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Background and Aims: Dietary factor plays an important role in the prevention of
cardiovascular disease (CVD). The healthy eating index-2015 (HEI-2015), an indicator of
the overall dietary quality, has been introduced to reflect adherence to the 2015-2020
Dietary Guidelines for Americans (DGA). This study aims to explore the associations of
the HEI-2015 with predicted 10-year CVD risk and heart age among United States
adults aged 30-74 years old using data from the National Health and Nutrition
Examination Survey (NHANES) 2011-2014.

Methods and Results: We conducted a cross-sectional analysis among 6,614
participants aged 30-74 years old. The HEI-2015 scores were calculated from 2-days
24-h dietary recall interviews. The 10-year CVD risk and heart age were derived from
the sex-specific Framingham general cardiovascular disease risk score. We defined
high cardiovascular disease risk as a predicted 10-year cardiovascular disease risk
of > 20%. Multiple linear regression and binary logistic regression models were used to
investigate the associations of the HEI-2015 with predicted 10-year CVD risk and heart
age. Compared with participants in the lowest HEI-2015 quartile, those in the highest
quartile had lower predicted 10-year CVD risk (B = —2.37, 95% CI: —3.09 to -1.65,
P < 0.0001), lower heart age (p = —2.63, 95% ClI: —3.29 to -1.96, P < 0.0001) and
lower odds for high risk of CVD (OR = 0.62, 95% CI: 0.49 to 0.80, P-trend < 0.0001)
after adjusting for multiple covariates.

Conclusion: Higher adherence to the 2015-2020 Dietary Guidelines for Americans is
associated with lower predicted 10-year cardiovascular disease risk and lower heart age
among United States adults.

Keywords: HEI-2015, 10-year CVD risk, heart age, cross-sectional study, NHANES

Abbreviations: CVD, cardiovascular disease; HEI, healthy eating index; DGA, Dietary Guidelines for Americans; NHANES,
National Health and Nutrition Examination Survey; CHD, coronary heart disease; AUC, Area Under Curve; US,
United States; NCHS, National Center for Health Statistics; CDC, Centers for Disease Control and Prevention; HDL-C, high-
density lipoprotein cholesterol; SBP, systolic blood pressure; HbAlc, glycated hemoglobin Alc; WWEIA, What We Eat in
America; USDA, United States Department of Agriculture; DHHS, United States Department of Health and Human Services;
AMPM, Automated Multiple-Pass Method; MEC, Mobile Examination Center; TC, total cholesterol; HHS, Department of
Health and Human Services; BMI, body mass index; SE, standard error; OR, odds ratio; CI, confidence interval; SFA, saturated
fatty acid; MedDiet, Mediterranean diet; DASH, Dietary Approach to Stop Hypertension; USFA, unsaturated fatty acid; NHS,
Nurses’ Health Study; HPFS, Health Professionals Follow-up Study; MEC, Multiethnic Cohort; HDI, Healthy Diet Indicator;
GDR, Global Dietary Recommendations; AHEIL, Alternative Healthy Eating Index; WHO, World Health Organization.
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INTRODUCTION

Cardiovascular disease (CVD) remains the leading cause of death
in the United States in 2018, with coronary heart disease (CHD)
leading the list (42.1%), followed by stroke (17%), hypertension
(11%), heart failure (9.6%), and arterial disease (2.9%) (1). Age,
sex, high blood pressure, smoking, high cholesterol, and diabetes
are recognized as risk factors for CVD (1-4). To help with the
primary prevention of persons at high CVD risk, D’Agostino et al.
developed a model based on the Framingham Heart Study to
assess a person’s absolute risk of developing CVD in the next
10 years. This general CVD risk prediction model was well-
discriminative and calibrated, with a C statistic ranging from
0.76 to 0.79. The C statistic is similar to the area under the
receiver operating characteristic curve (AUC) and it is usually
used to reflect the predictive value for a prediction model (5).
The predicted 10-year CVD risk score is useful for clinicians to
provide treatment recommendations to patients with CVD and
for patients to conduct self-cardiac assessments based on this
model (6). As a new concept derived from the Framingham risk
score, heart age was defined as the chronological age of a person
with the same CVD risk score but other risk factors at the normal
level (5). Compared with 10-year CVD risk, heart age is more
likely to prompt and motivate people to understand CVD risk
factors and improve life behaviors to arouse emotional resonance
(7, 8).

