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a b s t r a c t 

Persons with underlying noncommunicable diseases (NCDs) are more likely to acquire se- 

vere coronavirus disease 2019 disease and to die from coronavirus disease 2019. An urgent 

need for potential therapy to prevent and control NCDs is critical. We hypothesized that 

higher intakes of multiple individual nutrients, fruits, or vegetables would be linked with a 

low risk of NCDs in the Korean population. Thus, we aim to explore the association between 

NCDs, including cardiovascular diseases, type 2 diabetes mellitus (T2DM), arthritis, depres- 

sion, and dietary factors. A total of 56,462 adults aged 18 years (2009-2019) were included. 

Dietary factors, including intakes of multiple individual nutrients, fruits, and vegetables, 

were assessed. Multivariable-adjusted logistic regression models were used to explore the 

associations between dietary factors and NCDs. Interactions were found between intakes of 

multiple individual nutrients and sex for T2DM, hypertension, stroke, myocardial infarction, 

arthritis, and osteoarthritis. Only in women was a 2-fold increase in daily multiple individ- 

ual nutrient intake (vitamins A, B1, B2, B3, C; potassium, protein; phosphorus; calcium; iron; 

monounsaturated fatty acid and polyunsaturated fatty acid; n-3 fatty acid and n-6 fatty acid; 

and water) associated with a lower prevalence of T2DM, hypertension, stroke, myocardial 

infarction, arthritis, and osteoarthritis. In both women and men, high fruit or vegetable con- 

sumption was linked with a lower risk of T2DM, hypertension, dyslipidemia, osteoarthritis, 

and depression than low consumption. Our findings found higher intakes of fruits, vegeta- 

bles, and multiple individual nutrients are linked with a lower risk of NCDs in the Korean 
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hemoglobin; HDL-C, high-density lipoprotein cholesterol; HR, hazard ratio; KCDC, Korea Centers for Disease Control and Prevention; KN- 
HANES, Korea National Health and Nutrition Examination Survey; LDL-C, low-density lipoprotein cholesterol; MI, myocardial infarction; 
MUFA, monounsaturated fatty acid; NCD, noncommunicable disease; OR, odds ratio; PUFA, polyunsaturated fatty acid; RR, relative risk; 
T2DM, type 2 diabetes mellitus. 
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adult population. Further work is needed to identify whether interactions between intake 

of multiple individual nutrients, vegetables, and fruits affect the presence of NCDs. 

© 2021 Elsevier Inc. All rights reserved. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1. Introduction 

Noncommunicable diseases (NCDs) such as cardiovascular
disease (CVD) and type 2 diabetes mellitus (T2DM) account
for more than 70% of global deaths each year. Of note, NCDs
make up about 85% of premature deaths in low- and middle-
income countries [1] . The elderly, adults as well as children,
are all vulnerable to the risk factors that contribute to NCDs.
However, NCDs disproportionately impact vulnerable and dis-
advantaged groups in affluent countries [2] . 

In the past few decades, the consumption of junk and pro-
cessed foods has continued to rise rapidly in both developing
and developed countries [3–5] . Besides, calories obtained from
fiber-rich foods (e.g., pulses, whole grains, roots) have been de-
creasing, whereas calories obtained from oils, fats, meat, and
sugars have been accelerating rapidly globally. Dietary pat-
terns and nutrient intake are influenced by this nutrition tran-
sition, which affects the risk of developing NCDs [6] . On the
other hand, physical inactivity, exposure to heavy metals (e.g.,
cadmium, mercury, lead), tobacco smoke, or the harmful use
of alcohol also increase the risk of NCDs [3 ,7] . As a result, pre-
vention and control of NCDs are critical components of the
management of NCDs [1] . 

The benefits of nutrient-dense food-rich diets have been
highlighted in terms of longevity, healthy aging, and morbid-
ity [8] . Furthermore, several researchers have attempted to
identify the role of diets in NCDs, with the relationships be-
tween multiple individual nutrients, fruit, and vegetable in-
take and NCDs still being controversial. For instance, some
studies, for example, have shown that n-3 polyunsaturated
fatty acids have beneficial effects on arthritis [9–11] . However,
some studies have found no link between n-3 polyunsatu-
rated fatty acid intake and the risk of arthritis [12 ,13] . Our re-
cent study also showed thiamine intake was associated with
lower risks of NCDs (e.g., hypertension, myocardial infarction
or angina, T2DM, depression, dyslipidemia) [4] . These stud-
ies have prompted the search for dietary factors that may aid
in the prevention and control of NCDs. We hypothesized that
higher intakes of multiple individual nutrients, fruits, or veg-
etables were linked with a low risk of CVD, T2DM, arthritis,
and depression in the Korean population. Thus, data from na-
tional population-based surveys were used in this study to
identify associations between CVD, T2DM, arthritis, and de-
pression and dietary factors such as multiple individual nu-
trients, fruit, and vegetable intake. Multivariable-adjusted lo-
gistic regression models were used to assess the associations
between dietary factors and NCDs. We also identify the pos-
sible interaction of sex in the association of NCDs with total
vitamin dietary factors. To visualize the moderating effects of
hypertension and T2DM, marginal effects were employed us-
ing the results of logistic regression analysis. With our deeper
analysis, our findings may partly explain sex differences in
the association between dietary factors and CVDs, which was
not explored enough. These findings also confirm the previ-
ous findings showing the role of dietary factors in the pathol-
ogy of CVDs. Taken together, this study may partly contribute
to gaining a better understanding of the effects of dietary fac-
tors on NCDs in women and men. 

2. Methods and Materials 

2.1. Design and data collection 

Design and data collection methods have been published else-
where [14 ,15] . Between 2009 and 2019, 91,394 persons partic-
ipated in the Korea National Health and Nutrition Examina-
tion Survey (KNHANES). Specifically, randomly selected sub-
jects numbered 10,533 (2009), 8958 (2010), 8518 (2011), 8058
(2012), 8018 (2013), 7550 (2014), 7380 (2015), 8150 (2016), 8127
(2017), 7992 (2018), and 8110 (2019). Participants in this study
(1) completed all 3 parts of the study, which included a health
examination survey, a health interview survey, and a nutri-
tion survey, and (2) provided information on multiple indi-
vidual nutrients, fruit and vegetable consumption, lifestyle,
current medications, and medical and family history [4] . In
this study, we excluded 19,000 participants under the age of
18, and 7146 records with missing values for major diseases
(5712, hypertension and T2DM; 3, dyslipidemia; 8, arthritis; 8,
rheumatoid arthritis; 1315, stroke; 91, myocardial infarction
[MI] or angina; 9, depression), dietary factors (7828 missing
vitamin B1), and 753 subjects who had an energy intake of
more than 5000 Kcal (499) or less than 500 Kcal (254), and
205 who were pregnant or lactating. As a result, the data
of 56,462 adults were analyzed. Information on demographic
and social characteristics (e.g., age group, education levels,
occupation) is defined elsewhere [4] . All individuals were re-
quired to provide written informed consent before examina-
tions, which were conducted by the Department of the Korea
Centers for Disease Control and Prevention (KCDC). These sur-
veys were conducted with the approval of the institutional re-
view board of the KCDC (2009-01CON-03-2C, 2010-02CON-21-
C, 2011-02CON-06-C, 2012-01EXP-01-2C, 2013-07CON-03-4C,
2013-12EXP-03-5C, 2015-01-02-6C, 2018-01-03-P-A). KNHANES
was conducted without approval in 2016, 2017, and 2019, ac-
cording to the opinion of the institutional review board of the
KCDC [14] . 

2.2. Food intake 

Daily dietary multiple individual nutrient intakes were mea-
sured as mean 24-hour dietary intakes and calculated using
the Korean Nutrition Society’s Can-Pro 3.0 nutrient intake as-
sessment software [16] . Individuals completed a semiquan-
titative questionnaire on food frequency, which addressed
the intake of 63 food products. From the 63 food items, 3
groups (green vegetables, other vegetables, and fruits) were
chosen. The green vegetable group includes radish leaves,
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spinach, cucumber, and pepper; the other vegetable group in-
cludes radish, pumpkin, carrot, sprouts, cabbage, Korean cab-
bage, and tomato; and the fruit group includes persimmon,
pear, watermelon, peach, strawberry, tangerine, banana, ap-
ple, grape, and citrus. The participants were divided into 3
groups based on the frequency with which they consumed
vegetables and fruits [3] . 

