fruit juice, trans fat, sodium, and
alcohol(9,23).

Diet quality at visit 1 was classified using quintiles of
HEI-2015 and AHEI-2010 scores. We categorized change
in diet quality scores over a six-year period from visit 1
to visit 3 as follows: large decrease in the diet quality score
(<–10 %), small to moderate decrease (≥–10 % to <–3 %),
no change or stable (–3 % to þ3 %), small to moderate
increase (>þ3 % to ≤þ10 %), and large increase
(>þ10 %). We also expressed change in diet quality using
nine categories representing consistently low diet quality,
consistently moderate diet quality, consistently high diet
quality, and inconsistent diet quality scores (low to moder-
ate; low to high; moderate to high; moderate to low; high to
moderate; high to low).
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Ascertainment of incident CVD
We defined incident CVD as the first occurrence of any of
the following: CHD (including hospitalized myocardial
infarction, fatal CHD); definite or probable stroke; or
died or hospitalized with an ICD-9 code for heart failure.
Details of incident events have been previously
described(24,28). Briefly, events were identified through
cohort annual telephone follow-up, active community sur-
veillance, and linkage with vital statistics databases
(National Death Index) for fatal CVDevents. The event date
was defined as the date of first hospital discharge with CVD
diagnosis or death due to CVD.Outcomeswere ascertained
from baseline, which was visit 1 for the initial diet quality
exposure, and visit 3 for the change in diet quality expo-
sure, through 31 December 2016. Incident heart failure,
CHD, and stroke were also investigated separately as sec-
ondary outcomes.

Ascertainment of incident diabetes
Incident diabetes in this study was ascertained from visit 1
for the initial diet quality exposure and from visit 3 for the
change in diet quality exposure through 31 December
2016. Incident diabetes was defined as self-report of a
physician diagnosis, current glucose lowering medication
use as determined during ARIC visits and annual follow-
up phone interviews, or elevated blood glucose levels
(fasting glucose ≥2270 mmol/l (≥126 mg/dl) or
non-fasting glucose ≥3604 mmol/l (≥200 mg/dl)) mea-
sured using the hexokinase method during ARIC vis-
its(29,30). For participants with self-reported newly
diagnosed diabetes, the diagnosis date was assigned
to the midpoint between the last visit without diabetes
and the next visit with diabetes; for diabetes defined
by blood glucose levels, the diagnosis date was esti-
mated as the point when the serum glucose concentra-
tion crossed the diabetes cutoffs on a regression line of
glucose concentrations by visit date(31).

Measurement of covariates
Information about age, sex, race-centre, education level,
physical activity, smoking status, family (parental) history
of diabetes, and family (parental) history of CHD or stroke
was collected via structured questionnaires administered to
participants by trained interviewers at study visits. Self-
report of physical activity type, duration, frequency, and
intensity was assessed using the Baecke questionnaire
and leisure-time (sport) physical activity was expressed
as a score ranging from 1 to 5, with 5 being the most
active(32,33).

BMI was calculated as weight (in kilograms) divided by
height (in metres) squared, using measurements taken dur-
ing the study visits. Blood pressure was measured via a
standardized protocol, and the mean of the second and
third of three readings was used. Hypertensionwas defined
as systolic blood pressure ≥140 mmHg, diastolic blood

pressure ≥90 mmHg, or use of blood pressure lowering
medication within the past 2 weeks. Hypercholesterolaemia
was defined as total cholesterol ≥4324mmol/l (≥240mg/dl)
or self-reported use of cholesterol lowering medication
within the past 2 weeks(34). eGFR was calculated using
the Chronic Kidney Disease Epidemiology (CKD-EPI)
2009 equation which incorporates serum creatinine, age,
sex and race(35).

Statistical analysis
We used descriptive statistics to report the overall HEI-2015
and AHEI-2010 diet quality scores as well as the scores and
intake amounts of specific food and nutrient components of
these diet quality scores at visit 1 and visit 3. Differences in
total diet scores and scores for individual food items between
visit 1 and visit 3 were evaluated using paired t-tests. Study
participant characteristics at visit 1 were reported across
quintiles of diet quality at visit 1.We also reported participant
characteristics at visit 3 as well as the average change in
intake for each component according to categories of change
in diet quality. Differences in participant characteristics
across quintiles of diet quality and categories of change in
diet quality were tested using ANOVA for continuous
variables and Pearson’s chi-squared test for dichotomous
and categorical variables.