According to the global burden of disease study, the health
care cost of CVD continues to rise in recent years (9, 10). The
direct cost of CVD in the United States was estimated to be as
high as $216 billion in 2016-2017, while cancer costs only $105.6
billion (11). Improving unhealthy dietary behaviors provides
crucial new insights into reducing the risk of CVD and alleviating
the healthcare burden caused by CVD (12, 13). The Healthy
Eating Index (HEI) is updated every 5 years as a comprehensive
measure of diet quality. HEI-2015, the latest version of the HEI,
was developed to evaluate adherence to the 2015-2020 Dietary
Guidelines for Americans (DGA) (14). To date, few studies have
investigated the association between the HEI-2015 score and
CVD risk in the general population (15-17). In this study, we
provide the most recent estimates of the associations between
HEI-2015 and predicted 10-year CVD risk, as well as heart age,
in a representative United States population aged 30-74 years
old, based on combined data from the 2011-2012 and 2013-2014
National Health and Nutrition Examination Surveys (NHANES).

MATERIALS AND METHODS
Study Population

National Health and Nutrition Examination Surveys is a
nationally representative cross-sectional survey conducted by the
National Center for Health Statistics (NCHS) of the Centers for
Disease Control and Prevention (CDC) (18). The Framingham
general CVD risk score was recommended for use in the
30-74 age range (5). Of the participants who completed the
interview (19,931 in the NHANES 2011-2014), we included
8,240 participants aged 30-74 in this study. We further excluded

participants with missing HEI-2015 data (n = 1,043), missing
data for variables for the construction of 10-year CVD risk
score [high-density lipoprotein cholesterol (HDL-C), systolic
blood pressure (SBP), and glycated hemoglobin Alc (HbAlc)]
(n =508), and missing data on covariate (n = 75). A total of 6,614
participants were included in the final analysis. A flow chart of
the sample selection is shown in Figure 1.

Healthy Eating Index-2015 Assessment

The dietary interview component of the National Health and
Nutrition Examination Survey was collected for What We Eat
in America (WWEIA). WWEIA is conducted as a partnership
between the United States Department of Agriculture (USDA)
and the United States Department of Health and Human Services
(DHHS). DHHS is responsible for the survey sample design
and data collection, while USDA is responsible for the dietary
data collection methodology, maintenance of the databases used
to code and process the data, and data review and processing.
The USDA Automated Multiple-Pass Method (AMPM) is used
for collecting 24-h dietary recalls in WWEIA (19). The first
day was conducted face-to-face in the dietary interview room
of the Mobile Examination Center (MEC) and the second day
was collected via telephone 3-10 days later. The food group
of the diet calculation was determined by the USDA Food
Patterns Equivalence Database, and energy or nutrient content
was determined by the USDA Food and Nutrient Database for
Dietary Studies.

The calculation of the HEI-2015 score was not based on the
absolute amount of ingredients but was based on the energy
density per 1,000 kcal (except fatty acids). Fatty acids were scored
as unsaturated fatty acids divided by saturated fatty acids. The
index with a total score ranging from 0 to 100 consists of 13
components: total fruits, whole fruits, total vegetables, greens
and beans, whole grains, dairy, total protein foods, seafood and
plant proteins, fatty acids (nine recommended components to
include in a healthy diet) and refined grains, sodium, added
sugars, and saturated fats (four components that should be
consumed sparingly). Each component is scored separately and
added together to obtain the HEI-2015 total score. Adequacy
components intake is proportional to score, while the moderation
components are the opposite.

