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Background: Atherosclerotic cardiovascular disease (ASCVD) remains the leading 
cause of death and disability both in U.S. and worldwide. Antioxidants have been 
proved critical in mitigating the development of atherosclerosis. This study aimed 
to investigate the associations between composite dietary antioxidant index 
(CDAI) and estimated 10-year ASCVD risk among U.S. adults.

Methods: Data extracted from the National Health and Nutrition Examination 
Survey were analyzed. A total of 10,984 adults aged 18  years and above were 
included in this study. CDAI was calculated based on the dietary intake reported 
in their 24-h recall interviews. The estimated 10-year ASCVD risk was calculated 
via Pooled Cohort Equations (PCE).

Results: After adjusting potential confounders, it was indicated that CDAI score 
was negatively correlated with 10-year ASCVD risk (OR 0.97, 95% CI 0.95–0.99). 
Stratify CDAI score by quartile, results showed that participants in the second, 
third, and fourth quartiles had lower ASCVD odds ratio (Q2: OR 0.87, 95% CI 
0.69–1.09; Q3: OR 0.78, 95% CI 0.62–0.98; Q4: OR 0.74, 95% CI 0.59–0.94) than 
those in the first quartile (Q1, lowest CDAI score group), which was confirmed 
by the trend test as well (p  <  0.05). Subgroup analyses stratified by sex, age, race/
ethnicity, and smoking status did not show significant effect modification.

Conclusion: Higher dietary antioxidants intake is associated with lower ASCVD 
risk among U.S. adults, for which policymakers and healthcare professionals may 
consider increasing the consumption of antioxidant-rich foods as a preventive 
strategy for ASCVD.
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1. Introduction

Atherosclerotic cardiovascular diseases (ASCVD), which involve 
stroke, myocardial infarction and sudden cardiac death (1), take up a 
large proportion of healthcare budgets and is a significant financial 
burden worldwide (2). In the United States, it is also the leading cause 
of death with an estimated medical cost over $200 billion annually. 
The reason for this is mainly because prevention strategies are not 
being implemented effectively, and a significant number of adults have 
uncontrolled risk factors for ASCVD.2 Therefore, identifying high-
risk ASCVD population is significant for its primary prevention. 2013 
American College of Cardiology/American Heart Association (ACC/
AHA) Guideline proposed Pooled Cohort Equations (PCE) to 
estimate the 10-year risk of developing a first ASCVD event, which 
was widely recommended by amount of guidelines as a reliable tool 
for ASCVD’s 10-year risk assessment. PCE’s initial risk scoring for 
ASCVD was also of vital importance. In addition, PCE was also 
recommended by hypertension guideline (3) to instruct 
pharmacotherapy usage.

High oxidative stress conditions can cause multiple oxidative 
modifications to lipoprotein phospholipids, which are closely linked 
to the onset and progression of ASCVD (4). Thus maintaining 
oxidative homeostasis and an antioxidant defense system is essential 
for ASCVD prevention. Diet is known to be a major risk factor for 
most cardiovascular diseases, and an adequate intake of antioxidants 
could help reduce oxidative burden (5). The composite dietary 
antioxidant index (CDAI) comprises vitamins A, C, and E, zinc, 
selenium, and carotenoids as dietary antioxidants. It is a 
comprehensive score reflecting an individual’s antioxidant profile.6 
CDAI was proposed by Wright et al. in 20,047 to evaluate the overall 
impact of antioxidants on health.

The effect of total dietary antioxidant capacity on health has 
attracted more and more attention in recent years because of 
antioxidant’s critical role in global diet patterns (6–9). However, only 
a limited number of studies have investigated the association between 
CDAI and cardiovascular diseases. These studies focused either on 
CDAI and all-cause and cardiovascular mortality or on the association 
between high dietary antioxidant intake (one or more nutrients such 
as vitamins A, C, and D, zinc, and carotenoid) and ASCVD risk (10–
12). The effect of CDAI on estimated 10-year ASCVD risk remains 
unclear. This study aimed to explore the association between CDAI 
and estimated 10-year ASCVD risk based on a national sample of 
U.S. adults.

2. Materials and methods

2.1. Study population

The National Health and Nutrition Examination Survey 
(NHANES) is a large cross-sectional survey interviewing a group of 
representative non-institutionalized U.S. civilians. This survey 
employed a stratified complex multi-stage probability survey design 
and requested its participants to provide detailed information about 
their dietary intake for two consecutive 24-h periods. The first dietary 
recall was completed at a mobile examination center while the second 
one was accomplished by phone in 3–10 days. To minimize error, all 
interviewers were intensively trained for one week (10). To ensure the 

consistency in measurement of food consumption, respondents were 
provided with a standard set of measuring tools such as cups, spoons, 
glasses, and bottles. The U.S. Department of Agriculture (USDA) 
Automated Multiple-Pass Method was utilized to gather two 24-h 
dietary recalls. The Research Ethics Review Committee of the National 
Center for Health Statistics has approved the NHANES study, and all 
participants had been given informed written consent. Data of 
NHANES 2001–2018 cycle were selected for analysis. In this study, a 
total of 91,351 participants were selected. Exclusion criteria included: 
individuals under the age of 18 years old (n = 37,595); individuals with 
missing dietary data (n = 6,021); individuals whose data were 
insufficient for ASCVD 10-year risk calculation (n = 36,751). Data of 
10,984 patients were ultimately included in this analysis (Figure 1).

2.2. Calculation of CDAI

24-h dietary recall interviews were used to collect information on 
intake of dietary antioxidant and other food components. During the 
interview, participants were asked to recall specific food and drinks 
they consumed within the 24-h period before the interview. To 
evaluate the overall exposure to dietary antioxidants, a modified 
version of Composite Dietary Antioxidant Index (CDAI) developed 
by Wright et al. was used (13, 14). The standardized intake of six 
antioxidant nutrients (vitamin A, vitamin C, vitamin E, zinc, selenium, 
and carotenoids) was calculated by dividing the difference between 
individual intake and mean by the standard deviation, and their sum 
was used to represent CDAI. The formula was shown as following:

CDAI
Individual Intake Mean

SD
=

=
∑
i 1

6 −

It should be noted that the dietary antioxidant intake did not 
include those from supplements, medications, or plain drinking water.