2.3. Serum levels of vitamins A, D, and E 

Serum 25-hydroxyvitamin D levels were measured with a 125I
radioimmunoassay kit (DiaSorin Inc., Stillwater, MN, USA) us-
ing a γ -counter (1470 Wizard; PerkinElmer, Turku, Finland).
Intra- and inter-assay coefficients of variation (CV) were 6.7%
to 12.5% and 7.6% to 12.9% for serum 25-hydroxyvitamin D,
respectively [16] . A serum 25-hydroxyvitamin D level of 75
nmol/L or higher indicates vitamin D sufficiency [17] . Serum
retinol (μmol/L) and serum α-tocopherol (μmol/L) levels were
measured with an Agilent1200 (Agilent1200; Agilent, USA)
using Chromsystems (Chromsystems; Chromsystems Instru-
ments & Chemicals, Germany) reagents. The reference normal
ranges for serum retinol and α-tocopherol in adults are 1.7 to
2.2 μmol/L and 12 to 30 μmol/L, respectively [18 ,19] . The intra-
and inter-assay CVs for serum retinol and serum α-tocopherol
were in the range of 3.1% to 7.8% [16] . 

2.4. Laboratory measurements 

During medical examinations, weight, height, waist circum-
ference, and blood pressure were measured using the stan-
dard procedures by trained staff. Blood specimens were taken
following an 8-hour fast and analyzed at Korea’s Neodin Med-
ical Institute. Lipid profiles (high-density lipoprotein choles-
terol [HDL-C], low-density lipoprotein cholesterol [LDL-C], to-
tal cholesterol, triglycerides), glycated hemoglobin (HbA1c),
and fasting glucose levels were measured as previously de-
scribed [16] . In brief, an enzymatic assay was used to de-
termine triglycerides (mg/dL), total cholesterol (mg/dL), and
HDL-C (mg/dL) using Cholest N HDL, Pureauto SCHO-N, and
Cholestest LDL agent (Sekisui, Tokyo, Japan) on a Hitachi
Automatic Analyzer 7600-210 (Hitachi, Tokyo, Japan). Serum
LDL-C (mg/dL) is calculated using the Friedewald equation
(serum LDL-C = serum total cholesterol – serum HDL-C –
serum triacylglycerol/5) [20] . HbA1c levels (%) were analyzed
with high-performance liquid chromatography 723G7 (Tosoh,
Tokyo, Japan). Fasting glucose levels (mg/dL) were measured
using a Hitachi automatic analyzer 7600. The intra- and inter-
assay CVs were < 2.40% and < 1.60% for triglycerides; < 0.62%
and < 1.22% for total cholesterol; < 2.60% and < 2.30% for HDL-
C; 3.12% and < 2.80% for HbA1c; and < 2.93% and < 2.41% for
fasting glucose levels, respectively [16] . 

2.5. Urinary cotinine and smoking verification 

Urinary cotinine levels were measured as previously described
[16] . Spot urinary specimens were collected to measure uri-
nary cotinine levels by gas chromatography/mass spectrom-
etry using a PerkinElmer Clarus 600T unit with a detection
limit of 1.26 ng/mL. Standard reference materials were used
for internal quality assurance and control purposes (ClinChek,
RECIPE, Munich, Germany). Participants with a urinary co-
tinine level of ≥50 ng/mL were defined as cotinine-verified
smokers [3 ,7] . 

2.6. Parameters 

Alcohol consumption was classified as low and high (high-
risk drinking was defined as more than 5 drinks per day for
more than a month). Subjects who had smoked more than 100
cigarettes in their lifetime and continued to smoke daily or on
occasion were classified as current smokers; others were clas-
sified as ex-/nonsmokers. Physical activity was dichotomized
as either regular or irregular. Regular physical activity was de-
fined as either (1) participation in vigorous physical activity,
≥20 minutes per session ≥3 days a week; (2) or participation
in moderate physical activity, ≥30 minutes per session ≥5 days
per week; (3) or participation in walking, ≥30 minutes per ses-
sion ≥5 days a week [21] . 

Dyslipidemia was defined as having 1 or more of the follow-
ing conditions: LDL-C ≥ 160 mg/dL, triglycerides ≥ 200 mg/dL,
and HDL-C < 40 mg/dL. Hypertension was defined as having
a systolic blood pressure of 140 mmHg or a diastolic blood
pressure of 90 mmHg or being on antihypertensive medica-
tion. T2DM was defined as having a fasting plasma glucose of
126 mg/dL or being on antidiabetic medication, or a HbA1c of
65%. Stroke, MI, MI or angina, arthritis, osteoarthritis, rheuma-
toid arthritis, and depression were defined as physician diag-
nosis, current presence or treatment for stroke, angina, MI, MI
or angina, arthritis, osteoarthritis, rheumatoid arthritis, and
depression. A family history of CVD was defined as having at
least 1 parent or sibling with a diagnosis of hypertension, is-
chemic heart disease, or stroke. A family history of T2DM or
hyperlipidemia was defined as having at least 1 parent or sib-
ling with a diagnosis of T2DM or hyperlipidemia [4] . 

2.7. Statistical analyses 

STATA software (version 160; Stata Corp, TX, USA) was used
for the statistical analysis. For categorical variables, the base-
line characteristics of participants are presented as frequen-
cies and proportions, and for continuous variables, as means
and standard deviations or median and interquartile range.
Survey sample weights were used in all analyses to generate
estimates that were representative of the noninstitutionalized
civilian Korean population [4 ,7 ,22] . 

The daily levels of multiple individual nutrients (e.g., B vi-
tamins, vitamin C, protein, iron) were log2 transformed be-
cause their distributions were right skewed. The daily levels of
multiple individual nutrients were described as the geometric
mean and 95% confidence interval (CI) [22] . 

The associations between NCDs (e.g., T2DM, hypertension,
stroke) and daily levels of multiple individual nutrients, and
vegetables and fruits were assessed by logistic regression. Po-
tential covariates were obtained from the literature, chosen
based on subjective prior knowledge, or shown by univariate
analysis to have P values of ≤.25, and these variables were en-
tered into the full model [23] . Potential factors included age
group ( ≤29, 30-39, 40-49, 50-59, 60-69, 70-79, ≥80 years), sex
(male, female), monthly household income ( < 2000, ≥2000 and



22 Nutrition Research 100 (2022) 19–32 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

< 4000, ≥4000 and < 6000, ≥6000 thousand won), physical activ-
ity (not regular, regular), body mass index (BMI) ( < 18.5, ≥18.5
and < 25, ≥25 and < 30, and ≥30 kg/m 

2 ), high-risk drinking
(yes, no), and cotinine-verified smoker (yes, no), smoking sta-
tus (non-/ex-smoker, current smoker), occupation (white col-
lar, blue collar, none), education levels ( ≤middle school, high
school, ≥college), energy intake (Kcal), family history of CVDs
or T2DM or hyperlipidemia (yes, no). The interactions of NCDs
and daily levels of multiple individual nutrients, and vegeta-
bles and fruits were also assessed. Because many factors are
associated with NCDs, we only predict the risks of hyperten-
sion and T2DM through marginal effects. Statistical tests were
2-sided, and P values < .05 were considered statistically signif-
icant [4 ,7 ,22] . 

3. Results 

A total of 56,462 adults (mean age 51.1 ± 16.1 years, min-max:
18-80) that participated in the KNANES 2009-2019 survey were
included. Among women (n = 33,354), there were significantly
more who were aged from 40 to 59 years, unemployed, mar-
ried, living in a rural location, had a low education level, had
a low monthly income household, were normal weight (BMI ≥
18.5 and < 25 kg/m 

2 ), nonsmokers, had less physical activity,
and had a family history of T2DM or dyslipidemia. 

Women had a significantly higher prevalence of arthri-
tis and osteoarthritis, and higher waist circumference, total
cholesterol, HDL-C, energy intake, and fruit consumption than
in men. By contrast, levels of vitamins (B1, B2, B3, C, A, and
D), retinol, potassium, sodium, phosphorus, iron, protein, n-3
fatty acid, n-6 fatty acid, monounsaturated fatty acid (MUFA),
polyunsaturated fatty acid (PUFA), water, and fiber intake were
significantly greater in men. Table 1 shows baseline charac-
teristics, cardiometabolic risk factors, and dietary patterns ac-
cording to gender. 

