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Worldwide, atherosclerotic cardiovascular diseases (ASCVD) are the leading cause of death and are considered a major public
health concern. Exposure to repeated inflammation may contribute to the development of ASCVD, and diet plays a vital role in
inflammation. In this study, we explored the correlation between the dietary inflammatory index (DII) and the 10-year ASCVD
risk in Korean adults. We used multistage, stratified sampling to analyze a representative sample of Korean adults aged 40-64
years from the 7th Korea National Health and Nutrition Examination Survey data. Logistic regression was carried out to
evaluate the association between 10-year high risk for ASCVD and dietary variables including DII. Participants were separated
by quartiles, from Q1 to Q4, according to DII scores. Participants in the Q1 group had the lowest DII scores indicating a more
anti-inflammatory diet. Participants in the Q4 group had the highest DII scores indicating more proinflammatory diets.
Estimated risk of ASCVD results was categorized into the low-risk (less than 7.5% risk) and high-risk (greater than 7.5% risk)
groups. In men, participants in the Q3 group had a risk for ASCVD of 1.20 times higher than the Q1 group participants and
participants in the Q4 group had a risk of 1.34 times higher than the participants in the Q1 group. In women, ASCVD risk was
not significantly associated with DII scores. These results provide systematically analyzed evidence for dietary interventions in
ASCVD prevention efforts, especially in men.

1. Introduction

Globally, the proportion of the aging population is expanding
at a rapid rate. Korea faces the prospect of having the largest
aged population in the world [1]. Age-related reduction of
physical function is a natural process; however, a variety of
factors can expedite this process and in turn reduce an indi-
vidual’s capacity to perform activities of daily living. Cardio-
vascular disease is the leading cause of death in the elderly
[2]. This condition is a result of both lifestyle and genetic fac-
tors and can reduce the quality of life for individuals as well
as increase medical costs nationally [3]. Coronary artery dis-
ease, stroke, and peripheral artery disease are all conditions

of atherosclerotic cardiovascular disease (ASCVD). In
November 2013, the American Heart Association (AHA)
and the American College of Cardiology (ACC) published a
risk assessment tool for ASCVD [4]. The assessment calcu-
lates the risk of developing ASCVD within 10 years by eval-
uating factors such as age, blood pressure, smoking history,
cholesterol levels, and diseases known to cause atherosclero-
sis. The assessment estimates the potential for disease devel-
opment and offers targeted prevention strategies.

Inflammation is often a result of tissue damage [5]. When
vascular inflammation occurs, it affects collagen and elastin,
which in turn can damage the vascular endothelium that con-
trols vascular contraction [6]. This may lead to permanent
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endothelial damage. The vascular endothelium plays a key
role in regulating vascular contractility and is difficult to
recover once the damage has occurred. When exposed to
repeated inflammation, the vascular system is pathologi-
cally restructured over time, and the body’s physiological
feedback system may not respond properly [7]. This may
contribute to the development of ASCVD and its related
complications. Diet also plays an important role in inflam-
mation levels, as shown by extensive research [8]. For
example, recent studies show that folate intake may reduce
inflammatory markers, and high-fiber diets may also be
associated with reduced inflammation [9, 10]. Increased
consumption of fruits and vegetables was found to reduce
C-reactive protein and tissue plasminogen activator antigen
(t-PA antigen), the inflammatory markers that are associ-
ated with vascular endothelial damage [11]. There is also a
correlation between the consumption of food high in glucose
and the elevated C-reactive protein levels [12]. Therefore, it
can be concluded that dietary patterns and inflammation
are closely related. A recent study showed that Koreans are
consuming an increasing amount of sweetened beverages
and fast food, which are known to elevate inflammatory
markers, suggesting that dietary-related risk factors should
be considered [13].

The dietary inflammatory index (DII) is a model derived
from the results of 1943 articles and assesses the inflamma-
tory effect of an individual’s diet regardless of population
and independent of specific dietary assessment methods
[14]. Forty-five specific types of food, nutrients, and other
bioactive compounds for consumption have been assessed
for their capacity for changing the levels of specific inflam-
matory markers.