2.3. Assessment of ASCVD risk

Pooled Cohorts Equations model from 2013 ACC/AHA 
guidelines was applied to assess the 10-year risk of ASCVD.1 This 
model takes demographics, blood cholesterol, blood pressure, 
smoking, and diabetes history into consideration to predict the 
likelihood of a first-time hard ASCVD event. Incorporating several 
recommendations, 7.5% was taken as the cutoff value for 10-year 
ASCVD risk in this study.

2.4. Covariates

Covariates were adopted to reduce deviation, which included 
demographic information such as age, sex, educational level, and 
poverty income ratio (PIR), lifestyle information such as smoking and 
drinking habits, physical examination results such as body mass index 
(BMI), and self-reported health status such as medical and drug 
history. NHANES calculated BMI based on height and weight 
measurements. PIR was calculated by dividing the family income by 
the poverty threshold, and results were categorized into three levels: 
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low income (< 1.3), moderate income (1.3–3.5), and high income (> 
3.5). Smoking status was divided into never (less than 100 cigarettes 
in lifetime), former (more than 100 cigarettes in lifetime and had quit 
smoking at the time of the survey), and current (more than 100 
cigarettes in lifetime and was still smoking every several days at least). 
Current drinking status was classified into heavy drinking (≥ 3 drinks 
per day for females; ≥ 4 drinks per day for males; binge drinking for 
5 or more days per month), moderate drinking (≥ 2 drinks per day 
for females; ≥ 3 drinks per day for males; binge drinking ≥2 days per 
month) (15), and mild drinking (other than the above two). 
Hypertension was characterized by a blood pressure reading of 
≥140/90 mmHg, a medical diagnosis of hypertension, or self-reported 
use of antihypertensive medication in health questionnaires. Diabetes 
was confirmed if patients met one or more of the following criteria: 
(1) diagnosis of diabetes reported by their doctors, (2) 
glycohemoglobin (HbA1c) > 6.5%, (3) fasting blood glucose 
≥7.0 mmoL/L, (4) random blood glucose ≥11.1 mmoL/L, or (5) 
two-hour blood glucose ≥11.1 mmol/L in oral glucose tolerance test 
(OGTT). Chronic kidney disease (CKD) was confirmed according to 
KDIGO guideline (16). We  calculated the estimated glomerular 
filtration rate (eGFR) using the serum creatinine equation from the 
Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) 
study (17).

2.5. Statistical analysis

Participants were categorized into two groups based on their 
10-year ASCVD risks: one group with a risk of less than 7.5% and the 
other group with 7.5% or higher. Baseline data differences between 
these two groups were compared. Continuous variables were 
expressed as means ± standard errors, and categorical variables were 

represented by percentages. Weighted linear regression was used for 
continuous variables while weighted chi-squared tests for categorical 
variables. The relationship between CDAI and 10-year ASCVD risk 
was investigated by multivariable logistic regression equations. The 
consistency of the relationship was tested via linear trend tests. 
Generalized additive models (GAMs) and smooth curve fittings were 
used to explore non-linear association. Subgroup analyses and 
interactions were conducted for covariates such as age, sex, 
hypertension, diabetes, and BMI with controlled variables. All 
statistical analyses were conducted using R (version 3.5.3) and 
EmpowerStats,1 and p < 0.05 was taken as statistically significant.

3. Results

3.1. Baseline characteristics

The baseline characteristics were presented in Table  1, which 
revealed certain difference between two groups. More specifically, 
participants of “10-year ASCVD risk ≥7.5%” group tended to be older, 
female, and have higher BMI, worse economic status, lower 
educational level, smoking and drinking history, diabetes and 
hypertension, antidiabetic and antihypertensive medications, and 
lower CDAI.

To investigate the dietary factors causing the variation of CDAI 
between two groups, we displayed every single component score of 
CDAI in Table 2. Individuals with a 10-year ASCVD risk ≥7.5% had 
lower antioxidant dietary scores than the other group regarding all 
components of CDAI.

3.2. Association between CDAI score and 
10-year ASCVD risk

The logistic regression modeling results displayed in Table 3 
demonstrated the correlation between CDAI score and 10-year 
ASCVD risk. After adjusting for covariates (age, sex, PIR, 
educational level, BMI, smoking, drinking, diabetes, hypertension, 
CKD, antidiabetic medications and antihypertensive medications), 
it was indicated that CDAI score was negatively correlated with 
10-year ASCVD risk (OR 0.97, 95% CI 0.95–0.99). After stratifying 
score by quartile, results showed that participants in the second, 
third, and fourth quartiles had lower ASCVD odds ratio (Q2: OR 
0.87, 95% CI 0.69–1.09; Q3: OR 0.78, 95% CI 0.62–0.98; Q4: OR 
0.74, 95% CI 0.59–0.94) than those in the first quartile (Q1, lowest 
CDAI score group), which was confirmed by the trend test as well 
(p < 0.05). We also used generalized additive models and smooth 
curve fittings to evaluate the associations between these two items. 
When CDAI was treated as a continuous variable, a negative 
correlation was observed between CDAI and 10-year ASCVD risk 
(Figure 2A). When CDAI was treated as a categorical variable with 
four quartiles, the relationship between CDAI and 10-year ASCVD 
risk remained unchanged (Figure 2B).

1 http://www.empowerstats.com

FIGURE 1

Flowchart of the study. ASCVD, atherosclerotic cardiovascular 
disease.
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TABLE 1 Baseline characteristics of subjects.

Characteristics Total
n  =  10,984

10-year risk of 
ASCVD  <  7.5%
n  =  5,988

10-year risk of 
ASCVD  ≥  7.5%

n  =  4,996

p-value

Age (years) 58.85 ± 11.37 51.91 ± 8.23 67.17 ± 8.74 <0.05

Sex, n (%) <0.05

Male 5,581 (50.81%) 3,825 (63.88%) 1756 (35.15%)

Female 5,403 (49.19%) 2,163 (36.12%) 3,240 (64.85%)

BMI (kg/m2) 29.35 ± 6.60 28.93 ± 6.47 29.86 ± 6.73 <0.05

PIRa, n (%) <0.05

Low 2,296 (22.11%) 1,106 (19.43%) 1,190 (25.37%)

Medium 3,568 (34.36%) 1,574 (27.65%) 1994 (42.52%)

High 4,519 (43.52%) 3,013 (52.92%) 1,506 (32.11%)

Education level, n (%) <0.05

Less than high school 1711 (15.58%) 690 (11.53%) 1,021 (20.44%)