Cox proportional hazard regression was used to
estimate hazard ratios (HR) and 95 % CI for the association
between initial (visit 1) diet quality (HEI-2015,
AHEI-2010) and incident CVD and incident diabetes,
incorporating time to event. We also used Cox proportional
hazard regression to estimate the association between
change in diet quality and incident CVD and diabetes.
Time since baseline (which was visit 1 for analysis of initial
diet quality and visit 3 for the analysis of change in diet
quality) was used as the timemetric. Person-years were cal-
culated by using time from baseline visit date until an event,
loss to follow-up, or 31 December 2016, whichever
occurred first. Trend was tested using an ordinal variable
for quintile of diet quality score in Cox regression. The pro-
portional hazards assumption for Cox regression models
was checked by using Schoenfeld residuals (estat phtest
command in Stata), and no major violations were detected.

Different regression models were developed to account
for potential confounders. For the analyses of initial diet
score as the exposure, we developed these models.
Model 1 was adjusted for age (continuous), sex, race-centre,
education level (<high school, high school, >high school),
family history of diabetes (yes/no), family history of CHD or
stroke (yes/no), smoking status (current/former/never
smoker), physical activity (quintile), and total energy intake
(quintile). We used a combined term for race and centre
given the non-uniform distribution of racial groups across
centres in the ARIC study. Model 2 was additionally adjusted
for hypertension status (yes/no), hypercholesterolaemia
status (yes/no), and eGFR (quintile). InModel 3,we adjusted
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for all the covariates in Model 2 plus BMI category (<25,
≥25–<30, ≥30 kg/m2). In addition, levels in alcohol intake
were included as a covariate in models for HEI-2015, but
not for AHEI-2010, since alcohol intake was a component
of the AHEI-2010 score.

For the analyses of change in diet quality as the expo-
sure, we adjusted for the same covariates measured at visit
3 (visit 1 eGFR level was used because serum creatinine
was not measured at visit 3), and additionally adjusted
for the initial diet quality score (quintile), change in smok-
ing status (categorical), change in physical activity (quin-
tile), change in total energy intake (quintile), and change
in BMI (quintile).

In order to separate the risk associated with the initial
diet score level from change in diet quality, we conducted
two analyses: (i) an analysis of diet trajectories in which we
categorized both visit 1 and visit 3 diet quality scores as low,
moderate, or high using tertiles, and (ii) a stratified analysis
by category of initial (visit 1) diet quality score categorized
as low, moderate, or high using tertiles.

To assess the robustness of our findings, we conducted
subgroup analyses according to sex, race, education level
and BMI category. Effect modification by these factors was
assessed by conducting tests of interaction.

All analyses were conducted using the statistical soft-
ware package Stata version 14. Statistical significance
was assessed using a two-sided probability of alpha-level
of 0·05.

Results

Baseline characteristics according to initial diet
quality (visit 1)
Among the 10 808 participants in the analytic study popu-
lation, the mean age at baseline was 53·7 (SD 5·7) years,
23·3 % were black, and 56·1 % were women. Participants
with higher HEI-2015 diet quality score were more likely
to be older, female, white, more highly educated, not cur-
rent smokers, had lower alcohol intake, had a higher level
of physical activity, and were more likely to have hyper-
cholesterolaemia (Table 1). Mean baseline weight and
BMI were lower among those who had a higher diet quality
score. Similar patterns were observed across quintiles of
AHEI-2010 score.

There was a substantial difference in intake of each
component across quintiles of initial diet quality score
for HEI-2015 (Supplemental Table 1) and AHEI-2010
(Supplemental Table 2). For example, dietary intake of
total fruit was higher in the highest v. lowest quintile of
HEI-2015 (quintile 5: 0·54 cup equivalents/1000 kJ v.
quintile 1: 0·18 cup equivalents/1000 kJ (quintile 5: 2·28
cup equivalents/1000 kcal v. quintile 1: 0·75 cup equiva-
lents/1000 kcal)). Similar patterns were observed for
AHEI-2010, e.g. dietary intake of fruit was 2·15 servings/d
in quintile 5 v. 0·80 servings/d in quintile 1.