Regionally representative datasets based on diet surveys
from 11 countries were used to establish comparative stan-
dards for each of the 45 parameters [15]. Several studies have
focused on proinflammatory diets, as estimated by the DII,
which have been associated with an increased risk of cardio-
vascular disease and an elevated risk of a first myocardial
infarction [16]. Studies using data from Korean adults
showed that DII is positively correlated with increased
C-reactive protein levels [17]. However, there is still a
need to identify the dietary factors associated with high risk
for ASCVD in the Korean population. Therefore, this study
investigated the relationship between the dietary related fac-
tors, including DII, and the 10-year ASCVD risk in Korean
adults based on the 7th Korea National Health and Nutrition
Examination Survey (KNHANES) data. The study is aimed
at enhancing the understanding of ASCVD and at suggesting
methods of risk reduction. Moreover, the findings of this
study could be used as an educational resource to reduce
ASCVD and promote health programs.

2. Methods

2.1. Study Design. This is a descriptive, cross-sectional study
that reviews data from the 7th KNHANES to determine the
relationship between the DII and the risk of ASCVD in
Korean adults.

2.2. Data Collection. This study used data from the 7th

KNHANES conducted in 2016 and 2017 under the supervi-
sion of the Centers for Disease Control and Prevention under
the Ministry of Health and Welfare. The KNHANES is an
annual national research survey conducted since 1969 for
direct public welfare. Its purpose is to provide representative
and reliable national and municipal data on the health of the
general population. The survey data are then used to guide
health policies, develop and evaluate the goals of the Com-
prehensive National Health Promotion Plan, and design
health promotion programs. The KNHANES uses data from
the most recent population housing survey available at the
time of sampling and can be used to extract representative
samples of the target population (i.e., people over the age of
1 year) living in Korea. Data are collected via a health survey,
screening survey, and nutrition survey.

In total, 16,277 individuals participated in the KHANES
from 2016 to 2017. The participants ≥40 and ≤64 years old
were included for the present study since the ASCVD risk
calculation is specific for the age range 40 to 79 years and
the food intake survey is conducted on participants under
64 years of age. Participants were excluded from the study
if they were pregnant or had insufficient information to cal-
culate the ASCVD risk or DII value. Finally, a total of 4185
participants were included in the analysis. The study design
was approved by the Institutional Review Board of Korea
University (IRB-2019-0174) and was considered exempt.

2.3. Calculation of the Dietary Inflammatory Index (DII). The
dietary inflammatory index (DII) was calculated using the
food intake survey data obtained through a 24-hour recall
method used in the KNHANES. Individual interviews were
used to collect food intake data, and a nutrition research team
consisting of two nutritionists visited households to investi-
gate accurate information including spices, processed foods,
and dietary supplements used in food with open question.
To ensure validity, an interview was conducted a week later
of medical examination, because there are many influencing
factors that affect food intake such as fasting and drinking
alcohol the day before the medical examination. The calcula-
tion of the DII was conducted based on a method previously
reported on by Shivappa et al. [14]. A database consisting of
diet surveys from 11 countries, including Korea, the USA,
Australia, Bahrain, Denmark, India, Japan, New Zealand,
Taiwan, and Mexico, was used to establish comparative stan-
dards for the parameters. The DII score was calculated based
on the DII methods paper [14]. In brief, a standard mean for
each parameter based on data from the global database was
subtracted from individual scores from the KNHANES.
The results were then divided by their standard deviation to
generate Z scores. Z scores were converted to proportions
to minimize the effect of outliers. The proportions were mul-
tiplied by two and then subtracted to achieve a symmetric
distribution of inflammation scores for each DII factor. This
information was used to obtain an overall DII score.

For the present study, we included the following 37 com-
ponents to compute the DII score: carbohydrates, protein,
total fat, monounsaturated fatty acids (MUFAs), polyunsatu-
rated fatty acids (PUFAs), saturated fat, transfat, n-3 fatty
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acid, n-6 fatty acid, cholesterol, fiber, vitamin B1, vitamin
B2, niacin, vitamin B6, vitamin B12, folic acid, vitamin A,
vitamin C, vitamin D, vitamin E, b-carotene, iron, magne-
sium, selenium, zinc, flavan-3-ol, flavones, flavonols,
flavonones, anthocyanidins, isoflavones, garlic, caffeine,
onion, green and black tea, alcohol, and calories. The
nutritional content data used in this study were from the
Functional Ingredients Table (Rural Development Admin-
istration), Computer-Aided Nutritional Analysis (The
Korean Nutrition Society), and data provided by the U.S.
Department of Agriculture. Several previous studies have
validated the use of the 37 parameters for the DII score
[18–20]. For the assessment, positive scores indicate more
proinflammatory diets and negative values are more anti-
inflammatory.