Estimation of the 10-Year Cardiovascular

Disease Risk and Heart Age

The endpoint used in the Framingham Heart Study for predicting
CVD risk was a composite outcome including CHD (coronary
death, myocardial infarction, coronary insufficiency, and angina),
cerebrovascular events (including ischemic stroke, hemorrhagic
stroke, and transient ischemic attack), peripheral artery disease
(intermittent claudication), and heart failure (20). The sex-
specific Framingham general CVD risk score is based on age,
sex, total cholesterol (TC), HDL-C, SBP, hypertension treatment
or not, diabetes mellitus, and smoking status (5). Regarding the
CVD risk, the population was further stratified into two risk
categories: low (predicted 10-year CVD risk score of < 20%)
and high (predicted 10-year CVD risk score of > 20%) (5).
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FIGURE 1 | Flow diagram of the study participant selection. NHANES, National Health and Nutrition Examination Survey; HEI-2015, Healthy Eating Index-2015;
HDL, high-density lipoprotein; SBP, systolic blood pressure; HbA1c, glycated hemoglobin A1c; BMI, body mass index.

time) (n=75)

Meanwhile, heart age, defined as the age of a person with the
same predicted risk of CVD but with all other risk factors at
the normal level, was also estimated using the sex-specific-based
Framingham general CVD risk score, and the risk factors used
in the calculation were fully consistent with the predicted 10-year
CVD risk. Briefly, we first calculated the CVD points for men and
women based on the CVD risk factors mentioned above. Then,
the predicted heart age was determined by converting the CVD
points according to the “heart age” sheet published previously (5).

Definition of Covariates

Sociodemographic, lifestyle factors, and physical examination
data were obtained through household questionnaires by
bilingual trained study staff. The self-reported demographic
covariates included sex (male or female), educational level
(<high school, high school, or > high school), ethnicity
(Hispanic, non-Hispanic White, non-Hispanic Black, or others),
and family economic situation (income-to-poverty ratio < 1.30,
1.31-1.85, and > 1.85). The family monthly poverty level index
(income-to-poverty ratio) represents household income as a
ratio of total family income to the poverty level defined by the
Department of Health and Human Services (DHHS).

As for lifestyle factors, smokers were defined as those who had
smoked at least 100 cigarettes in life. Drinkers were defined as
participants who consumed alcohol 12 or more times in any given
year. Sedentary time is an indicator of sedentary behavior refers to
the amount of time spent sitting during the day other than sleep.

All anthropometric data were measured by highly trained
medical personnel to minimize errors in the measurement
process. SBP and diastolic blood pressure were the averages
of three consecutive readings of measurements in a sitting
position after a 5-min quiet rest. A fourth blood pressure
measurement was taken if one reading was incomplete. Standing
height was measured by a stadiometer and body weight was
measured by a digital weight scale requiring participants to wear
a standard examination gown and no jewelry. Body mass index
(BMI) (kg/m?) was defined as weight (kg) divided by height
squares (m?).

Diabetes was diagnosed as HbAlc > 6.5% or currently
using insulin or diabetes medications. Tosoh Automated
Glycohemoglobin Analyzer HLC-723G8 was used to determine
the content of % HbAIlc in whole blood (21). The analysis of
serum HDL-C and serum TC was carried out by Roche/Hitachi
Modular P Chemistry Analyzer, for measurement of HDL-C
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by a magnesium/dextran sulfate method and serum TC by a
completely enzymatic method (22, 23).

Statistical Analysis

Considering the complex sampling design and multi-year data
of NHANES 2011-2014, the sample weights for both cycles were
used for statistical analysis. The results are presented as weighted
mean =+ SE for continuous variables and weighted percentages
for categorical variables. To compare characteristics by HEI-
2015 quartile groups, we conducted weighted one-way analyses of
variance for continuous variables and weighted chi-square tests
for categorical variables. The associations of HEI-2015 with 10-
year CVD risk and heart age were estimated using multivariable
linear regression models according to quartiles of the HEI-2015,
in which the lowest quartile was used as the reference category.
The binary logistic regression models were also used to determine
the odds ratio (OR) and 95% confidence interval (CI) for the
high predicted 10-year risk of CVD, with adjusting for potential
confounders. We also used the HEI-2015 score as a continuous
variable in the analysis. Model 1 adjusted for age and sex. Model
2 additionally adjusted for ethnicity, drinking status, education
level, family monthly poverty level, and sedentary time. In Model
3, we adjusted for all the covariates in Model 2 plus BMI as
a continuous variable. To test the overall trend, we used the
median of HEI-2015 in each quartile as a continuous variable in
the regression model. In addition, the interactions between HEI-
2015 and various covariates have also been tested, and stratified
analyses were performed. Statistical significance for all analyses
was two-tailed P < 0.05. All analyses were performed using SAS
version 9.4 (SAS Institute, Cary, NC, United States).