After adjustment for potential confounders, a 2-fold in-
crease in daily vitamins B1, B2, B3, A, C, and retinol were nega-
tively associated with T2DM. Furthermore, a doubling of daily
potassium, protein, iron, MUFA, PUFA, n-3 fatty acid, n-6 fatty
acid, and water intake was significantly associated with a de-
crease in T2DM by 10% (odds ratio [OR] 0.90; 95% CI, 0.85-
0.94), 14% (OR 0.86; 95% CI, 0.82-0.90), 6% (OR 0.94; 95% CI,
0.90-0.98), 9% (OR 0.91; 95% CI, 0.88-0.95), 6% (OR 0.94; 95%
CI, 0.91-0.98), 5% (OR 0.95; 95% CI, 0.92-0.98), 5% (OR 0.95; 95%
CI, 0.91-0.99), and 14% (OR 0.86; 95% CI, 0.82-0.90), respec-
tively. We found that a high intake of other vegetables and
fruits was a significant contributor to the reduced prevalence
of T2DM. The OR (95% CI) for high-consumption (highest ter-
tile) groups for other vegetable intake was 0.67 (0.52-0.86) in
comparison with the low-consumption group. The OR (95% CI)
for high-consumption (highest tertile) groups for green veg-
etable intake was 0.71 (0.56-0.89) in comparison with the low-
consumption group. High and moderate fruit intake reduced
the risk of T2DM significantly more than the low-consumption
group (OR 0.66; 95% CI, 0.48-0.91), and (OR 0.44; 95% CI, 0.30-
0.64). Furthermore, smoking and high-risk drinking were pos-
itively associated with the prevalence of T2DM. Adjusted ORs
(95% CI) for NCD risks are provided in Table 2 . 
In the interaction model, with a 2-fold increase in daily vi-
tamins B2, C, and A intake in women, the ORs (95% CI) for
metabolic equivalents were 0.91 (0.84-0.98), 0.92 (0.88-0.97),
and 0.93 (0.89-0.98), respectively. Furthermore, among female
adults, a doubling of daily iron, MUFA, PUFA, and n-6 fatty
acid intake was significantly associated with a decrease in
metabolic equivalents by 8% (OR 0.91; 95% CI, 0.84-0.99), 9%
(OR 0.91; 95% CI, 0.84-0.99), 8% (OR 0.92; 95% CI, 0.86-0.98), 8%
(OR 0.92; 95% CI, 0.85-0.99), and 91% (OR 0.91; 95% CI, 0.85-
0.99), respectively. The interaction of sex in the association
between NCDs with daily intakes of multiple individual nu-
trients is provided in Table 3 . 

Figure 1 A-H and Fig. 1A-L show the marginal effects of daily
levels of multiple individual nutrients on hypertension and
T2DM by sex in the Korean population after adjustment for
potential cofounders. The associations between the intakes
of multiple individual nutrients showed similar trends. In-
takes of multiple individual nutrients had negative associa-
tions with the prevalence of hypertension and T2DM. 

4. Discussion 

Our hypothesis that an increased intake of multiple individ-
ual nutrients, fruits, or vegetables, was linked with the lower
risk of CVC, T2DM, arthritis, and depression in the Korean
population was confirmed by this study. Our study found a
negative relationship between intakes of multiple individ-
ual nutrients, vegetables, and fruits and CVC, T2DM, arthritis,
and depression in adults. An increase in daily vitamin (vita-
mins A, B1, B2, B3, C) and nutrient (potassium, protein, phos-
phorus, calcium, iron, MUFA, PUFA, n-3 fatty acid, n-6 fatty
acid, water) intakes was associated with a lower prevalence
of T2DM, hypertension, stroke, myocardial infarction, arthri-
tis, and osteoarthritis, only in females. High fruit or vegetable
consumption was linked with the low risk of cardiovascular
diseases, T2DM, arthritis, and depression in both women and
men. 

Diet is the most important modifiable factor in the pre-
vention and management of NCDs. Evidence has reported an
inverse association between NCDs (e.g., CVD, T2DM, arthri-
tis, depression) and dietary patterns rich in multiple indi-
vidual nutrients, fruits, and vegetables. Our study found that
an increase in daily multiple individual nutrients, fruit, and
vegetable intake was associated with a decrease in CVDs,
which was in line with previous studies. Specifically, a Chi-
nese study showed that consuming fresh fruits daily reduced
blood glucose levels by 0.5 mmol/L, systolic blood pressure by
4.0 mmHg, which was negatively related to ischemic stroke
(hazard ratio [HR]: 0.75; 95% CI, 0.72-0.79), coronary heart dis-
ease (HR: 0.66; 95% CI, 0.58-0.75), and hemorrhagic stroke (HR:
0.64; 95% CI, 0.56-0.74), and the risks of cardiovascular death
(HR: 0.60; 95% CI, 0.54-0.67), as compared with subjects who
never or rarely consumed fresh fruit [24] . Another cohort study
in China also found that higher dietary total fruit and veg-
etable intake protected against CVD; the HRs for vegetable and
fruit intake were 0.94 (95% CI, 0.59-1.50) and 0.62 (95% CI, 0.37-
1.03), respectively [25] . Additionally, a Japanese study found
that regular consumption of citrus fruit may reduce the risk
of CVD, especially stroke and cerebral infarction; the HR for al-
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TABLE 1 – Baseline characteristics according to the gender of the study population 

Variables n 

Males 
n = 23,108 

Females 
n = 33,354 

Demographic and social characteristics 
Age (y) 56,462 51.43 ± 17.14 51.43 ± 17.14 
Age group (%) 56,462 
≤29 6886 2986 (12.9) 3900 (11.7) 
30-39 9262 3525 (15.3) 5737 (17.2) 
40-49 10,044 3923 (17.0) 6121 (18.4) 
50-59 10,489 4146 (17.9) 6343 (19.0) 
60-69 10,007 4392 (19.0) 5615 (16.8) 
70-79 7678 3330 (14.4) 4348 (13.0) 
≥80 2096 806 (3.5) 1290 (3.9) 
Marital status (%) 56,445 
Married 47,977 18,826 (81.5) 29,151 (87.4) 
Living alone 8468 4274 (18.5) 4194 (12.6) 
Residential areas (%) 56,462 
Urban 44,766 18,090 (78.3) 26,676 (78.0) 
Rural 11,696 5018 (21.7) 6678 (20.0) 
Occupation (%) 56,168 
White-collar 18,832 8167 (35.6) 10,665 (32.1) 
Blue-collar 13,596 8047 (35.1) 5549 (16.7) 
None 23,740 6726 (29.3) 17,014 (51.2) 
Education level (%) 56,255 
≤Middle school 19,893 6824 (29.6) 13,069 (39.3) 
High school 18,441 8077 (35.1) 10,364 (31.2) 
≥College 17,921 8128 (35.3) 9793 (29.5) 
Monthly household income (%) a 56,136 
< 2000 17,848 7042 (30.7) 10,806 (32.6) 
≥2000 and < 4000 16,655 7029 (30.5) 9626 (29.0) 
≥4000 and < 6000 11,385 4702 (20.5) 6683 (20.2) 
≥6000 10,248 4204 (18.3) 6044 (18.2) 
BMI group (%) 56,310 
< 18.5 2442 700 (3.0) 1742 (5.3) 
≥18.5 and < 25 35,495 13,778 (59.8) 21,717 (65.3) 
≥25 and < 30 15,854 7595 (33.0) 8259 (24.8) 
≥30 2519 976 (4.2) 1543 (4.6) 
Smoking status (%) 55,631 
Non/ex-smoker 44,880 13,654 (60.1) 31,226 (94.8) 
Current smoker 10,751 9054 (39.9) 1697 (5.2) 
Cotinine verified smokers (%) 56,462 
No 21,988 7598 (32.9) 14,390 (43.1) 
Yes 34,474 15,510 (67.1) 18,964 (56.9) 
High-risk drinking status (%) 56,324 
No 50,868 27,760 (83.6) 23,108 (100) 
Yes 5456 5456 (16.4) 0 (0.0) 
Physical activity (%) 56,462 
Not regular 42,480 17,390 (75.3) 25,090 (75.2) 
Regular 13,982 5718 (24.7) 8264 (24.8) 
Family history of CVD (%) 55,999 
No 34,084 15,332 (65.1) 18,752 (57.8) 
Yes 21,915 8,238 (34.9) 13,677 (42.2) 
Family history of diabetes (%) 55,337 
No 45,176 19,521 (83.6) 25,655 (80.2) 
Yes 10,161 3822 (16.4) 6339 (19.8) 
Family history of hyperlipidemia (%) 43,907 
No 50,923 21,778 (95.6) 29,145 (93.6) 
Yes 2984 995 (4.4) 1989 (6.4) 
Medical history 
Type 2 diabetes (%) 56,462 
No 51,319 20,649 (89.4) 30,670 (92.0) 
Yes 5143 2459 (10.6) 2684 (8.0) 
Hypertension (%) 56,462 
No 42,944 17,284 (74.8) 25,660 (76.9) 
Yes 13,518 5824 (25.2) 7694 (23.1) 