2.4. ASCVD 10-Year Risk Calculation. According to the
American College of Cardiology (ACC)/American Heart
Association (AHA) guidelines, the 9 variables included in
the ASCVD 10-year risk calculation are race, sex, age, total
cholesterol, HDL cholesterol, blood pressure, diabetes diagno-
sis, treatment for hypertension, and smoking. Age was grouped
by 10-year intervals. The variables were calculated using the
pooled cohort equations (PCEs) through a web-based calcula-
tor (http://my.americanheart.org/cvriskcalculator) to compute
the 10-year risk of ASCVD. The results were categorized into
the low-risk (less than 7.5% risk), and high-risk (greater than
7.5% risk) groups [4].

2.5. Data Analysis. KNHANES is a cross-sectional survey of
the Koreans which assessed the overall health and nutrition.
This dataset was designed as a complex, stratified, multistage,
and probability-cluster sampling which has been certified as
appropriate for representative statistics. Thus, it is a nation-
ally representative sample of individuals from the noninstitu-
tionalized Korean population. Thus, we used a complex
sampling method that considers the characteristics of the
raw data to analyze the KNHANES data. To analyze the
KNHANES data, we used a complex sampling method that
considers the characteristics of the raw data. Analysis of the
mixed-sample design utilized stratification, niche, and
weights provided by the Centers for Disease Control and
Prevention to increase the representativeness and accuracy
of variable estimates. The collected data was analyzed using
SPSS v. 22.0 software (IBM Corp., Armonk, NY, USA).
p value of <0.05 was considered significant for all statis-
tical tests. The general characteristics of the participants
are summarized with descriptive statistics. The 10-year
risk of ASCVD and the DII in Korean adults were com-
pared between groups by the analysis of variance and χ2

test. Logistic regression analyses were performed to iden-
tify the association between the quartile of DII and the
ASCVD 10-year risk according to sex.

3. Results

3.1. General Characteristics of the Study Population. The gen-
eral characteristics of the study population are shown in
Table 1. Among 4185 participants, 1712 were men and

2473 were women. The mean age was 52:51 ± 0:17 years.
Participants were separated by quartiles, from Q1 to Q4,
according to DII scores. Participants in the Q1 group had
the lowest DII scores indicating a more anti-inflammatory
diet. Participants in the Q4 group had the highest DII scores
indicating more proinflammatory diets.

3.2. Effect of DII and Dietary-Associated Factors on the
ASCVD Risk Group in Men and Women. Characteristics of
the study participants according to sex in quartiles of the
DII are presented in Table 2. In both men and women,
subjects with higher DII scores were characterized by
lower household income, lower subjective body image,
poor subjective health status, current smoker, diabetes
mellitus diagnosis, poor treatment for hypertension, and
ASCVD high-risk group compared to subjects with lower
DII scores (p < 0:001, respectively). We observed statisti-
cally significant positive associations between the quartiles
of the DII scores and the ASCVD high-risk group (≥7.5)
in men with 36.9% in Q1 and 45.1% in Q4 (p < 0:001).
In women, the quartiles of the DII scores were signifi-
cantly positively related to the ASCD high-risk group
(≥7.5) with 4.7% in Q1 and 4.8% in Q4 (p < 0:001).

To evaluate the effects of DII scores on the risk of
ASCVD in Korean men and women, a multivariate logistic
regression analysis was performed (Table 3). In men, sub-
jective health status had a significant effect on ASCVD risk
(p < 0:001). According to subjective health status, the
ASCVD risk for the “poor” group was 1.75 times higher
than that for the “good” group, and the risk in the “mod-
erate” group was 1.32 times higher than that in the “good”
group. DII scores according to quartiles were significantly
associated with ASCVD risk (p < 0:05). Participants in
the Q3 group had a risk for ASCVD of 1.20 times higher
than the Q1 group participants, and participants in the Q4
group had a risk 1.34 times higher than the participants in
the Q1 group. In women, subjective health status had a
significant effect on the risk of ASCVD (p < 0:001). How-
ever, ASCVD risk was not significantly associated with
DII scores (Table 3).