RESULTS

Characteristics of Study Participants

We identified 6,614 participants with sufficient information to
predict the 10-year CVD risk (3,211 men and 3,403 women). The
general characteristics of the participants are shown in Table 1.
Participants with higher HEI-2015 scores were more likely to
be older, female, more likely to have higher educational level
and family monthly poverty level index, and less likely to be
a drinker. In contrast, weighted mean BMI was higher among
participants who had a lower HEI-2015 score. No statistically
significant differences were found between groups for the variable
of sedentary time.

The Association of the HEI-2015 Score
With Predicted 10-Year Cardiovascular
Disease Risk and Heart Age

Results of multivariable linear regression analyses for the
association of HEI-2015 score with 10-year CVD risk and heart
age are shown in Table 2. There were significant negative
associations of HEI-2015 with 10-year CVD risk and heart
age after adjusting for age, sex, ethnicity, drinker, education
level, family monthly poverty level, sedentary time, and BMI.
The corresponding regression coefficients of the highest quartile

group of the HEI-2015 score were —2.05 (95% CI: —2.76 to -1.33,
P < 0.0001) for 10-year CVD risk and —2.19 (95% CI: —2.85 to
-1.53, P < 0.0001) for heart age, with the lowest quartile group as
the reference. In addition, linear trends were also observed in the
associations of HEI-2015 with 10-year CVD risk (P-trend<0.05)
and heart age (P-trend<0.05).

The Association of HEI-2015 With High
10-Year Cardiovascular Disease Risk
Among United States Adults Aged

30-74 Years Old

The ORs and 95% ClIs for high 10-year CVD risk (predicted
10-year risk > 20%) are presented in Table 3. In the age and
sex-adjusted model (model 1), participants who had the highest
quartile of HEI-2015 score had lower odds of high 10-year
CVD risk compared to those who had the lowest quartile of
HEI-2015 score (OR: 0.51; 95%CI: 0.40-0.64; P-trend<0.0001).
The significant association remained when further it is adjusted
for ethnicity, drinking status, education level, family monthly
poverty level, sedentary time, and BMI, and the corresponding
OR (95% CI) was 0.62 (0.49-0.80). In addition, the interactions
between other covariates and HEI-2015 scores, except for BMI
(P for interaction = 0.0335), were not significant (Figure 2).
The variables adjusted for subgroup analysis in Figure 2 were
consistent with Model 3 in Table 3, except for the subgroup
variables that were not included in the model. A subgroup
analysis according to normal or wasting (BMI < 25 kg/m?),
overweight (25 < BMI < 30 kg/mz), and obese (BMI > 30 kg/mz)
showed that participants with normal BMI and the highest HEI-
2015 score had 61% lower odds of high 10-year CVD risk
(OR = 0.39, 95% CI: 0.22-0.69) compared with those with the
lowest HEI-2015 score.

DISCUSSION

In this cross-sectional study, we found that a higher HEI-2015
score was associated with a significantly lower predicted 10-year
CVD risk and lower heart age in United States general population
aged 30-74 years old.

Numerous studies have shown that some foods and dietary
ingredients were associated with the risk of CVD (24-27), and
those studies usually draw inconsistent conclusions. For example,
several studies found that saturated fatty acid (SFA) intake was
positively associated with cardiovascular events (28-30), but
a recent review reported that there is a lack of association
between SFA consumption and non-communicable diseases (31).
Although the research on the effect of a single food or nutrient on
CVD risk has extensive and profound significance, people’s daily
diet is a mixture of multiple foods and nutrients. In recent years,
the impact of complete dietary patterns on CVD has aroused
widespread interest, such as the Mediterranean diet (MedDiet),
the Dietary Approach to Stop Hypertension (DASH) diet, the
vegetarian dietary pattern, etc. The Mediterranean diet, which is
rich in whole grains, vegetables, fruits, and olive oil (replace SFA
with USFA), etc., has strong relevance for reducing the incidence
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TABLE 1 | Characteristics of study participants according to HEI-2015 quartile (weighted analysis).