( continued on next page ) 
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TABLE 1 ( continued ) 

Variables n Males 
n = 23,108 

Females 
n = 33,354 

Dyslipidemia (%) 56,462 
No 48,281 20,209 (87.5) 28,072 (84.2) 
Yes 8181 2899 (22.5) 5282 (25.8) 
Stroke (%) 56,462 
No 55,136 22,407 (97.0) 32,729 (98.1) 
Yes 1,326 701 (3.0) 625 (1.9) 
MI or angina (%) 56,462 
No 54,842 22,245 (96.3) 32,597 (97.7) 
Yes 1620 863 (3.7) 757 (2.3) 
MI (%) 56,462 
No 55,895 22,738 (98.4) 33,157 (99.4) 
Yes 567 370 (1.6) 197 (0.6) 
Arthritis (%) 56,462 
No 48,688 21,693 (93.9) 26,995 (80.9) 
Yes 7,774 1,415 (6.1) 6,359 (19.1) 
Osteoarthritis (%) 56,462 
No 49,549 21,879 (94.7) 27,670 (83.0) 
Yes 6913 1229 (5.3) 5684 (17.0) 
Rheumatoid arthritis (%) 56,462 
No 55,275 22,880 (99.0) 32,395 (97.1) 
Yes 1187 228 (1.0) 959 (2.9) 
Depression (%) 56,462 
No 53,936 22,594 (97.8) 31,342 (94.0) 
Yes 2526 514 (2.2) 2012 (6.0) 
Food intake 
24-h recall 
Energy intake (Kcal) 56,462 2255.93 ± 828.06 1677.02 ± 643.67 
Vitamin B1 intake (mg) b 56,462 1.47 (1.46-1.48) 1.11 (1.10-1.12) 
Vitamin B2 intake (mg) b 56,462 1.29 (1.28-1.30) 1.00 (0.99-1.01) 
Vitamin B3 intake (mg) b 56,462 15.19 (15.08-15.29) 11.38 (11.32-11.45) 
Vitamin C intake (mg) b 56,462 61.61 (60.87-62.36) 57.40 (56.78-58.02) 
Vitamin A intake (mg) b 56,462 525.69 (519.01-532.45) 429.08 (424.36-433.94) 
Vitamin D (ng/mL) ‡ 56,462 17.79 (17.67-17.91) 15.68 (15.59-15.77) 
Retinol (μg) b 56,462 47.76 (46.67-48.87) 38.64 (37.86-39.43) 
Sodium (mg) b 56,462 4019.85 (3988.86-4051.08) 2825.27 (2805.63-2845.04) 
Potassium (mg) b 56,462 2923.75 (2906.11- 2941.50) 2383.88 (2371.06-2396.76) 
Phosphorus (mg) b 56,462 1137.52 (1131.16-1143.91) 874.23 (870.07- 878.42) 
Protein (g) b 56,462 71.66 (71.21-72.11) 52.47 (52.20-52.75) 
Iron (mg) b 56,462 13.83 (13.73-13.93) 10.85 (10.78-10.92) 
Saturated fatty acid (g) b 56,462 11.01 (10.85- 11.17) 8.13 (8.03-10.24) 
MUFA (g) b 56,462 10.89 (10.71-11.06) 8.05 (7.93-8.16) 
PUFA (g) b 56,462 9.67 (9.54-9.80) 7.29 (7.20-7.38) 
n-3 fatty acid (g) b 56,462 1.35 (1.33-1.37) 1.05 (1.03-1.06) 
n-6 fatty acid (g) b 56,462 8.02 (7.91-8.13) 6.00 (5.93-6.08) 
Fiber (g) b 56,462 23.54 (23.29-23.78) 20.07 (19.89-20.26) 
Water (g) b 56,462 927.09 (919.46-934.79) 754.54 (749.33-759.78) 
Food Frequency Questionnaire c 

Green vegetables (%) 15,534 
Low consumption 11,597 4273 (72.1) 7324 (76.2) 
Medium consumption 3,018 1236 (20.9) 1782 (18.5) 
High consumption 919 415 (7.0) 504 (5.3) 
White vegetables (%) 15,571 
Low consumption 12,132 4626 (77.9) 7506 (78.0) 
Medium consumption 2706 1033 (17.4) 1673 (17.4) 
High consumption 733 283 (4.7) 450 (4.6) 
Fruits (%) 15,573 
Low consumption 12,918 5246 (88.3) 7672 (79.7) 
Medium consumption 1407 344 (5.9) 1063 (9.3) 
High consumption 1248 352 (5.8) 896 (11.0) 
Laboratory measurements 
Waist circumference (cm) b 56,462 58.41 ± 9.20 79.03 ± 9.93 

( continued on next page ) 
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TABLE 1 ( continued ) 

Variables n Males 
n = 23,108 

Females 
n = 33,354 

Total cholesterol (mg/dL) b 56,462 187.40 ± 36.78 191.39 ± 36.76 
LDL-C (mg/dL) b 56,462 113.51 ± 33.08 115.21 ± 33.31 
Triglyceride (mg/dL) d 56,462 122 (84-185) 95 (66-141) 
HDL-C (mg/dL) b 56,462 46.91 ± 11.22 53.16 ± 12.39 
HbA1c (%) 56,462 5.85 ± 0.94 5.76 ± 0.82 
Fasting glucose (mg/dL) 56,462 102.45 ± 25.08 97.44 ± 21.56 
hs-CRP (mg/L) d 56,462 0.61 (0.15-1.23) 0.51 (0.09-1.01) 
Hemoglobin (g/dL) 56,462 15.17 ± 1.26 13.08 ± 1.15 
Systolic blood pressure (mmHg) b 56,462 121.82 ± 15.58 117.61 ± 18.12 
Diastolic blood pressure (mmHg) b 56,462 77.87 ± 10.61 73.81 ± 9.83 
AST (IU/L) 56,462 22.90 ± 0.15 22.23 ± 0.11 
ALT (IU/L) 56,462 23.40 ± 0.22 21.15 ± 0.24 

ALT, alanine aminotransferase; AST, aminotransferase; BMI, body mass index (kg/m 

2 ); CVD, cardiovascular disease; hs-CRP, high sensitivity 
C-reactive protein; HbA1c, glycated hemoglobin; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; 
MUFA, monounsaturated fatty acid; PUFA, polyunsaturated fatty acid. 

a 
Thousand won. 

b 
Median (IQR). 

c 
Geometric mean and 95% confidence interval. 

d 
Data available from 2012 to 2016. 

Figure 1 – Marginal effects of multiple individual nutrient intakes on hypertension (A-L) by sex after adjustment for 
potential cofounders in the interaction model in the population (n = 56,462), a cross-sectional study, Korean National Health 

and Nutrition Examination Survey, Korea, 2009–2019. The margin effect showed higher intakes of multiple individual 
nutrients (e.g., vitamins B1, B2; C, potassium, calcium, protein, MUFA, PUFA, and n-6 fatty acid) were associated with a 
lower risk of hypertension in almost all females. Models were adjusted for age group ( < 29, 30-39, 40-49, 50-59, 60-69, 70-79, 
> 80), sex (male, female), monthly household income ( < 2000, ≥2000 and < 4000, ≥4000 and < 6000, ≥6,000), physical 
activity (not regular, regular), BMI ( < 18.5, ≥18.5 and < 25, ≥25 and < 30, and ≥30 kg/m 

2 ), high-risk drinking (yes, no), and 

cotinine-verified smoker (yes, no), smoking status (non/ex-smoker, current smoker), occupation (white-collar, blue-collar, 
none), education levels ( ≤middle school, high school, ≥college), energy intake (Kcal), family history of diabetes, 
dyslipidemia, and CVD (yes, no). BMI, body mass index; CVD, cardiovascular disease; MUFA, monounsaturated fatty acid; 
PUFA, polyunsaturated fatty acid. –, males , —-, females. 
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Table 2 – Association between noncommunicable diseases and vitamin, nutrient, fruit, and vegetable intake, and health- 
related behaviors 