High school 2,899 (26.40%) 1,406 (23.49%) 1,493 (29.90%)

More than high school 6,369 (58.01%) 3,889 (64.98%) 2,480 (49.66%)

Smoking, n (%) <0.05

Never 4,856 (44.21%) 2,867 (47.88%) 1989 (39.81%)

Former 3,815 (34.73%) 1951 (32.58%) 1864 (37.31%)

Now 2,313 (21.06%) 1,170 (19.54%) 1,143 (22.88%)

Drinkingb, n (%) <0.05

Never 985 (9.43%) 350 (6.12%) 635 (13.44%)

Former 2,165 (20.73%) 932 (16.29%) 1,233 (26.10%)

Mild 4,313 (41.29%) 2,411 (42.14%) 1902 (40.26%)

Moderate 1,559 (14.92%) 984 (17.20%) 575 (12.17%)

Heavy 1,424 (13.63%) 1,045 (18.26%) 379 (8.02%)

Diabetes, n (%) 2056 (18.72%) 502 (8.38%) 1,554 (31.10%) <0.05

Hypertension, n (%) 5,676 (51.68%) 2,237 (37.36%) 3,439 (68.84%) <0.05

CKD, n (%) 2,179 (20.00%) 577 (9.69%) 1,602 (32.42%) <0.05

Antidiabetic medications, n (%) 1,284 (11.69%) 317 (5.29%) 967 (19.36%) <0.05

Antihypertensive medications (n, %) 1,307 (11.90%) 397 (6.63%) 910 (18.21%) <0.05

CDAI 0.57 ± 3.98 0.94 ± 4.20 0.12 ± 3.66 <0.05

aPIR was calculated by dividing the income of the family by the poverty threshold of the family and was categorized on three levels: <1.3 (low income), 1.3–3.5 (moderate income), and > 3.5 
(high income); bCurrent drinking is subdivided into three categories: heavy drinking (≥3 drinks per day for females; ≥4 drinks per day for males; binge drinking on 5 or more days per 
month), moderate drinking (≥2 drinks per day for females; ≥3 drinks per day for males; binge drinking ≥ 2 days per month) and mild drinking (not meet the above). ASCVD, atherosclerotic 
cardiovascular disease; BMI, body mass index; PIR, poverty income ratio; CKD, chronic kidney disease; CDAI, composite dietary antioxidant index.

TABLE 2 Comparison of each component of CDAI scores between individuals with 10-year risk of ASCVD <7.5% and individuals with 10-year risk of 
ASCVD ≥7.5%.

Characteristics Total 10-year risk of 
ASCVD  <  7.5%

10-year risk of 
ASCVD  ≥  7.5%

p-value

Vitamin A 474.95 (467.14, 482.90) 483.51 (472.51, 494.76) 464.92 (453.97, 476.13) <0.05

Vitamin C 44.12 (43.09, 45.17) 44.95 (43.54, 46.40) 43.14 (41.66, 44.68) 0.09

Vitamin E 6.46 (6.37, 6.54) 7.07 (6.95, 7.20) 5.79 (5.68, 5.90) <0.05

Zinc 9.95 (9.84, 10.06) 10.87 (10.71, 11.04) 8.94 (8.80, 9.08) <0.05

Selenium 93.42 (92.42, 94.44) 102.87 (101.35, 104.42) 83.24 (82.00, 84.49) <0.05

Carotenoid 4401.68 (4284.10, 

4522.48)

4735.84 (4565.78, 4912.24) 4032.39 (3873.73, 4197.55) <0.05

Data are presented as the geometric mean and 95% confidence interval. CDAI, composite dietary antioxidant index; ASCVD, atherosclerotic cardiovascular disease.
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The forest plot showed that all stratification variables had 
consistent interactions, i.e., a negative correlation between CDAI score 
and 10-year ASCVD risk existing in all stratified analyses (Figure 3). 
As a sensitivity analysis, the relationship between CDAI score and 
10-year risk of ASCVD was also examined in stratified analysis of 
smooth curve fittings, which suggested a negative correlation between 
the two variables regardless of gender, age (above or below 65 years), 
hypertension status, diabetes status, and BMI (above or below 25 kg/
m2) (Figure 4).

4. Discussion

It was demonstrated that overall antioxidant intake, measured by 
CDAI, was in significant negative association with ASCVD after 
adjusting for multiple covariates. Participants in the highest CDAI 
quartile showed a reduced 10-year ASCVD risk than those in the 
lowest quartile. This study is the first one analyzing the association 
between CDAI and PCE estimated 10-year ASCVD risk based on a 
representative group of U.S. adults.

The close correlation between dietary habit and ASCVD risk has 
been extensively proved. ASCVD risk would be  increased by a 

Western Dietary (WD) pattern and decreased by Mediterranean Diet 
(MD) pattern and Dietary Approaches to Stop Hypertension (DASH) 
pattern (18, 19). Oxidative responses mediates the pathogenesis of 
ASCVD by its different influence on cellular damage, which would 
vary with aging (20). Such a damage can be relieved by dietary habit’s 
regulation on the redox status of human plasma. It has been shown 
that recommended, balanced dietary patterns such as MD and 
Atlantic Diet (AD) can provide all required macro- and micro-
nutrients needed to maintain an organism in optimal balance and 
defend against oxidative damage (21, 22). Proper intake of antioxidants 
through food could keep our immune system in an optimal 
antioxidant state (23). In line with this, a recent study by He et al. 
suggested that high plasma antioxidant level might protect people 
against age-related diseases (24). Furthermore, growing research 
studies demonstrate that oxidative stress is closely related to 
cardiovascular disease and that total dietary antioxidant capacity 
(TDAC) is negatively associated with markers of inflammation such 
as C-reactive protein (CRP), platelet-activating factor (PAF), and 
adiponectin concentration (25–27). Further results from systematic 
review studies showed substantial associations between DTAC and 
most cardiovascular disease-related risk factors such as fasting 
glucose, blood pressure, CRP, and high-density lipoprotein cholesterol 

TABLE 3 Odd ratios and 95% confidence intervals for 10-year risk of ASCVD according to CDAI.