Characteristic Quartile of HEI-2015 P-value?
Q1 (19.0-44.8) Q2 (44.8-54.4) Q3 (54.4-64.4) Q4 (64.4-95.8)

N 1,653 1,654 1,654 1,653

Age (years) 475+0.3 50.0 £0.3 50.5+0.3 529 +0.3 <0.0001

Sex, n (%) <0.0001

Male 889 (54.4) 840 (52.7) 789 (47.3) 693 (40.5)

Female 764 (45.6) 814 (47.3) 865 (52.7) 960 (59.5)

Ethnic, n (%) <0.0001

Hispanic 306 (12.5) 367 (14.0) 413 (14.8) 382 (12.5)

Non-Hispanic white 778 (69.7) 665 (68.4) 628 (67.9) 605 (70.0)

Non-Hispanic black 431 (12.8) 415 (11.5) 376 (10.4) 295 (7.5)

Other races 138 (5.1) 207 (6.2) 237 (6.9) 371(9.9)

Education, n (%) <0.0001

<High school 434 (20.2) 371 (15.2) 361 (14.9) 253 (8.9)

High school 428 (25.8) 415 (24.7) 315 (16.3) 262 (14.0)

>High school 791 (54.0) 868 (60.1) 978 (68.8) 1,138 (77.1)

Family monthly poverty level category, n (%) <0.0001

<1.30 720 (31.9) 580 (24.9) 510 (20.1) 371 (14.5)

1.31-1.85 274 (14.5) 253 (11.9) 285 (14.1) 252 (10.6)

>1.85 659 (53.6) 821 (63.2) 859 (65.8) 1030 (74.9)

Drinker, n (%) <0.0001

Yes 1,214 (77.7) 1,172 (77.4) 1,148 (77.1) 1,108 (75.2)

No 439 (22.3) 482 (22.6) 506 (22.9) 550 (24.9)

BMI (kg/m?) 30.4 +£0.2 30.4 +£0.2 29.3+0.2 27.9 £ 0.1 <0.0001

Sedentary time (h/day) 6.6 + 0.1 6.7 +0.1 6.8+ 0.1 6.8 + 0.1 0.3891

"Values are presented as weighted mean + SE or number (weighted %); HEI-2015, healthy eating index-2015; BMI, body mass index; Q, quartile; Q1 refer to the
unhealthiest diet quality; Q4 refer to the healthiest diet quality. Weighting factors were used in calculating P-values to account for the complex survey design of NHANES.
One-way analyses of variance were used for continuous variables and the chi-square test was used for categorical variables.

TABLE 2 | Regression coefficients and 95% confidence intervals of HEI-2015 for 10-year CVD risk and heart age.

HEI-2015 Predicted 10-year CVD risk Heart age
Unstandardized coefficients B (95%CI) P-value P trend® Unstandardized coefficients B (95%Cl) P-value P trend
Model12
HEI-20156 —0.09 (-0.10, —0.07) <0.0001 —0.10 (-0.11, —0.08) <0.0001
Q1 0O (reference) - <0.0001 0 (reference) - <0.0001
Q2 —0.44 (—1.14, 0.25) 0.2110 —0.85 (—1.49, —0.21) 0.0096
Q3 —1.46 (-2.15, —0.76) <0.0001 —1.76 (—2.41, —1.12) <0.0001
Q4 —3.13 (—3.83, —2.43) <0.0001 —3.48 (—4.14, —2.83) <0.0001
Model23
HEI-2015 —0.07 (-0.08, —0.05) <0.0001 —0.07 (-0.09, —0.06) <0.0001
Q1 0O (reference) - <0.0001 0 (reference) - <0.0001
Q2 —0.18 (-0.87, 0.51) 0.6160 —0.57 (-1.21,0.07) 0.0791
Qs —1.08 (—1.78, —0.38) 0.0023 —1.31 (—1.95, —0.66) <0.0001
Q4 —2.37 (—3.09, —1.65) <0.0001 —2.63 (—3.29, —1.96) <0.0001
Model3*
HEI-2015 —0.06 (—0.07, —0.04) <0.0001 —0.06 (—0.08, —0.04) <0.0001
Q1 0O (reference) - <0.0001 0 (reference) - <0.0001
Q2 —0.15(—0.83, 0.53) 0.6664 —0.54 (-1.17, 0.09) 0.0934
Q3 —0.92 (-1.61, —0.23) 0.0093 —1.09 (—1.72, —0.45) 0.0008
Q4 —2.05 (-2.76, —1.33) <0.0001 —2.19 (—-2.85, —1.53) <0.0001