Variables 
Diabetes 
n = 5143 

Dyslipidemia 
n = 8181 

Hypertension 
n = 13,518 

Stroke 
n = 1326 

MI 
n = 567 

MI or angina 
n = 1620 

Arthritis 
n = 7774 

Osteoarthritis 
N = 6913 

Rheumatoid 
arthritis 
n = 1187 

Depression 
n = 2566 

Vitamins 
Log 2 vitamin 
B1 

0.89 
(0.85-0.93) 

1.02 
(0.98-1.06) 

0.92 
(0.88-0.95) 

0.89 
(0.82-0.97) 

0.87 
(0.76-0.99) 

0.88 
(0.82-0.96) 

0.96 
(0.93-0.99) 

0.96 
(0.93-0.99) 

0.93 
(0.87-1.00) 

0.92 
(0.88-0.97) 

Log 2 vitamin 
B2 

0.87 
(0.84-0.91) 

1.11 
(0.99-1.14) 

0.91 
(0.88-0.94) 

0.85 
(0.79-0.92) 

0.87 
(0.76-0.99) 

0.94 
(0.88-1.01) 

0.98 
(0.95-1.01) 

0.98 
(0.95-1.01) 

0.98 
(0.92-1.05) 

0.97 
(0.93-1.02) 

Log 2 vitamin 
B3 

0.87 
(0.83-0.91) 

0.94 
(0.91-0.98) 

0.92 
(0.88-0.95) 

0.82 
(0.76-0.90) 

0.76 
(0.67-0.86) 

0.89 
(0.82-0.96) 

0.95 
(0.92-0.98) 

0.95 
(0.91-0.98) 

0.94 
(0.87-1.02) 

0.86 
(0.84-0.93) 

Log 2 vitamin 
C 

0.94 
(0.92-0.97) 

0.99 
(0.97-1.01) 

0.97 
(0.95-0.99) 

0.97 
(0.93-1.02) 

0.93 
(0.87-1.00) 

0.97 
(0.93-1.01) 

0.99 
(0.98-1.02) 

0.99 
(0.98-1.02) 

0.98 
(0.94-1.02) 

0.97 
(0.94-0.99) 

Log 2 vitamin 
A 

0.96 
(0.93-0.98) 

1.01 
(0.99-1.03) 

0.99 
(0.97-1.01) 

0.98 
(0.94-1.03) 

0.91 
(0.85-0.98) 

0.97 
(0.93-1.01) 

0.99 
(0.97-1.01) 

0.99 
(0.97-1.01) 

0.98 
(0.94-1.02) 

0.96 
(0.93-0.99) 

Log 2 retinol 0.97 
(0.95-0.98) 

1.02 
(0.98-1.03) 

0.98 
(0.97-0.99) 

0.96 
(0.94-0.98) 

0.96 
(0.93-0.99) 

0.99 
(0.97-1.01) 

0.99 
(0.98-1.01) 

0.99 
(0.99-1.01) 

1.00 
(0.98-1.02) 

1.01 
(0.99-1.03) 

Log 2 serum 

vitamin A 
1.77 
(1.05-2.97) 

3.09 
(2.09-4.56) 

2.51 
(1.68-3.73) 

2.10 
(0.76-5.79) 

4.76 
(1.05-20.52) 

2.59 
(1.05-6.43) 

0.98 
(0.63-1.52) 

0.99 
(0.63-1.59) 

1.30 
(0.49-3.47) 

2.15 
(1.07-3.77) 

Log 2 serum 

vitamin D 
0.77 
(0.65-0.92) 

1.09 
(0.94-1.27) 

0.94 
(0.82-1.07) 

0.58 
(0.41-0.82) 

1.01 
(0.57-1.79) 

1.17 
(0.86-1.59) 

1.23 
(1.09-1.38) 

1.31 
(1.16-1.48) 

0.90 
(0.70-1.14) 

0.96 
(0.81-1.14) 

Log 2 serum 

vitamin E 
0.44 
(0.28-0.70) 

1.66 
(1.20-2.30) 

0.94 
(0.67-1.32) 

0.51 
(0.20-1.32) 

2.48 
(0.65-9.48) 

0.33 
(0.13-0.80) 

0.97 
(0.67-1.40) 

0.88 
(0.59-1.31) 

1.34 
(0.60-2.99) 

0.63 
(0.36-1.09) 

24-h recall 
Log 2 
potassium 

0.90 
(0.85-0.94) 

1.04 
(0.99-1.08) 

0.90 
(0.87-0.94) 

0.85 
(0.78-0.92) 

0.79 
(0.69-0.91) 

0.90 
(0.83-0.98) 

0.99 
(0.95-1.02) 

0.98 
(0.95-1.02) 

0.98 
(0.91-1.06) 

0.92 
(0.87-0.97) 

Log 2 protein 0.86 
(0.82-0.90) 

1.02 
(0.98-1.06) 

0.91 
(0.86-0.95) 

0.79 
(0.72-0.86) 

0.77 
(0.67-0.88) 

0.90 
(0.82-0.98) 

0.94 
(0.91-0.98) 

0.94 
(0.90-0.98) 

0.94 
(0.87-1.02) 

0.89 
(0.84-0.93) 

Log 2 
phosphorus 

0.86 
(0.76-0.89) 

0.99 
(0.93-1.06) 

0.87 
(0.82-0.92) 

0.73 
(0.63-0.83) 

0.67 
(0.55-0.82) 

0.84 
(0.74-0.96) 

0.93 
(0.88-0.99) 

0.93 
(0.88-0.99) 

0.90 
(0.79-1.01) 

0.83 
(0.76-0.90) 

Log 2 calcium 0.88 
(0.83-0.94) 

1.08 
(1.03-1.13) 

0.89 
(0.85-0.93) 

0.83 
(0.75-0.92) 

0.85 
(0.73-1.00) 

0.93 
(0.84-1.02) 

0.99 
(0.95-1.04) 

1.00 
(0.96-1.05) 

0.93 
(0.85-1.01) 

0.96 
(0.90-1.02) 

Log 2 iron 0.94 
(0.90-0.98) 

1.01 
(0.98-1.05) 

0.94 
(0.91-0.97) 

0.87 
(0.80-0.94) 

0.80 
(0.72-0.90) 

0.90 
(0.84-0.97) 

0.98 
(0.95-1.02) 

0.99 
(0.96-1.02) 

0.94 
(0.88-1.00) 

0.94 
(0.90-0.98) 

Log 2 MUFA 0.91 
(0.88-0.95) 

1.02 
(0.99-1.05) 

0.93 
(0.90-0.96) 

0.89 
(0.84-0.95) 

0.94 
(0.86-1.03) 

0.98 
(0.93-1.04) 

0.99 
(0.96-1.02) 

0.99 
(0.96-1.02) 

0.95 
(0.89-1.01) 

0.96 
(0.92-0.99) 

Log 2 PUFA 0.94 
(0.91-0.98) 

1.03 
(0.99-1.06) 

0.95 
(0.93-0.99) 

0.90 
(0.84-0.96) 

0.87 
(0.78-0.96) 

0.97 
(0.91-1.04) 

0.96 
(0.93-0.99) 

0.96 
(0.93-0.99) 

0.95 
(0.89-1.02) 

0.92 
(0.88-0.96) 

Log 2 n-3 0.95 
(0.92-0.98) 

1.03 
(0.99-1.06) 

0.98 
(0.96-1.01) 

0.94 
(0.89-0.99) 

0.86 
(0.79-0.94) 

0.97 
(0.92-1.03) 

0.98 
(0.96-1.01) 

0.98 
(0.95-1.01) 

0.98 
(0.93-1.04) 

0.93 
(0.90-0.96) 

Log 2 n-6 0.95 
(0.91-0.99) 

1.02 
(0.99-1.05) 

0.95 
(0.92-0.98) 

0.90 
(0.84-0.96) 

0.89 
(0.80-0.99) 

0.98 
(0.91-1.04) 

0.97 
(0.93-1.00) 

0.97 
(0.93-1.00) 

0.95 
(0.88-1.01) 

0.93 
(0.88-0.97) 

Log 2 water 0.86 
(0.82-0.90) 

1.02 
(0.98-1.06) 

0.91 
(0.88-0.95) 

0.79 
(0.72-0.86) 

0.77 
(0.67-0.88) 

0.90 
(0.82-0.98) 

0.94 
(0.91-0.98) 

0.94 
(0.90-0.98) 

0.94 
(0.87-1.02) 

0.86 
(0.84-0.93) 

Log 2 fiber 1.00 
(0.91-1.10) 

1.05 
(0.98-1.13) 