Change in diet quality
There was a small, but statistically significant increase in
mean diet quality scores over the six-year period for
HEI-2015 (visit 1: 71·0 (SD 8·7), visit 3: 72·9 (SD 8·4);
Supplemental Table 3) and AHEI-2010 (visit 1: 50·7
(SD 12·1), visit 3: 52·4 (SD 11·3); Supplemental Table 4)
(both P < 0·001). Scores for the consumption of fruit and
vegetables were significantly higher at visit 3 relative to
visit 1. For HEI-2015, participants had significant
improvements in diet scores for greens and beans, fatty
acids, added sugars, and saturated fats, and a decrease in
diet component scores for total protein foods and sea-
food/plant proteins. For AHEI-2010, diet component
scores increased over time for red/processed meat, trans
fat, and long-chain (n–3) fats, and scores decreased over
time for PUFA, sodium and alcohol. Those participants
with a large (>10 %) increase in HEI-2015 score reduced
added sugars by 1·5 % of energy and reduced saturated
fat by 3·0 % of energy (Supplemental Table 5). Those par-
ticipants with a large increase in AHEI-2010 score increased
their intake of n–3 fatty acids by 58·1 mg/d and increased
their intake of sodium by 24·4 mg/d on average
(Supplemental Table 6).

Baseline characteristics (visit 3) according to
change in diet quality
Participants with an increase inHEI-2015 diet quality scores
had lower diet quality scores at visit 1, were more likely to
be younger, male, and black (Supplemental Table 7). Mean
weight and BMI at visit 3 were the lowest for those with
stable or small-to-moderate increase in diet quality. On
average, weight and BMI increased over the six-year
period, but participants with a large increase in diet quality
tended to have less weight gain. Similar patterns, although
less noticeable differences, were observed across the five
categories of change in AHEI-2010 score.

Initial diet quality and incident CVD and diabetes
A total of 3080 participants developed CVD and 3452
developed incident diabetes after visit 1 during a median
follow-up of 26 years and 22 years, respectively. The
overall crude CVD incidence rate was 13·1 per 1000
person-years (95 % CI: 12·6, 13·6 per 1000 person-years).
The crude incidence rate for diabetes was 16·9 per 1000
person-years (95 % CI: 16·4, 17·5 per 1000 person-years).

Higher initial diet quality score was significantly associ-
ated with a 16 % to 21 % reduced risk of incident CVD
(HEI-2015: HR for quintile 5 v. 1, 0·79; 95 % CI: 0·70,
0·91; AHEI-2010: HR for quintile 5 v. 1, 0·84; 95 % CI:
0·74, 0·95) in Model 3, which adjusted for age, sex,
race-centre, education, family history of diabetes, family
history of CHD/stroke, smoking status, physical activity,
alcohol intake (only for HEI-2015), total energy intake,
hypertension status, hypercholesterolaemia status, eGFR,
and BMI category (Table 2). There was a significant inverse
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Table 1 Baseline (visit 1, 1987–1989) characteristics of participants by quintiles of initial diet quality score

Characteristic

HEI-2015 AHEI-2010

Quintile 1 Quintile 3 Quintile 5

P value

Quintile 1 Quintile 3 Quintile 5

P valuen or mean % or SD n or mean % or SD n or mean % or SD n or mean % or SD n or mean % or SD n or mean % or SD

Participants, n 2162 2161 2161 2162 2161 2161
Diet score 58·2 4·4 70·7 1·2 82·5 3·6 <0·001 62·7 7·0 70·5 6·8 78·4 6·8 <0·001
Energy intake (kJ/d) 7385 2837 6920 2473 6096 2071 <0.001 7146 2623 6657 2594 6878 2301 <0.001
Age (years) 53·1 5·6 53·7 5·7 54·5 5·7 <0·001 53·0 5·6 53·7 5·7 54·3 5·7 <0·001
Female 889 41·1 1250 57·8 1498 69·3 <0·001 961 44·4 1206 55·8 1416 65·5 <0·001
Black 520 24·1 597 27·6 378 17·5 <0·001 573 26·5 555 25·7 328 15·2 <0·001
Education level
<high school 644 29·8 438 20·3 257 11·9 <0·001 546 25·3 456 21·1 268 12·4 <0·001
≥high school 1518 70·2 1723 79·7 1904 88·1 1616 74·7 1705 78·9 1893 87·6