THEI-2015, healthy eating index-2015; Q, quartile; Q1 refers to the unhealthiest diet quality; Q4 refers to the healthiest diet quality; B, unstandardized regression coefficient;
Cl, confidence interval. Unstandardized coefficients B and 95% Cl from Multivariable linear regression models with adjustment as follows: 2Model 1 adjusted for age, and
sex. Model 2 adjusted for variables in model1 + ethnicity, drinker, education level, family monthly poverty level, and sedentary time. *Model 3 adjusted for variables in
model 2 + BMI. °P trend, Test for trend was a sequential test of the quartiles of dietary quality scores. SHEI-2015 as a continuous variable.
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TABLE 3 | Odds ratios (OR) and 95% confidence intervals (Cl) of HEI-2015 for high predicted 10-year CVD risk.’

HEI-2015 P trend®
Continuous® Q1 Q2 Q3 Q4
Total 6,614 1,653 1,654 1,654 1,653
No of participants at high risk (>20%) 1,474 362 412 356 344
Model 12 0.98 (0.97, 0.99) 1 (reference) 1.08 (0.86, 1.36) 0.69 (0.54, 0.86) 0.51 (0.40, 0.64) <0.0001
Model 23 0.984 (0.98, 0.99) 1 (reference) 1.14 (0.91, 1.44) 0.73(0.57, 0.92) 0.59 (0.47, 0.76) <0.0001
Model 34 0.986 (0.98, 0.99) 1 (reference) 1.13(0.89, 1.42) 0.75 (0.59, 0.95) 0.62 (0.49, 0.80) <0.0001

THEI-2015, healthy eating index-2015; Q, quartile; Q1 refer to the unhealthiest diet quality; Q4 refer to the healthiest diet quality. OR and 95% CI from a binary logistic
regression model with adjustment as follows: °Model 1 adjusted for age, and sex. SModel 2 adjusted for variables in model 1 + ethnicity, drinker, education level, family
monthly poverty level, and sedentary time. “Model 3 adjusted for variables in model 2 + BMI. °P trend, Test for trend was a sequential test of the quartiles of dietary

quality scores. 6 HEI-2015 as a continuous variable.

Total(Weighted% Adjusted
Subgroup of High Risk) HEI-2015 OR(95%CI)  P-interaction
Overall 6614(19.2) —-— 0.62(0.49,0.80) .
Age 0.2779
<60 4651( 8.9) — 1.38(0.99,1.91)
>=60 1963(48.7) —— 0.77(0.57,1.06) :
Sex 0.1537
Male 3211(31.1) —— 0.67(0.49,0.93)
Female 3403(7.9) —— 0.61(0.42,0.89) .
Ethnic 0.7927
Hispanic 1468(14.9) —a— 0.56(0.34,0.92)
Non-Hispanic white 2676(20.3) —a— 0.77(0.52,1.16)
Non-Hispanic black 1517(19.0) —— 0.46(0.29,0.75)
Other races 953(16.7) —.— 0.66(0.32,1.38) .
Drink 0.1905
Yes 4637(21.1) —— 0.67(0.50,0.89)
No 1977(12.8) —a— 0.50(0.32,0.80) .
Education 0.6640
<High school 1419(23.6) —a— 0.68(0.42,1.08)
High school 1420(22.2) —a— 0.74(0.44,1.23)
>High school 3775(17.2) —— 0.72(0.51,1.01) .
Family monthly poverty level category 0.8009
<=1.30 2181(19.1) —— 0.70(0.46,1.06)
1.31-1.85 1064(19.6) —a— 0.56(0.31,1.01)
>1.85 3369(19.1) —a— 0.75(0.53,1.07) ;
BMI 0.0335
<25 1758(12.0) —— 0.39(0.22,0.69)
25-29 2200(17.9) —— 0.66(0.44,1.01)
>=30 2656(25.0) —— 0.92(0.64,1.33)
T T T T
0.0 0.5 1.0 1.5 2.0
FIGURE 2 | Associations of the highest quartile of HEI-2015 score with high predicted 10-year CVD risk for subgroups. HEI-2015, Healthy Eating Index-2015; BMI,
Body Mass Index; OR, odds ratio; Cl, confidence interval. The variables adjusted for in the subgroup analysis were consistent with Model 3 in Table 3, except for the
subgroup variables that were not included in the model. P-interaction refers to the interaction analysis between HEI-2015 and various covariates.