Characteristics Model 1 Model 2 Model 3

Continuous 0.94 (0.94, 0.95) 0.95 (0.94, 0.97) 0.97 (0.95, 0.99)

Quartile

Q1 Reference Reference Reference

Q2 0.83 (0.74, 0.92) 0.86 (0.72, 1.03) 0.87 (0.69, 1.09)

Q3 0.67 (0.61, 0.75) 0.67 (0.56, 0.80) 0.78 (0.62, 0.98)

Q4 0.55 (0.49, 0.61) 0.61 (0.51, 0.73) 0.74 (0.59, 0.94)

p for trend <0.05 <0.05 <0.05

Model 1: Non-adjusted. Model 2: Adjusted for age, sex, and PIR. Model 3: Adjusted for age, sex, PIR, education level, BMI, smoking, drinking, diabetes, hypertension, CKD, antidiabetic 
medications, and antihypertensive medications. ASCVD, atherosclerotic cardiovascular disease; CDAI, composite dietary antioxidant index; PIR, poverty income ratio; BMI, body mass index; 
CKD, chronic kidney disease.

FIGURE 2

The association between CDAI [(A) as continuous variable; (B) as categorical variable] and 10-year risk of ASCVD. The red line represents the best-fit 
line, and the blue lines are 95% CI. CDAI, composite dietary antioxidant index; ASCVD, atherosclerotic cardiovascular disease; CI, confidence interval.
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FIGURE 3

Stratified analyses between CDAI and 10-year risk of ASCVD using logistic regression. *Each stratification adjusted for all the factors (age, sex, PIR, 
education level, BMI, smoking, drinking, diabetes, hypertension, CKD, antidiabetic medications and antihypertensive medications) except the 
stratification factor itself. OR, odd ratio; CI, confidence interval; ASCVD, atherosclerotic cardiovascular disease; CDAI, composite dietary antioxidant 
index; PIR, poverty income ratio; BMI, body mass index; CKD, chronic kidney disease.

FIGURE 4

Stratified analyses [by (A) sex; (B) age; (C) hypertension; (D) diabetes; (E) BMI] between CDAI and 10-year risk of ASCVD using generalized additive 
model and smooth curve fittings. BMI, body mass index; ASCVD, atherosclerotic cardiovascular disease; CDAI, composite dietary antioxidant index.
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(HDL-C) (28). In addition, according to Detopoulou et al., PAF is 
implicated in atherosclerosis, and TDAC and healthy dietary patterns 
are inversely associated with PAF or its biosynthetic enzymes (29). 
Another investigator aiming to assess the relationship between 
adiponectin concentrations and TDAC in adults concluded that 
antioxidant foods benefit cardiovascular disease through an 
adiponectin-mediated pathway (27). This highlights the importance 
of implementing dietary modifications to increase the consumption 
of antioxidants to better prevent ASCVD risk.

We found that participants with 10-year risk of ASCVD ≥7.5% 
had lower dietary antioxidants scores in some commonly 
recognized elements that can alleviate oxidant responses, such as 
vitamin A, vitamin E, zinc, selenium, and carotenoids. Evidence 
suggested consumption above the recommended level of certain 
antioxidants can improve immune functioning and raise resistance 
to oxidative stress (12, 30). Dietary antioxidants, such as selenium, 
are beneficial in maintaining the optimal function of intracellular 
enzyme glutathione peroxide and extracellular protector 
selenoprotein P against oxidative stress in body (31). Moreover, 
previous studies have shown that carotenoids act as an essential 
precursor for the production of retinol such as vitamin 
A. Carotenoids themselves and their enzymatic products act as 
antioxidants in lipid-rich environment (32). Other antioxidants, 
such as vitamin C, can maximize neutrophil concentrations through 
dietary intake, reduce the production of reactive oxygen species 
during phagocytosis, and inhibit the oxidation of low-density 
lipoproteins (33, 34). Vitamin E is a group of fat-soluble compounds 
whose antioxidant activity mainly derives from α-tocopherol and 
γ-tocopherol. A lifestyle with Mediterranean diet score > 6 may 
provide better protection by affecting the oxidant/antioxidant 
balance in the body (21). Notably, no significant difference detected 
in vitamin C intake between two groups, which may attributes to 
the consensus that vitamin C-rich food such as fruits and vegetables 
may be  beneficial to health (35). As the latest U.S. Dietary 
Guidelines for 2020–2025 emphasizes, there is a need to focus on 
the importance of healthy dietary patterns as a whole, rather than 
on individual nutrient, food, or food group in isolation (36).

Considering that these antioxidants might simultaneously affect 
ASCVD, we  further analyzed whether overall potential of dietary 
antioxidant intake was associated with 10-year ASCVD risk. Present 
study revealed CDAI’s protective effect on 10-year ASCVD risk. As 
summarized by Senoner et al. (37), reactive oxygen species (ROS) 
negatively affect myocardial calcium handling and can promote 
atherosclerotic plaque formation, which was consistent with previous 
studies. Antioxidants may have a protective effect by modulating 
immune responses, viral replication, and gene expression to protect 
against ASCVD (30, 37, 38). Previous studies indicated that dietary 
total antioxidant capacity (TAC) may impact people with a 
cardiometabolic risk profile (39). Farhangi et al., indicated that dietary 
intake of zinc, selenium, and vitamins A, C, and E was inversely 
related to mortality risk (40). Similarly, Senoner and colleagues 
presented potential diets that might be  beneficial in reducing the 
burden of oxidative stress in cardiovascular diseases (37). They take 
into account the difficulty of determining which specific components 
of food exert antioxidant effects, and therefore also recommend a diet 
consisting of a variety of foods containing different antioxidants, such 
as fresh fruits and vegetables and fish, rather than consuming a 

supplement consisting of a single antioxidant (37). In addition, they 
suggest that the benefits of antioxidants vary depending on the 
oxidative status of each individual (41).