Smoking status
Current smoker 802 37·1 519 24·0 345 16·0 <0·001 667 30·9 566 26·2 424 19·6 <0·001
Former smoker 668 30·9 625 28·9 763 35·3 622 28·8 648 30·0 811 37·5
Never smoker 692 32·0 1017 47·1 1053 48·7 873 40·4 947 43·.8 926 42·9

Physical activity index 2·3 0·7 2·4 0·8 2·7 0·8 <0·001 2·3 0·8 2·5 0·8 2·7 0·8 <0·001
Alcohol intake (drinks/d) 0·6 1·2 0·4 1·0 0·3 0·6 <0·001 0·5 1·3 0·5 0·9 0·5 0·8 0·002
Weight (lb) 173·6 36·2 170·4 35·5 162·8 33·5 <0·001 174·6 36·1 170·3 35·7 165·5 34·3 <0·001
BMI (kg/m2) 27·1 5·0 27·3 5·0 26·6 4·9 <0·001 27·4 5·2 27·2 5·1 26·8 4·8 <0·001
BMI level
<25 kg/m2 792 36·6 729 33·7 943 43·6 <0·001 758 35·1 783 36·2 821 38·0 0·007
≥25–<30 kg/m2 829 38·3 910 42·1 790 36·6 870 40·2 862 39·9 894 41·4
≥30 kg/m2 541 25·0 522 24·2 428 19·8 534 24·7 516 23·9 446 20·6

Hypertension 610 28·2 699 32·3 649 30·0 0·01 651 30·1 682 31·6 607 28·1 0·02
Hypercholesterolaemia 500 23·1 525 24·3 581 26·9 0·02 504 23·3 551 25·5 588 27·2 <0·001
eGFR (ml/min per 1·73m2) 103·0 14·6 103·3 14·9 102·1 13·3 0·02 103·2 15·0 103·3 15·0 101·6 13·2 <0·001
Family history of diabetes 488 25·4 467 23·9 465 23·2 0·42 470 24·1 507 25·6 464 23·2 0·52
Family history of CHD/stroke 1192 61·9 1209 62·4 1254 63·1 0·10 1177 60·9 1194 60·7 1244 63·2 0·32

Continuous variables are presented as mean and SD, categorical variables as n and %.
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trend in CVD risk across quintiles of HEI-2015 diet quality
score (P trend < 0·001) and across quintiles of AHEI-2010
diet quality score (P-trend = 0·03). There was a 10 % lower
risk of CVD per 10 % higher HEI-2015 score (HR, 0·90; 95 %
CI: 0·86, 0·95) and a 4 % lower risk of CVD per 10 % higher
AHEI-2010 score (HR, 0·96; 95 % CI: 0·93, 0·99).

These findings for HEI-2015 and CVD were generally
consistent with the results for AHEI-2010 and specific types
of CVD (incident heart failure, CHD, and stroke), and were
most pronounced for stroke (HR, 0·65; 95 % CI: 0·51, 0·84;
Fig. 1). For AHEI-2010, there was a significant trend for
increasing quintiles and lower risk of heart failure (HR,
0·83, 95 % CI: 0·70, 0·97; P trend = 0·04), but not for CHD
or stroke. We did not observe a significant association
between initial diet quality score (both HEI-2015 and
AHEI-2010) and incident diabetes.

Diet quality change and incident CVD and
diabetes
We documented 1794 CVD cases and 1984 diabetes cases
after visit 3 during a median follow-up of 20 years and 18
years, respectively. The crude CVD incidence rate after visit
3 was 13·7 per 1000 person-years (95 % CI: 13·1, 14·3 per
1000 person-years). The crude incidence rate after visit 3
of diabetes was 17·2 per 1000 person-years (95 % CI:
16·4, 17·9 per 1000 person-years).

There were no statistically significant associations
between change in diet score and CVD risk based on
HEI-2015, except for a slightly higher risk among thosewith
a large increase in AHEI-2010 compared with the stable
group by AHEI-2010 (HR, 1·22; 95 % CI: 1·02, 1·47)
(Supplemental Table 8). There was also no statistically sig-
nificant association between change in diet quality and dia-
betes risk in the fully adjustedmodel (Supplemental Table 9).
We observed an association between a large decrease in
AHEI-2010 score and incident diabetes after adjusting for
demographic characteristics, socio-economic factors, fam-
ily history of disease, lifestyle factors, and initial diet quality
score in Model 1 (HR, 1·22; 95 % CI: 1·02, 1·46), but the
association was attenuated and no longer statistically sig-
nificant after accounting for change in other health behav-
iours in Model 2 and further adjustment for confounders in
Models 3 and 4.