0.89 
(0.83-0.96) 

0.84 
(0.70-0.99) 

0.71 
(0.55-0.91) 

0.90 
(0.76-1.05) 

1.01 
(0.94-1.09) 

1.01 
(0.93-1.09) 

0.94 
(0.80-1.10) 

0.83 
(0.74-0.92) 

FFQ 
Green vegetables (%) 
Low 

consumption 
1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref) 

Moderate 
consumption 

0.93 
(0.64-1.34) 

0.87 
(0.75-1.02) 

0.86 
(0.65-1.08) 

1.04 
(0.48-2.28) 

1.91 
(0.66-5.53) 

1.45 
(0.75-2.84) 

1.07 (080-1.43) 0.87 
(0.75-1.02) 

0.82 
(0.57-1.19) 

0.97 
(0.68-1.39) 

High 
consumption 

0.71 
(0.56-0.89) 

0.67 
(0.51-0.89) 

0.84 
(0.74-0.99) 

0.64 
(0.37-1.12) 

1.18 
(0.55-2.52) 

1.15 
(0.74-1.78) 

0.89 
(0.74-1.06) 

0.87 
(0.71-1.06) 

0.56 
(0.26-1.20) 

0.74 
(0.59-0.94) 

Other vegetables (%) 
Low 

consumption 
1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref) 

Moderate 
consumption 

1.23 
(0.86-1.76) 

0.90 
(0.69-1.20) 

0.82 
(0.62-1.08) 

0.96 
(0.79-2.40) 

1.83 
(0.54-6.15) 

1.38 
(0.75-2.84) 

0.99 
(0.72-1.36) 

1.01 
(0.67-1.01) 

0.87 
(0.44-1.72) 

0.90 
(0.60-1.35) 

High 
consumption 

0.67 
(0.52-0.86) 

0.89 
(0.76-1.04) 

0.81 
(0.69-0.95) 

0.79 
(0.46-1.36) 

1.60 
(0.77-3.36) 

1.23 
(0.56-2.69) 

0.83 
(0.69-1.00) 

0.87 
(0.71-1.42) 

0.80 
(0.54-1.17) 

0.83 
(0.66-1.05) 

Fruits (%) 
Low 

consumption 
1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref) 

Moderate 
consumption 

0.66 
(0.48-0.91) 

0.89 
(0.73-1.10) 

0.90 
(0.74-1.10) 

1.13 
(0.61-2.09) 

0.52 
(0.12-2.20) 

0.78 
(0.42-1.47) 

0.82 
(0.65-1.03) 

0.86 
(0.67-1.10) 

1.10 
(0.71-1.70) 

0.83 
(0.61-1.12) 

High 
consumption 

0.44 
(0.30-0.64) 

0.78 
(0.63-0.69) 

0.76 
(0.61-0.93) 

0.72 
(0.35-1.49) 

0.48 
(0.11-2.01) 

0.74 
(0.38-1.43) 

0.82 
(0.65-1.03) 

0.74 
(0.57-0.96) 

0.78 
(0.48-1.26) 

0.76 
(0.51-1.03) 

Health-related behaviors 
Physical activity 
Not regular 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref) 
Regular 0.93 

(0.82-1.05) 
0.99 
(0.91-1.10) 

1.02 
(0.93-1.11) 

0.88 
(0.68-1.13) 

0.58 
(0.39-0.87) 

0.97 
(0.78-1.21) 

1.03 
(0.95-1.13) 

1.04 
(0.95-1.14) 

0.88 
(0.72-1.07) 

0.92 
(0.80-1.04) 

Smoking 
Non/ex- 
smoker 

1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref) 

Current 
smoker 

0.95 
(0.72-1.24) 

1.03 
(0.83-1.29) 

1.02 
(0.83-1.26) 

0.82 
(0.50-1.35) 

0.83 
(0.41-1.68) 

0.84 
(0.53-1.34) 

0.91 
(0.76-1.10) 

0.96 
(0.79-1.17) 

0.74 
(0.50-1.08) 

1.25 
(0.98-1.60) 

( continued on next page ) 
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Table 2 ( continued ) 

Variables Diabetes 
n = 5143 

Dyslipidemia 
n = 8181 

Hypertension 
n = 13,518 

Stroke 
n = 1326 

MI 
n = 567 

MI or angina 
n = 1620 

Arthritis 
n = 7774 

Osteoarthritis 
N = 6913 

Rheumatoid 
arthritis 
n = 1187 

Depression 
n = 2566 

Cotinine verified smokers (%) 
No 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref) 
Yes 1.38 

(1.07-1.77) 
1.08 
(0.88-1.32) 

1.04 
(0.85-1.27) 

1.51 
(0.96-2.39) 

1.43 
(0.74-2.77) 

1.38 
(0.90-2.11) 

1.03 
(0.87-1.22) 

0.94 
(0.79-1.17) 

1.60 
(1.15-2.23) 

1.23 
(0.99-1.55) 

High-risk drinking status (%) 
No 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref) 
Yes 1.49 

(1.23-1.79) 
1.38 
(1.17-1.62) 

0.99 
(0.84-1.17) 

1.44 
(0.82-2.51) 

2.54 
(0.62-10.51) 

1.17 
(0.71-1.95) 

1.07 
(0.93-1.23) 

1.05 
(0.90-1.22) 

1.19 
(0.88-1.61) 

1.22 
(1.02-1.47) 

Diabetes: adjusted for age group ( ≤29, 30-39, 40-49, 50-59, 60-69, 70-79, ≥80), sex (male, female), monthly household income ( < 2000, ≥2000 
and < 4000, ≥4000 and < 6000, ≥6000), physical activity (not regular, regular), BMI ( < 18.5, ≥18.5 and < 25, ≥25 and < 30, and ≥30 kg/m 

2 ), high- 
risk drinking (yes, no), and cotinine-verified smoker (yes, no), smoking status (non/ex-smoker, current smoker), occupation (white-collar, 
blue-collar, none), education levels ( ≤middle school, high school, ≥college), energy intake (Kcal), family history of diabetes (yes, no). 
Dyslipidemia: adjusted for age group ( ≤29, 30-39, 40-49, 50-59, 60-69, 70-79, ≥80), sex (male, female), monthly household income ( < 2000, 
≥2000 and < 4000, ≥4000 and < 6000, ≥6000), physical activity (not regular, regular), BMI ( < 18.5, ≥18.5 and < 25, ≥25 and < 30, and ≥30 kg/m 

2 ), 
high-risk drinking (yes, no), and cotinine, physical activity (not regular, regular), BMI ( < 18.5, ≥ 18.5 and < 25, ≥25 and < 30, and ≥30 kg/m 

2 ), 
high-risk drinking (yes, no), and cotinine-verified smoker (yes, no), smoking status (non/ex-smoker, current smoker), occupation (white- 
collar, blue-collar, none), education levels ( ≤middle school, high school, ≥college), energy intake (Kcal), family history of dyslipidemia (yes, 
no). 
Hypertension, stroke, MI or angina, and MI: adjusted for age group ( ≤29, 30-39, 40-49, 50-59, 60-69, 70-79, ≥80), sex (male, female), monthly 
household income ( < 2000, ≥2000 and < 4000, ≥4000 and < 6000, ≥6000), physical activity (not regular, regular), BMI ( < 18.5, ≥18.5 and < 25, 
≥25 and < 30, and ≥30 kg/m 

2 ), high-risk drinking (yes, no), and cotinine, physical activity (not regular, regular), BMI ( < 18.5, ≥18.5 and < 25, 
≥25 and < 30, and ≥30 kg/m 

2 ), high-risk drinking (yes, no), and cotinine-verified smoker (yes, no), smoking status (non/ex-smoker, current 
smoker), occupation (white-collar, blue-collar, none), education levels ( ≤middle school, high school, ≥college), energy intake (Kcal), family 
history of diabetes, dyslipidemia, and CVD (yes, no). 
Arthritis, rheumatoid arthritis, osteoarthritis and depression: adjusted for age group ( ≤29, 30-39, 40-49, 50-59, 60-69, 70-79, ≥80), sex (male, 
female), monthly household income ( < 2000, ≥2000 and < 4000, ≥4000 and < 6000, ≥6000), physical activity (not regular, regular), BMI ( < 18.5, 
≥18.5 and < 25, ≥25 and < 30, and ≥30 kg/m 

2 ), high-risk drinking (yes, no), and cotinine, physical activity (not regular, regular), BMI ( < 18.5, 
≥18.5 and < 25, ≥ 25 and < 30, and ≥30 kg/m 