After adjusting demographic and clinical covariates associated 
with ASCVD, the result of logistic regression still demonstrated a 
significant negative association between CDAI and 10-year ASCVD 
risk. However, this conclusion did not exclude the influence of other 
risk factors such as age, sex, hypertension, diabetes, and obesity, 
which may also be  involved in the oxidation process of 
ASCVD. Age-related vascular endothelial dysfunction is a major 
antecedent to cardiovascular diseases. Brunt et al. conducted research 
that found supplementing trimethylamine-N-oxide (TMAO) in the 
diet increases circulating concentrations of trimethylamine-N-N-
oxide, leading to greater oxidative stress caused by superoxides (42). 
This can result in reduced bioavailability of nitric oxide (NO) and 
endothelial dysfunction. As a result, healthy middle-aged and older 
adults have higher plasma TMAO levels compared to young control 
groups. In addition, accumulating evidence indicates that traditional 
risk factors for atherosclerosis, including hypertension and diabetes, 
would induce oxidative stress in blood vessels (43). Moreover, obesity 
increases the risk of atherogenic dyslipidemia and number of 
oxidative stress biomarkers. This might provide new ideas for early 
prevention and treatment of ASCVD. In contrast, some researchers 
have suggested an association between antioxidant-rich diets and 
atherosclerosis, but not with insulin, insulin resistance, or total 
cholesterol (44, 45). Similarly, a study by Kim et  al. aimed at 
investigating the relationship between total antioxidant capacity in 
diets and supplements and cardiovascular disease risk factors in the 
NHANES found that intake of antioxidant-rich diets and supplements 
was beneficial in reducing the risk of cardiovascular disease, but that 
there were no significant associations between total antioxidant 
capacity of diets and blood pressure, total cholesterol, and blood 
glucose (46). The inconsistent results of the above studies regarding 
the relationship between antioxidant capacity and cardiovascular 
disease in different subgroups of the population suggest that there is 
also a strong need to isolate these covariates when exploring the 
relationship between CDAI and 10-year ASCVD risk. In addition, 
smoking is well known as a risk factor for cardiovascular disease, and 
results from a strong heart-based study exploring the potential 
moderating effects of several dietary nutrients with high antioxidant 
activity on cardiovascular disease in relation to exposure to 
environmental tobacco smoke showed that participants exposed to 
environmental tobacco smoke had a higher risk of cardiovascular 
disease compared with those not exposed, and a greater risk of 
cardiovascular disease compared with those who had higher vitamin 
E intake, as well as a greater risk of cardiovascular disease compared 
with those who had higher vitamin E intake, as well as a greater risk 
of cardiovascular disease compared with those who had higher 
vitamin E intake. The effects of environmental tobacco smoke on 
cardiovascular disease incidence were greater in those with low 
vitamin E intake compared to those with high vitamin E intake (47). 
Of note, the three study centers in the Strong Heart Study reported 
different smoking prevalence rates and used self-reported exposure 
to environmental tobacco smoke, making it difficult to differentiate 
between smoking, secondhand smoke, and thirdhand smoke, which 
limits the generalization of the results. Additional future studies are 
recommended to clarify whether smoking or environmental tobacco 
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smoke exposure mediates the relationship between antioxidant 
capacity and 10-year ASCVD risk.

A stratified analysis was conducted to isolate the effect of CDAI 
from forementioned covariates. Interestingly, results of forest plot 
based-logistic regression and subgroup analysis of the generalized 
additive models revealed that the negative association between CDAI 
and 10-year ASCVD risk was robust to sex, age, hypertension, diabetes 
and BMI, proving the reliability and applicability of our results. This 
implies that the protective association we observed between dietary 
antioxidant intake and 10-year risk of ASCVD was independent of sex, 
age, hypertension, diabetes, and BMI status. Notably, recent medical 
developments suggest that antioxidants can neutralize free radicals and 
reduce the risk of disease caused by oxidative stress. However, in some 
cases, such as at high doses, antioxidants may act as pro-oxidants (48). 
Hence, the dose–response relationship between antioxidants and the 
10-year risk of ASCVD needs further study. In addition, it is interesting 
to note that a previous study mentioned that there are many 
antioxidants, especially various safe plants that have antioxidant 
activity. They found that essential oils (EO) extracted from six chemical 
components acted as antioxidants and protected fish from oxidative 
stress (49). This implies that agents with antioxidant activity might 
be effective against ASCVD related to oxidative stress, and antioxidant 
drugs might be a new strategy for the prevention of ASCVD, and the 
relationship between the two and the mechanism of action still needs 
further study.

As far as we  know, this is the initial research to examine the 
correlation between CDAI and 10-year ASCVD risk in a vast 
noninstitutionalized U.S. population based on NHANES data. Results 
suggested that CDAI was in significant negative association with 
10-year ASCVD risk, providing clinical references to ASCVD 
prevention and control. The present study is mainly limited in three 
aspects. First, it could not construct or confirm any causal inference 
due to its cross-sectional design nature. Second, data used were all 
self-reported, which might be subjected to recall bias. Third, there are 
some potential covariates that are difficult to rule out, which may 
affect the relationship between CDAI and 10-year ASCVD risk.

5. Conclusion

Higher overall dietary antioxidant consumption was associated 
with lower 10-year ASCVD risk. The long-term impact of CDAI 
remains unclear and further analysis of data from longitudinal studies 
is needed to clarify the causal relationship between CDAI and 10-year 
ASCVD risk and its underlying mechanisms.

Data availability statement

The raw data supporting the conclusions of this article will 
be made available by the authors, without undue reservation.

Ethics statement

All data came from NHANES, which was approved by 
National Centre for Health Statistics Institutional Ethics Review 

Board, and all the subjects agreed on the survey and signed 
written consent. The patients/participants provided their written 
informed consent to participate in this study. The studies were 
conducted in accordance with the local legislation and 
institutional requirements.

Author contributions

JZ: writing-most of manuscript, data curation, and processing. 
XL: writing-part of the manuscript and data curation. RW: writing-
part of the manuscript. HN, LX, WW, CL, and JF: software, writing—
review and editing, and supervision. YJ: methodology, writing—
review and editing, and supervision. All authors contributed to the 
article and approved the submitted version.

Funding

This study was supported by the Excellent Medical Youth Talent 
Project of the Shanghai Pudong New Area Health Commission (No. 
PWRq2020-34), the Xinglin Scholar Talent Program of Shanghai 
University of Traditional Chinese Medicine (No. 2022HLXL04), the 
Health Management Research Fund of the Shanghai Rehabilitation 
Medical Association (No. 2022KJCX047) and the Discipline 
Construction Plan of the Shanghai Pudong New Area Health 
Commission (No. PWZxk2022-06).

Acknowledgments

The authors acknowledge the National Center for Health Statistics 
at the CDC, which was responsible for designing, collecting, and 
administering the NHANES data and making the data available for 
public use.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the 
authors and do not necessarily represent those of their affiliated 
organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or 
claim that may be made by its manufacturer, is not guaranteed or 
endorsed by the publisher.

https://doi.org/10.3389/fnut.2023.1214875
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org


Zhang et al. 10.3389/fnut.2023.1214875

Frontiers in Nutrition 09 frontiersin.org

References
 1. Goff DC Jr, Lloyd-Jones DM, Bennett G, Coady S, D'Agostino RB, Gibbons R, et al. 