Compared with the participants with consistently high
HEI-2015 scores over the six-year change period, partici-
pants who decreased from the highest to the lowest tertile
had a 40%higher risk of incident diabetes (HR, 1·40; 95%CI:
1·01, 1·96) in the fully adjusted model (Supplemental
Tables 10). Additionally, there was a significant increased
risk of diabetes for those participants who had a decrease
in diet quality from the highest to the moderate tertile for
AHEI-2010 over the six-year change period compared with
those with consistently high diet quality (HR, 1·22; 95 % CI:
1·01, 1·48). No significant associations were observed forT
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the nine categories of change in diet quality (for both
HEI-2015 and AHEI-2010) and CVD risk.

For the analysis stratified by initial diet quality score,
there was no significant associations for categories of
change in diet quality and risk of CVD (Supplemental
Table 11). Among those with a high initial HEI-2015 score,
a large increase in diet quality (>10 %) was significantly
associated with a lower risk of diabetes (Model 4 HR,
0·44; 95 % CI: 0·26, 0·78) (Supplemental Tables 12).

Subgroup analyses
The inverse association between diet quality score at visit 1
and incident CVD was consistent across subgroups by sex,
race, education level, and BMI categories using HEI-2015
and AHEI-2010 (all P values for interaction >0·05)
(Supplemental Figure 2).

Discussion

In the present study, higher initial diet score was associated
with a significantly lower risk of incident CVD, but not
significantly associated with incident diabetes within a
community-based population of middle-aged men and
women, black and white. This relationship was consistent
across population subgroups, including sex, race, educa-
tion level and BMI category. Diet quality slightly improved
over a six-year period between the late 1980s and the
1990s, but there was no consistent and significant associa-
tion between change in diet quality and risk of incident
CVD or incident diabetes in the overall study population.

Our findings are partially consistent with previous
research. In line with previous epidemiologic studies using
the earlier version of HEI and AHEI-2010 diet scores, we

observed a strong association between the higher diet qual-
ity and reduced risk of CVD using both the HEI-2015 and
AHEI-2010(5–9). Although HEI and AHEI diet scores were
developed for slightly different purposes, they both capture
essential elements of a high quality diet(22), including
healthy foods, such as fruits, vegetables, whole grains
and unsaturated fats, as well as potentially detrimental
foods and nutrients, such as sodium. There was a stronger
and more consistent dose–response relationship between
HEI-2015 and CVD risk than AHEI-2010, especially for
the secondary outcomes of heart failure and stroke. A pos-
sible explanation might be the fact that HEI-2015 and
AHEI-2010 vary with respect to their components and
optimal cut-offs. Compared with AHEI-2010, HEI-2015
has a separate component for protein from seafood
and plant sources. Previous research has shown that
seafood and plant protein was significantly associated
with a lower risk of CVD compared with other food
sources of protein(36). In AHEI-2010, there was no sepa-
rate component for seafood. The stronger association
between HEI-2015 and CVD might be driven by sepa-
rately accounting for different food sources of protein.

Previous analyses conducted in the Nurses’ Health
Study (NHS) and the Health Professionals Follow-up
Study (HPFS) have demonstrated that HEI-2005 and
AHEI-2010 were strongly associated with diabetes risk(9).
However, we did not observe such an association between
HEI-2015 and AHEI-2010 score and diabetes risk in the
present analysis of the ARIC Study population. Our findings
are consistent with a previous analysis of HEI-2010 and dia-
betes risk conducted among participants in the Multi-ethnic
Cohort(10). As such, diet quality, as assessed using HEI-2015
and AHEI-2010, may have limited benefit for preventing
diabetes in more diverse, general populations.