2 ), high-risk drinking (yes, no), and cotinine-verified smoker (yes, no), smoking status (non/ex- 
smoker, current smoker), occupation (white-collar, blue-collar, none), education levels ( ≤middle school, high school, ≥college), energy 
intake (Kcal). 
Health-related behaviors: adjusted for age group ( ≤29, 30-39, 40-49, 50-59, 60-69, 70-79, ≥80), sex (male, female), monthly household income 
( < 2000, ≥2000 and < 4000, ≥4000 and < 6000, ≥6000), physical activity (not regular, regular), BMI ( < 18.5, ≥18.5 and < 25, ≥25 and < 30, and ≥30 
kg/m 

2 ), high-risk drinking (yes, no), and cotinine, BMI ( < 18.5, ≥18.5 and < 25, ≥25 and < 30, and ≥30 kg/m 

2 ), and smoking status (non/ex- 
smoker, current smoker), occupation (white-collar, blue-collar, none), education levels ( ≤middle school, high school, ≥college), energy 
intake (Kcal), family history of diabetes (yes, no), or high-risk drinking (yes, no) or physical activity (not regular, regular), or cotinine-verified 
smoker (yes, no). 
BMI, body mass index; CVD, cardiovascular disease; FFQ, food frequency questionnaire; MI, myocardial infarction; MUFA, monounsaturated 
fatty acid; PUFA, polyunsaturated fatty acid; Ref, reference value. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

most daily intake versus infrequent intake of citrus fruit was
0.51 (95% CI, 0.29-0.88) in women and 0.57 (95% CI, 0.33-1.01)
in men [26] . Furthermore, 2 cohort studies conducted in Eng-
land and Australia found that eating fruits decreases the risk
of total CVD mortality in women aged 35 to 69 and > 70 years
[27 ,28] . In terms of T2DM, our study found that increased in-
takes of multiple individual nutrients, vegetables, and fruits
were linked with the low risk of developing T2DM. A system-
atic review and meta-analysis of 23 prospective cohort studies
also showed that a higher intake of fruit (relative risk [RR] 0.91;
95% CI, 0.87-0.96), and green leafy vegetables (RR 0.87; 95% CI,
0.81-0.93), yellow vegetables (RR 0.72; 95% CI, 0.57-0.90), crucif-
erous vegetables (RR 0.82; 95% CI, 0.67-0.99) is associated with
a lower risk of T2DM compared with the lowest intake [29] . Du
et al. found consuming fresh fruit daily reduced blood glucose
levels by 0.5 mmol/L, compared with subjects who never or
rarely consumed fresh fruit [24] . 

On the other hand, nutrients play an important role in reg-
ulating blood pressure and preventing CVD and T2DM. Our
study suggested that increased nutrient intake (e.g., potas-
sium, protein, n-3, n-6, MUFA, PUFA, water, vitamins, iron)
reduces the risk of CVD (e.g., hypertension, MI or angina,
MI, stroke) and T2DM, which concurs with the findings of
previous studies. For instance, Ascherio et al. found that in-
creased daily consumption of protein and potassium may
have a blood pressure-lowering effect [30] . A recent meta-
analysis of prospective cohort studies reported that intake of
plant protein was related to a lower risk of all-cause mortal-
ity (pooled effect size 0.92; 95% CI, 0.87-0.97) and CVD mor-
tality (pooled hazard ratio 0.88; 95% CI, 0.80-0.96). Our recent
study suggested that increased vitamin B1 and B2 intake can
reduce the risk of developing metabolic syndrome, which is
the most common cause of NCDs [3 ,4 ,7] . A cohort study and
2 meta-analyses of randomized controlled trials showed po-
tential benefits of a high-MUFA and PUFA diet in improving
metabolic factors (e.g., serum lipids, blood pressure, glycemic
control) among both healthy individuals and T2DM patients
[31–33] . A recent study also reported that dietary n-3 and n-6
fatty acid intake was negatively related to the risk of hyperten-
sion in US adults [34] . Sciacqua et al. showed that lower lev-
els of serum phosphorus are associated with impaired glucose
tolerance and insulin resistance [35] . In the present study, iron
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Table 3 – Interaction of sex in the association between non-communicable diseases with vitamin and nutrient intake 

Variables 
Diabetes 
n = 5143 

Hypertension 

n = 13,518 
Stroke 
n = 1326 

MI 
n = 567 

Arthritis 
n = 7774 

Osteoarthritis 
n = 6913 

Vitamin 
Log 2 vitamin B1# 
sex 

– Log 2 vitamin B1# 
males (Ref) 

– – Log 2 vitamin B1# 
males (Ref) 

Log 2 vitamin B1# 
males (Ref) 

0.92 (0.86-0.99) 0.86 (0.79-0.94) 0.88 (0.81-0.96) 
Log 2 vitamin B2# 
sex 

Log 2 vitamin B2# 
males (Ref) 

Log 2 vitamin B2# 
males (Ref) 

– Log 2 vitamin B2# 
males (Ref) 

– –

0.91 (0.84-0.98) 0.85 (0.80-0.91) 0.79 (0.64-0.98) 
Log 2 vitamin B3# 
sex 

– Log 2 vitamin B3# 
males (Ref) 

– – Log 2 vitamin B3# 
males (Ref) 

–

0.90 (0.84-0.98) 0.89 (0.82-0.97) 
Log 2 vitamin C# 
sex 

Log 2 vitamin C# 
males (Ref) 

Log 2 vitamin C# 
males (Ref) 

– – – –

0.92 (0.88-0.97) 0.96 (0.92-0.99) 
Log 2 vitamin A# 
sex 

Log 2 vitamin A# 
males (Ref) 

– – – – –

0.93 (0.89-0.98) 

24-h recall 
Log 2 potassium# 
sex 

– Log 2 potassium# 
males (Ref) 

– – – –

0.90 (0.84-0.97) 
Log 2 protein# sex – Log 2 protein# 

males (Ref) 
– – Log 2 protein# 

males (Ref) 
Log 2 protein# 
males (Ref) 

0.89 (0.83-0.96) 0.86 (0.79-0.94) 0.89 (0.81-0.98) 
Log 2 
phosphorus# sex 

– – – – Log 2 phosphorus# 
males (Ref) 
0.86 (0.75-0.98) 

Log 2 calcium# 
sex 

Log 2 calcium# 
sex (male) 

Log 2 calcium# 
sex (male) 

– – – –

0.86 (0.77-0.96) 0.85 (0.78-0.93) 
Log 2 iron# sex Log 2 iron# males 

(Ref) 
– – – – –

0.91 (0.84-0.99) 
Log 2 MUFA# sex Log 2 MUFA# 

males (Ref) 
Log 2 MUFA# 
males (Ref) 

Log 2 MUFA# 
males (Ref) 

– – –

0.92 (0.86-0.98) 0.86 (0.82-0.90) 0.89 (0.79-0.99) 
Log 2 PUFA# sex Log 2 PUFA# 

males (Ref) 
Log 2 PUFA# 
males (Ref) 

Log 2 PUFA# 
males (Ref) 

Log 2 PUFA# males 
(Ref) 

– –

0.92 (0.85-0.99) 0.86 (0.81-0.91) 0.85 (0.75-0.98) 0.80 (0.66-0.98) 
Log 2 n-3fatty 
acid # sex 

– – Log 2 n-3 fatty 
acid# males (Ref) 

– – –

0.89 (0.80-0.99) 
Log 2 n-6 fatty 
acid# sex 

Log 2 n-6 fatty 
acid# males (Ref) 

Log 2 n-6 fatty 
acid# males (Ref) 

Log 2 n-6 fatty 
acid# males (Ref) 

Log 2 n-6 fatty 
acid# males (Ref) 

– –

0.91 (0.85-0.99) 0.85 (0.80-0.90) 0.86 (0.75-0.98) 0.78 (0.64-0.96) 
Log 2 water# sex – Log 2 water# 

males (Ref) 
– – Log 2 water# males 

(Ref) 
Log 2 water# males 
(Ref) 

0.89 (0.83-0.96) 0.86 (0.79-0.94) 0.88 (0.81-0.98) 

BMI, body mass index; MI, myocardial infarction; MUFA, monounsaturated fatty acid; PUFA, polyunsaturated fatty acid. 
Diabetes: adjusted for age group ( ≤29, 30-39, 40-49, 50-59, 60-69, 70-79, ≥80), sex (male, female), monthly household income ( < 2000, ≥2000 
and < 4000, ≥4000 and < 6000, ≥6000), physical activity (not regular, regular), BMI ( < 18.5, ≥18.5 and < 25, ≥25 and < 30, and ≥30 kg/m 