2013 ACC/AHA guideline on the assessment of cardiovascular risk: a report of the 
American College of Cardiology/American Heart Association task force on practice 
guidelines. Circulation. (2014) 129:S49–73. doi: 10.1161/01.cir.0000437741.48606.98

 2. Arnett DK, Blumenthal RS, Albert MA, Buroker AB, Goldberger ZD, Hahn EJ, et al. 
2019 ACC/AHA guideline on the primary prevention of cardiovascular disease: 
executive summary: a report of the American College of Cardiology/American Heart 
Association task force on clinical practice guidelines. Circulation. (2019) 140:e563–95. 
doi: 10.1161/CIR.0000000000000677

 3. Whelton PK, Carey RM, Aronow WS, Casey de Jr , Collins KJ, Dennison 
Himmelfarb C, et al. 2017 ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/
NMA/PCNA guideline for the prevention, detection, evaluation, and Management of 
High Blood Pressure in adults: a report of the American College of Cardiology/
American Heart Association task force on clinical practice guidelines. J Am Coll Cardiol. 
(2018) 71:e127–248. doi: 10.1016/j.jacc.2017.11.006

 4. Pantazi D, Tellis C, Tselepis AD. Oxidized phospholipids and lipoprotein-associated 
phospholipase a(2) (Lp-PLA(2)) in atherosclerotic cardiovascular disease: an update. 
BioFactors. (2022) 48:1257–70. doi: 10.1002/biof.1890

 5. Mirmiran P, Hosseini-Esfahani F, Esfandiar Z, Hosseinpour-Niazi S, Azizi F. 
Associations between dietary antioxidant intakes and cardiovascular disease. Sci Rep. 
(2022) 12:1504. doi: 10.1038/s41598-022-05632-x

 6. Yu YC, Paragomi P, Wang R, Jin A, Schoen RE, Sheng LT, et al. Composite dietary 
antioxidant index and the risk of colorectal cancer: findings from the Singapore Chinese 
health study. Int J Cancer. (2022) 150:1599–608. doi: 10.1002/ijc.33925

 7. Maugeri A, Barchitta M, Magnano San Lio R, Scalisi A, Agodi A. Antioxidant and 
inflammatory potential of diet among women at risk of cervical cancer: findings from a 
cross-sectional study in Italy. Public Health Nutr. (2022) 25:1577–85. doi: 10.1017/
S1368980021001944

 8. Zhao L, Sun Y, Cao R, Wu X, Huang T, Peng W. Non-linear association between 
composite dietary antioxidant index and depression. Front Public Health. (2022) 
10:988727. doi: 10.3389/fpubh.2022.988727

 9. Zhang R, Ni Z, Wei M, Cui Y, Zhou H, di D, et al. Composite dietary antioxidant 
intake and osteoporosis likelihood in premenopausal and postmenopausal women: a 
population-based study in the United  States. Menopause. (2023) 30:529–38. doi: 
10.1097/GME.0000000000002173

 10. Zhou Y, Jiang M, Sun JY, Cheng C, Shen H, Sun W, et al. The association between 
vitamin D levels and the 10-year risk of atherosclerotic cardiovascular disease: a 
population-based study. J Cardiovasc Nurs. (2022) Publish Ahead of Print. doi: 10.1097/
JCN.0000000000000943

 11. Miller AP, Coronel JAJ. The role of β-carotene and vitamin a in atherogenesis: 
evidences from preclinical and clinical studies. Biochimica et Biophysica Acta. (2020) 
1865:158635. doi: 10.1016/j.bbalip.2020.158635

 12. Meng XL, Wang Y, Wang HL, Nie HH, Cheng BJ, Cao HJ, et al. The association 
between essential trace element mixture and atherosclerotic cardiovascular disease risk 
among Chinese community-dwelling older adults. Environ Sci Pollut Res Int. (2022) 
29:90351–63. doi: 10.1007/s11356-022-22066-0

 13. Wright ME, Mayne ST, Stolzenberg-Solomon RZ, Li Z, Pietinen P, Taylor PR, et al. 
Development of a comprehensive dietary antioxidant index and application to lung 
cancer risk in a cohort of male smokers. Am J Epidemiol. (2004) 160:68–76. doi: 10.1093/
aje/kwh173

 14. Maugeri A, Hruskova J, Jakubik J, Kunzova S, Sochor O, Barchitta M, et al. Dietary 
antioxidant intake decreases carotid intima media thickness in women but not in men: 
a cross-sectional assessment in the Kardiovize study. Free Radic Biol Med. (2019) 
131:274–81. doi: 10.1016/j.freeradbiomed.2018.12.018

 15. Go VF, Hutton HE, Ha TV, Chander G, Latkin CA, Mai NVT, et al. Effect of 2 
integrated interventions on alcohol abstinence and viral suppression among Vietnamese 
adults with hazardous alcohol use and HIV: a randomized clinical trial. JAMA Netw 
Open. (2020) 3:e2017115. doi: 10.1001/jamanetworkopen.2020.17115

 16. KDIGO. 2021 clinical practice guideline for the Management of Glomerular 
Diseases. Kidney Int. (2021) 100:S1–s276. doi: 10.1016/j.kint.2021.05.021

 17. Levey AS, Stevens LA, Schmid CH, Zhang Y(L), Castro AF III, Feldman HI, et al. 
A new equation to estimate glomerular filtration rate. Ann Intern Med. (2009) 
150:604–12. doi: 10.7326/0003-4819-150-9-200905050-00006

 18. Fanelli Kuczmarski M, Bodt BA, Stave Shupe E, Zonderman A, Evans M. Dietary 
patterns associated with lower 10-year atherosclerotic cardiovascular disease risk among 
urban African-American and white adults consuming Western diets. Nutrients. (2018) 
10:158. doi: 10.3390/nu10020158

 19. Anand SS, Hawkes C, de Souza RJ, Mente A, Dehghan M, Nugent R, et al. Food 
consumption and its impact on cardiovascular disease: importance of solutions focused 
on the globalized food system: a report from the workshop convened by the world heart 
federation. J Am Coll Cardiol. (2015) 66:1590–614. doi: 10.1016/j.jacc.2015.07.050