and mortality of CVD and preventing the occurrence of various
chronic diseases (32-34). The DASH diet is generally used to
reduce high blood pressure, one of the risk factors for CVD, and,
thus, it also makes a significant contribution to the prevention
of CVD (34-36). A systematic review and meta-analysis of the
DASH diet have shown that there was a significant inverse linear
relationship between DASH diet consumption and CVD risk,
and the changes in blood pressure and cholesterol concentration
caused by the DASH diet would reduce the predicted 10-year

CVD risk by approximately 13% (37, 38). Some previous studies
have examined the relationship between dietary patterns based
on dietary guidelines and CVD, but most of them have focused
on revealing the occurrence of specific cardiovascular outcome
events (such as CHD, stroke) and CVD mortality (15-17).
A recent analysis of the relationship between HEI-2015 and CVD
based on the Nurses’ Health Study (NHS), NHS II, and Health
Professionals Follow-up Study (HPFS) has shown that higher
diet scores were significantly associated with a lower risk of
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cardiovascular events (15), which is similar to our findings. Our
study population was more comprehensive and representative of
the United States population of all races and genders than the
study population, which included only female nurses and male
health professionals. Our study of the HEI-2015 in the NHANES
2011-2014 is consistent with previous findings in the Multiethnic
Cohort, linking HEI-2015 with reduced CVD risk (39). HEI-
2015 has also demonstrated the predictive criterion validity
for all-cause, cancer, and CVD mortality in the United States
Participants, with the highest diet quality had a 13% to 21%
decreased risk of CVD mortality compared with the lowest diet
quality (40).

Apart from the aforementioned studies on CVD, only two
studies focused on the relationship between dietary guideline-
based dietary indices and predicted 10-year CVD risk and
showed mixed results. A randomized study of Iranian male
military personnel found no significant relationship between
10-year CVD risk and the Healthy Diet Indicator (HDI)-2020
(41). HDI-2020, based on the Global Dietary Recommendations
(GDR), is the latest version of the WHO publication for
the prevention of chronic diseases, and its components are
calculated as a percentage of energy (42). Results from the
randomized sample study of Iranian employees also showed
no significant association between the Alternative Healthy
Eating Index (AHEI) and predicted 10-year CVD risk (43).
The AHEI is also designed to reduce food and nutrient
intake associated with chronic disease risk (44). Different
from the above two studies, our study used HEI-2015,
an index reflecting the dietary guidelines for United States
residents, in a nationally representative United States population.
We found that there was a significant inverse association
between HEI-2015 and the predicted 10-year CVD risk (OR:
0.62; 95%CI: 0.49-0.80; P-trend<0.0001). Furthermore, similar
results were also found when we replaced predicted 10-year
CVD risk with heart age as the outcome in the analysis.
Compared with 10-year CVD risk, the psychological impact
of the concept of heart age on the general population will
be more intuitive.

There are several strengths in our study. First, we used
the latest version of HEI to explore the relationship between
the overall diet quality and the predicted 10-year CVD risk.
HEI-2015, a comprehensive dietary index, can better reflect
Americans’ compliance with the 2015-2020 DGA. Second,
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