4. Discussion

This study is aimed at analyzing multistage, stratified
sampling data representative of the population to determine
10-year ASCVD risk among Koreans aged 40-64 years and
at classifying risk according to dietary variables. The results
show that elevated DII scores in Korean men are positively
associated with a higher risk for ASCVD over a 10-year
period. In women, subjective health status is associated with
ASCVD risk, but DII scores are not an accurate predictor of
10-year ASCVD risk.

Understanding and classifying factors associated with a
higher risk of ASCVD is important to guide prevention
efforts. The 10-year ASCVD risk calculation was developed
for estimating risk for ASCVD and classifying high-risk
groups using multiple factors such as age, race, HDL-C, TC,
SBP, sex, smoking status, and treatment for hypertension or
diabetes mellitus [4]. Since cardiovascular disease is closely
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related to lifestyle [21], we evaluated the relationship between
10-year ASCVD risk and DII scores, which reflect dietary
lifestyle.

The DII score is based on the relationship between sys-
temic inflammatory biomarkers and diet and indicates the
overall inflammatory potential of a diet using 45 parameters
[14]. In this study, the quartile of DII reflected differences in
demographic variables that could affect the quality of the
diet, such as subjective body image [22], household income
[23], and subjective health status [24]. Thus, those vulnerable
demographic characters seem to be related to unhealthy
dietary habit, contributing to the potential systemic
inflammation state. Moreover, since chronic inflammation
also has an important role in the pathogenesis of ASCVD
[25], the DII is used to reflect an individual’s amount of
potential inflammatory exposure through diet and therefore
also reflects the risk for ASCVD. These results are consis-
tent with previous research that finds a close relationship
between systemic inflammation and ASCVD, including
atherosclerosis [26].

Our study showed a difference in ASCVD risk according
to sex. Specifically, the DII score was associated with the
high-risk group in Korean men, whereas there was no signif-
icant association between the DII score and the risk in
Korean women. This is consistent with a previous study that
found a difference in risk for cardiovascular disease accord-
ing to sex [27]. It has also been reported that women tend
to be less susceptible to environmental stress, such as oxida-
tive stress, than men [28]. One factor influencing the differ-
ence may be related to sex hormones. Estrogen is a potent
sexual steroid hormone in women that is known for its anti-
oxidant and anti-inflammatory effect [29]. Thus, a systemic
inflammatory state related to dietary habits may have less
of an effect on women. Another explanation for the differ-
ence may be associated with a poorer lifestyle. In the present
study, men had a high prevalence of unhealthy lifestyle habits
such as smoking. Thus, lifestyle modification, including die-

tary intervention, is needed to control and prevent ASCVD
in high-risk groups of men.

This study has some limitations. First, the 10-year
ASCVD risk score was developed based on Western sample
populations; thus, it may not be completely suitable for
Koreans. Second, there were potential limitations to the accu-
racy of the DII score because DII calculation was conducted
by a self-reported questionnaire. In addition, information
was not available for some DII parameters. Furthermore,
since this was a cross-sectional study, it is difficult to deter-
mine causality. Despite these limitations, this is the first study
to confirm that the DII score is positively correlated with the
10-year ASCVD risk using a well-defined, nationally repre-
sentative sample in Korea.

5. Conclusion

This study evaluated the association of quartile of DII and
10-year ASCVD risk in Korean adults. In conclusion, we
demonstrated that the quartile of DII is associated with the
10-year ASCVD risk in Korean men, providing evidence for
link between the highly proinflammatory diet identified as
DII and the risk of ASCVD. In addition, these results provide
systematically analyzed evidence for dietary interventions in
ASCVD prevention efforts, especially in men.

Data Availability

The data used to support the findings of this study are avail-
able from the corresponding author upon request.
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Table 3: Weighted logistic regression analysis of factors affecting high risk of 10-year ASCVD according to sex.

OR 95% CI

Men

DII∗

Q1 Reference

Q2 0.89 0.66-1.21

Q3 1.20 0.86-1.67

Q4 1.34 0.10-1.8

Subjective health status∗∗
Good Reference

Moderate 1.32 1.03-1.69

Poor 1.75 1.23-2.47

Women

DII

Q1 Reference

Q2 0.75 0.39-1.44

Q3 0.94 0.51-1.73

Q4 0.98 0.52-1.83

Subjective health status∗∗
Good Reference

Moderate 1.82 0.92-3.57

Poor 3.09 1.49-6.40

Abbreviations: OR: odds ratio; DII: dietary inflammatory index. ∗∗p values < 0.001 are considered significant. ∗p values < 0.05 are considered significant.
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