 20. Steven S, Frenis K, Oelze M, Kalinovic S, Kuntic M, Bayo Jimenez MT, et al. 
Vascular inflammation and oxidative stress: major triggers for cardiovascular disease. 
Oxidative Med Cell Longev. (2019) 2019:1–26. doi: 10.1155/2019/7092151

 21. Azzini E, Polito A, Fumagalli A, Intorre F, Venneria E, Durazzo A, et al. 
Mediterranean diet effect: an Italian picture. Nutr J. (2011) 10:125. doi: 
10.1186/1475-2891-10-125

 22. Trujillo-Mayol I, Guerra-Valle M, Casas-Forero N, Sobral MMC, Viegas O, 
Alarcón-Enos J, et al. Western dietary pattern antioxidant intakes and oxidative stress: 
importance during the SARS-CoV-2/COVID-19 pandemic. Adv Nutr. (2021) 12:670–81. 
doi: 10.1093/advances/nmaa171

 23. Farhangi MA, Najafi M. Empirically developed dietary inflammatory 
potential (EDIP) in patients candidate for coronary artery bypass grafting surgery 
(CABG): association with metabolic parameters, dietary antioxidant quality score 
and dietary phytochemical index. PLoS One. (2018) 13:e0208711. doi: 10.1371/
journal.pone.0208711

 24. He H, Chen X, Miao D, Zhang H, Wang Y, He X, et al. Composite dietary 
antioxidant index and plasma levels of soluble klotho: insights from NHANES. Oxidative 
Med Cell Longev. (2023) 2023:1–8. doi: 10.1155/2023/3524611

 25. Kobayashi S, Murakami K, Sasaki S, Uenishi K, Yamasaki M, Hayabuchi H, et al. 
Dietary total antioxidant capacity from different assays in relation to serum C-reactive 
protein among young Japanese women. women. Nutr J. (2012). 11:91. doi: 
10.1186/1475-2891-11-91

 26. Floegel A, Chung S, von Ruesten A, Yang M, Chung CE, Song WO, et al. 
Antioxidant intake from diet and supplements and elevated serum C-reactive protein 
and plasma homocysteine concentrations in US adults: a cross-sectional study. Public 
Health Nutr. (2011) 14:2055–64. doi: 10.1017/S1368980011000395

 27. Detopoulou P, Panagiotakos DB, Chrysohoou C, Fragopoulou E, Nomikos T, 
Antonopoulou S, et al. Dietary antioxidant capacity and concentration of adiponectin 
in apparently healthy adults: the ATTICA study. Eur J Clin Nutr. (2010) 64:161–8. doi: 
10.1038/ejcn.2009.130

 28. Mozaffari H, Daneshzad E, Surkan PJ, Azadbakht L. Dietary total antioxidant 
capacity and cardiovascular disease risk factors: a systematic review of 
observational studies. J Am  Coll Nutr. (2018) 37:533–45. doi: 
10.1080/07315724.2018.1441079

 29. Detopoulou P, Fragopoulou E, Nomikos T, Yannakoulia M, Stamatakis G, 
Panagiotakos DB, et al. The relation of diet with PAF and its metabolic enzymes in 
healthy volunteers. Eur J Nutr. (2015) 54:25–34. doi: 10.1007/s00394-014-0682-3

 30. Miller AP, Coronel J, Amengual J. The role of beta-carotene and vitamin a in 
atherogenesis: evidences from preclinical and clinical studies. Biochimica et Biophysica 
Acta. (2020) 1865:158635. doi: 10.1016/j.bbalip.2020.158635

 31. Xia Y, Hill KE, Li P, Xu J, Zhou D, Motley AK, et al. Optimization of selenoprotein 
P and other plasma selenium biomarkers for the assessment of the selenium nutritional 
requirement: a placebo-controlled, double-blind study of selenomethionine 
supplementation in selenium-deficient Chinese subjects. Am J Clin Nutr. (2010) 
92:525–31. doi: 10.3945/ajcn.2010.29642

 32. Yabuzaki J. Carotenoids database: structures, chemical fingerprints and 
distribution among organisms. Database. (2017) 2017:bax004. doi: 10.1093/database/
bax004

 33. Moser MA, Chun OK. Vitamin C and heart health: a review based on findings 
from epidemiologic studies. Int J Mol Sci. (2016) 17:1328. doi: 10.3390/ijms17081328

 34. Institute of Medicine Panel on Dietary A and Related C. Dietary Reference Intakes 
for Vitamin C, Vitamin E, Selenium, and Carotenoids. Washington, DC: National 
Academies Press (US), Academy of Sciences (2000).

 35. He FJ, Nowson CA, Lucas M, MacGregor GA. Increased consumption of fruit and 
vegetables is related to a reduced risk of coronary heart disease: meta-analysis of cohort 
studies. J Hum Hypertens. (2007) 21:717–28. doi: 10.1038/sj.jhh.1002212

 36. US Department of Agriculture and US Department of Health and Human 
Services. Dietary Guidelines for Americans, 2020–2025. 9th ed. Washington, DC: US 
Government Publishing Office (2020).

 37. Senoner T, Dichtl W. Oxidative stress in cardiovascular diseases: still a therapeutic 
target? Nutrients. (2019) 11:2090. doi: 10.3390/nu11092090

 38. Ginckels P, Holvoet P. Oxidative stress and inflammation in cardiovascular diseases 
and Cancer: role of non-coding RNAs. Yale J Biol Med. (2022) 95:129–52. Available at: 
https://www.ncbi.nlm.nih.gov/pmc/ articles/PMC8961704/

 39. Farhangi MA. Dietary total antioxidant capacity significantly interacts with 6-P21 
rs2010963 gene polymorphisms in terms of cardio-metabolic risk factors in patients 
with metabolic syndrome. BMC Res Notes. (2020) 13:145. doi: 10.1186/
s13104-020-04993-8

 40. Jayedi A, Rashidy-Pour A, Parohan M, Zargar MS, Shab-Bidar S. Dietary 
antioxidants, circulating antioxidant concentrations, Total antioxidant capacity, and risk 
of all-cause mortality: a systematic review and dose-response Meta-analysis of 
prospective observational studies. Adv Nutr. (2018) 9:701–16. doi: 10.1093/advances/
nmy040