HR (95 % CI) P-trend
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(a) (b)

Fig. 1 Risk* of incident CVDand incident diabetes according to quintile of initial diet quality score for HEI-2015 (a) andAHEI-2010 (b).
*Hazard ratios calculated using quintile 1 as reference group, adjusted for age, sex, race-centre, education, family history of diabetes,
family history of CHD/stroke, smoking status, physical activity, alcohol intake (only for HEI), total energy intake, hypertension status,
hypercholesterolaemia status, eGFR, and BMI category (Model 3)
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Few studies have previously investigated the association
between change in HEI-2015 score and CVD or diabetes
risk. Deterioration in diet quality as assessed using
AHEI-2010 was associated with higher risk of CVD and dia-
betes in the NHS and the HPFS populations(22,23). However,
we were not able to replicate these findings for AHEI-2010
in the present study, nor were we able to demonstrate an
association with change in HEI-2015 and cardiometabolic
outcomes. The inconsistency in these findings might be
due to differences in these studies with respect to the
assessment of dietary intake, study populations, and inci-
dence rates. Information on dietary intake was collected
with a 66-item FFQ in ARIC, while a 131-item FFQwas used
in NHS and HPFS. The more detailed FFQ might be better
suited to detect diet quality change than our study. In con-
trast with the participants in the NHS and HPFS who are rel-
atively homogenous with respect to demographic and
socioeconomic status (mostly white and well-educated
health professionals), ARIC Study participants were
enrolled from four distinct US regions representing both
blacks and whites, both men and women, and a relatively
wide range of socioeconomic status as indicated by educa-
tion level. The mean age of ARIC population was also
nearly 4 years older than the age of participants in NHS
and HPFS. The overall incidence rate of CVD in the NHS
and HPFS pooled study population was around 9 per
1000 person-years, which was lower than 13 per 1000
person-years in the present study. The incidence rate of
diabetes was also much lower in the NHS and HPFS pooled
study population than in our study (5 v. 17 per 1000
person-years, respectively). Lifestyle factors, including diet
quality and other important health behaviours, as well as
the general health status among the health professionals
were better than among ARIC Study participants. In our
multivariable regression models, we additionally adjusted
for eGFR as a measure of kidney function, which is an
important predictor for CVD(37), and this confounder was
not accounted for in the NHS and HPFS studies.

Despite the lack of a significant association between
change in diet quality and CVD or diabetes in the present
study, recommending improvement in overall diet quality
is still important. Although the quality of dietary intake
has improved over the recent past in the US, it remains
far from optimal(12). We observed small changes in diet
quality in this observational setting in the late 1980s and
early 1990s, suggesting that population-level strategies
that occurred during this time were not very effective
for modifying dietary intake. Community-, household-, or
individual-level interventions may be necessary to achieve
meaningful change in diet quality. Previous research has
demonstrated that comprehensive lifestyle interventions,
incorporating physical activity and weight loss along with
improving diet quality, improve blood pressure levels and
could reduce the risk of chronic diseases(38).

Our study has several strengths. We conducted the
present study in a community-based population of black

andwhite adults in the US, providing broader generalizabil-
ity relative to previous research on this topic. To provide a
comprehensive analysis of diet quality and cardiometabolic
diseases, we included several important outcomes includ-
ing overall CVD, diabetes, and secondary outcome of heart
failure, coronary heart disease, and stroke. Owing to
repeated assessment of dietary intake, we were able to
quantify the change in diet quality whereas prior studies
have predominantly used a single measure of diet quality.
We used two measures of diet quality, including the latest
version of the HEI to assess adherence to the Dietary
Guidelines for Americans as well as the AHEI-2010, which
assesses relevant aspects of the diet for chronic disease pre-
vention. The study participants in our sample were fol-
lowed for an extended period of time to allow for the
ascertainment of many incident CVD and diabetes cases.

The limitations of this study also deserve consideration.
Self-reported dietary intake by food frequency question-
naire is prone to recall bias and other types of error(36).
In addition, the 66-item FFQ may not have captured the
whole diet. Another limitation is that the sample size in
some sub-groups was small, which reduces the statistical
power to detect significant associations. Finally, although
we adjusted for many potential confounders and
accounted for change in the covariates, we are not able
to rule out the influence of residual and unmeasured con-
founding in this observational study.

In summary, we observed strong associations between
higher diet quality, assessed using HEI-2015 and AHEI-
2010, with lower CVD risk in a community-based popula-
tion of middle-aged black and white, men and women.
There was a slight improvement in diet quality over a
six-year period between the late 1980s and the 1990s.
We did not observe significant and consistent associations
between change in diet quality and CVD or diabetes risk.
Our results provide evidence that adherence to dietary
guidelines confer benefits for CVD prevention within the
general US population. Further research might focus on
determining the possible influence of longer-term change
in diet quality on cardiometabolic diseases in large study
populations.
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