 41. Psaltopoulou T, Panagiotakos D, Pitsavos C, Detopoulou P, Skoumas J, Stefanadis 
C, et al. Dietary antioxidant capacity is inversely associated with diabetes biomarkers: 
the ATTICA study. Nutr Metab Cardiovas Dis. (2011) 21:561–7. doi: 10.1016/j.
numecd.2009.11.005

https://doi.org/10.3389/fnut.2023.1214875
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1161/01.cir.0000437741.48606.98
https://doi.org/10.1161/CIR.0000000000000677
https://doi.org/10.1016/j.jacc.2017.11.006
https://doi.org/10.1002/biof.1890
https://doi.org/10.1038/s41598-022-05632-x
https://doi.org/10.1002/ijc.33925
https://doi.org/10.1017/S1368980021001944
https://doi.org/10.1017/S1368980021001944
https://doi.org/10.3389/fpubh.2022.988727
https://doi.org/10.1097/GME.0000000000002173
https://doi.org/10.1097/JCN.0000000000000943
https://doi.org/10.1097/JCN.0000000000000943
https://doi.org/10.1016/j.bbalip.2020.158635
https://doi.org/10.1007/s11356-022-22066-0
https://doi.org/10.1093/aje/kwh173
https://doi.org/10.1093/aje/kwh173
https://doi.org/10.1016/j.freeradbiomed.2018.12.018
https://doi.org/10.1001/jamanetworkopen.2020.17115
https://doi.org/10.1016/j.kint.2021.05.021
https://doi.org/10.7326/0003-4819-150-9-200905050-00006
https://doi.org/10.3390/nu10020158
https://doi.org/10.1016/j.jacc.2015.07.050
https://doi.org/10.1155/2019/7092151
https://doi.org/10.1186/1475-2891-10-125
https://doi.org/10.1093/advances/nmaa171
https://doi.org/10.1371/journal.pone.0208711
https://doi.org/10.1371/journal.pone.0208711
https://doi.org/10.1155/2023/3524611
https://doi.org/10.1186/1475-2891-11-91
https://doi.org/10.1017/S1368980011000395
https://doi.org/10.1038/ejcn.2009.130
https://doi.org/10.1080/07315724.2018.1441079
https://doi.org/10.1007/s00394-014-0682-3
https://doi.org/10.1016/j.bbalip.2020.158635
https://doi.org/10.3945/ajcn.2010.29642
https://doi.org/10.1093/database/bax004
https://doi.org/10.1093/database/bax004
https://doi.org/10.3390/ijms17081328
https://doi.org/10.1038/sj.jhh.1002212
https://doi.org/10.3390/nu11092090
https://www.ncbi.nlm.nih.gov/pmc/ articles/PMC8961704/
https://doi.org/10.1186/s13104-020-04993-8
https://doi.org/10.1186/s13104-020-04993-8
https://doi.org/10.1093/advances/nmy040
https://doi.org/10.1093/advances/nmy040
https://doi.org/10.1016/j.numecd.2009.11.005
https://doi.org/10.1016/j.numecd.2009.11.005


Zhang et al. 10.3389/fnut.2023.1214875

Frontiers in Nutrition 10 frontiersin.org

 42. Brunt VE, Gioscia-Ryan RA, Casso AG, VanDongen NS, Ziemba BP, Sapinsley ZJ, 
et al. Trimethylamine-N-oxide promotes age-related vascular oxidative stress and 
endothelial dysfunction in mice and healthy humans. Hypertension. (2020) 76:101–12. 
doi: 10.1161/HYPERTENSIONAHA.120.14759

 43. Inoue N. Stress and atherosclerotic cardiovascular disease. J Atheroscler Thromb. 
(2014) 21:391–401. doi: 10.5551/jat.21709

 44. Hermsdorff H, Puchau B, Volp A, Barbosa KBF, Bressan J, Zulet MÁ, et al. Dietary 
total antioxidant capacity is inversely related to central adiposity as well as to metabolic 
and oxidative stress markers in healthy young adults. Nutr Metabol. (2011) 8:59. doi: 
10.1186/1743-7075-8-59

 45. Georgoulis M, Fragopoulou E, Kontogianni M, et al. Blood redox status is 
associated with the likelihood of nonalcoholic fatty liver disease irrespectively of 
diet's total antioxidant capacity. Nutr Res. (2015) 35:41–8. doi: 10.1016/j.
nutres.2014.11.004

 46. Kim K, Vance T, Chun O. Greater Total antioxidant capacity from diet and 
supplements is associated with a less Atherogenic blood profile in U.S. adults. Nutrients. 
(2016) 8:15. doi: 10.3390/nu8010015

 47. Rajkumar S, Fretts AM, Howard BV, Yeh F, Clark M. The relationship between 
environmental tobacco smoke exposure and cardiovascular disease and the potential 
modifying effect of diet in a prospective cohort among American Indians: the strong heart 
study. Int J Environ Res Public Health. (2017) 14:504. doi: 10.3390/ijerph14050504

 48. Jamshidi-kia F, Wibowo JP, Elachouri M, Masumi R, Salehifard-Jouneghani A, 
Abolhasanzadeh Z, et al. Battle between plants as antioxidants with free radicals in 
human body. J Herbmed Pharmacol. (2020) 9:191–9. doi: 10.34172/jhp.2020.25

 49. Chbel A, Elmakssoudi A, Rey-Méndez M, Barja JL, Soukri A, el khalfi B. Analysis 
of the chemical compositions of six essential oils and evaluation of their antioxidant and 
antibacterial activities against some drug-resistant bacteria in aquaculture. J Herbmed 
Pharmacol. (2022) 11:401–8. doi: 10.34172/jhp.2022.46

https://doi.org/10.3389/fnut.2023.1214875
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1161/HYPERTENSIONAHA.120.14759
https://doi.org/10.5551/jat.21709
https://doi.org/10.1186/1743-7075-8-59
https://doi.org/10.1016/j.nutres.2014.11.004
https://doi.org/10.1016/j.nutres.2014.11.004
https://doi.org/10.3390/nu8010015
https://doi.org/10.3390/ijerph14050504
https://doi.org/10.34172/jhp.2020.25
https://doi.org/10.34172/jhp.2022.46

	Associations between composite dietary antioxidant index and estimated 10-year atherosclerotic cardiovascular disease risk among U.S. adults
	1. Introduction
	2. Materials and methods
	2.1. Study population
	2.2. Calculation of CDAI
	2.3. Assessment of ASCVD risk
	2.4. Covariates
	2.5. Statistical analysis

	3. Results
	3.1. Baseline characteristics
	3.2. Association between CDAI score and 10-year ASCVD risk

	4. Discussion
	5. Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note

	References