2 ), high- 
risk drinking (yes, no), and cotinine-verified smoker (yes, no), smoking status (non/ex-smoker, current smoker), occupation (white-collar, 
blue-collar, none), education levels ( ≤middle school, high school, ≥college), energy intake (Kcal), family history of diabetes (yes, no). 
Hypertension, stroke, and MI: adjusted for age group ( ≤29, 30-39, 40-49, 50-59, 60-69, 70-79, ≥80), sex (male, female), monthly household 
income ( < 2000, ≥2000 and < 4000, ≥4000 and < 6000, ≥6000), physical activity (not regular, regular), BMI ( < 18.5, ≥18.5 and < 25, ≥25 and 
< 30, and ≥30 kg/m 

2 ), high-risk drinking (yes, no), and cotinine-verified smoker (yes, no), smoking status (non/ex-smoker, current smoker), 
occupation (white-collar, blue-collar, none), education levels ( ≤middle school, high school, ≥college), energy intake (Kcal), family history 
of diabetes, dyslipidemia and CVDs (yes, no). 
Arthritis and osteoarthritis: adjusted for age group ( ≤29, 30-39, 40-49, 50-59, 60-69, 70-79, ≥80), sex (male, female), monthly household 
income ( < 2000, ≥2000 and < 4000, ≥4000 and < 6000, ≥6000), physical activity (not regular, regular), BMI ( < 18.5, ≥ 18.5 and < 25, ≥25 and 
< 30, and ≥30 kg/m 

2 ), high-risk drinking (yes, no), and cotinine-verified smoker (yes, no), smoking status (non/ex-smoker, current smoker), 
occupation (white-collar, blue-collar, none), education levels ( ≤middle school, high school, ≥college), energy intake (Kcal).#: interaction 
between two variables. 
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Figure 2 – Marginal effects of multiple individual nutrient intakes on type 2 diabetes (A-H) by gender after adjustment for 
potential cofounders in the interaction model in the population (n = 56,462), a cross-sectional study, Korean National Health 

and Nutrition Examination Survey, Korea, 2009–2019. The margin effect showed higher intakes of multiple individual 
nutrients (e.g., vitamins B2, C, A; calcium, iron, MUFA, PUFA, and n-6 fatty acid) were associated with a lower risk of type 2 
diabetes in almost all females. Models were adjusted for age group ( ≤29, 30-39, 40-49, 50-59, 60-69, 70-79, ≥80), sex (male, 
female), monthly household income ( < 2000, ≥2000 and < 4000, ≥4000 and < 6000, ≥6000), physical activity (not regular, 
regular), BMI ( < 18.5, ≥ 18 • 5 and < 25, ≥ 25 and < 30, and ≥ 30 Kg/m 

2 ), high-risk drinking (yes, no), and cotinine-verified 

smoker (yes, no), smoking status (non/ex-smoker, current smoker), occupation (white-collar, blue-collar, none), education 

levels ( ≤middle school, high school, ≥college), energy intake (Kcal), and family history of diabetes (yes, no). BMI, body mass 
index; MUFA, monounsaturated fatty acid; PUFA, polyunsaturated fatty acid. –, males , —-, females. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

intake was negatively associated with the risk of CVDs and
T2DM. A literature review showed the association between
iron and an increased risk of CVDs and T2DM [36] . Fernandez-
Cao et al. also reported that high dietary intake of heme iron
was related to an increased risk of developing type 2 dia-
betes in a Mediterranean population at high cardiovascular
risk [37] . A meta-analysis of 11 prospective studies found di-
etary total iron, non-heme iron, or supplemental iron intakes
were not related to the risk of developing T2DM [38] . Thus,
further prospective studies with robust evaluations of dietary
and supplement sources of iron intake and CVD and T2DM
outcomes are required. 

Arthritis is a public health concern that affects a significant
majority of the population and is related to a lower quality of
life. Our study found that intakes of multiple individual nu-
trients, fruits, and vegetables were negatively associated with
arthritis. This is supported by a previous cross-sectional study
of 6588 subjects aged ≥50 years suggesting that a higher con-
sumption of vegetables and fruits was related to a reduced
prevalence of severe knee pain (OR 0.59; 95% CI, 0.48-0.73)
compared with a lower consumption of vegetables and fruits
[39] . The anti-inflammatory function of B vitamins is directly
associated with their pain modulatory role [40] . These findings
suggested that increased vitamin B1 and B3 intake could affect
pain alleviation and inflammation. Jalal et al. reported that vi-
tamin B1 (150 and 200 mg/kg) may reduce thermal hyperalge-
sia, paw edema, and serum levels of tumor necrosis factor- α
and interleukin-1 β during complete Freund adjuvant-induced
arthritis in rats [40] . On the other hand, we found increased
intakes of protein, water, and PUFA were negatively related
to the risk of developing arthritis and osteoarthritis. PUFA
has been shown to provide therapeutic benefits for arthri-
tis patients due to its anti-inflammatory properties. Thomas
et al. suggested that increased consumption of long-chain n-3
fatty-acids (oily fish/fish oil supplements) could improve func-
tion and pain in osteoarthritis patients [41] . However, a recent
study found no links between n-6 PUFA and the consequences
of arthritis [42] . Therefore, more prospective studies with ro-
bust assessments of dietary and supplement sources of PUFA
intake and arthritis consequences are required. 

We also found increased protein intake was negatively re-
lated to the risk of developing arthritis and osteoarthritis. This
finding disagreed with previous studies. Benito-Garcia et al.
reported that there is no association between protein and the
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risk of rheumatoid arthritis [43] . Besides, Pattiso et al. also
showed subjects consuming the highest levels of total protein
(OR 2.9; 95% CI, 1.1-7.5) had a higher risk of inflammatory pol-
yarthritis compared with subjects with lower protein intakes
[44] . Of note, Zwart et al. reported lower protein intake was
related to lower upper leg muscle strength. However, Nicola
et al. found high dietary protein intake could increase the risk
of falls in older persons [45 ,46] . These findings show that the
role of protein intake in arthritis remains unclear. Thus, fur-
ther work is needed to explore the association between these
relationships. 

There has been an increase in research interest in the im-
pact of dietary behavior on mental health outcomes in recent
years [22] . Our study found that higher consumption of vita-
mins, nutrients, and vegetables is associated with a signifi-
cantly lower risk of depression development, which is con-
sistent with previous studies. A systematic review and meta-
analysis of 27 articles including 16 cross-sectional, 9 cohort,
and 2 case-control studies on fruit, vegetables, and/or total
fruit and vegetable consumption for depression [47] . The re-
sults showed that consumption of vegetables was related to
a 14% lower risk of depression (overall RR 0.86; 95% CI, 0.75-
0.98) in cohort studies and a 25% lower risk of depression
(overall RR 0.75; 95% CI, 0.62-0.91) in cross-sectional studies.
A higher intake of fruits has reduced the risk of depression
by 17% (RR 0.83; 95% CI, 0.71-0.98) in cohort studies and 24%
(RR 0.76; 95% CI, 0.63-0.92) in cross-sectional studies [48] . B vi-
tamins are essential in the neurochemical pathways involv-
ing dopaminergic, noradrenergic, serotonergic, and choliner-
gic systems as well as GABA and glutamate neurotransmitter
systems. Our recent study found that increased daily vitamin
B1 intake can reduce the prevalence of depression [4] . A lit-
erature review also showed B vitamins (e.g., vitamins B1, B3,
B6, B9, B12) are vital for neuronal function, and insufficien-
cies have been related to depression [49] . Although the mech-
anism underlying depression and vitamins A and C is unclear,
it is possible to speculate that it is related to oxidative stress
and inflammation. A meta-analysis reported that vitamin C
deficiency has been related to cognitive impairment and de-
pression [50] . In the present study, we found increased daily
vitamin A intake was negatively related to the risk of depres-
sion. Our result supports a previous study, in which low serum
levels of carotenoids are related to depressive symptoms and
increase the risk of developing new depressive symptoms in
older persons [51] . 

There have been a few studies that have identified sex dif-
ferences in the association between intake of multiple indi-
vidual nutrients and CVDs. Our study found that intakes of
multiple individual nutrients were linked with a lower risk
of CVDs (e.g., hypertension, stroke, MI, MI or angina), dia-
betes and dyslipidemia in women, but not in men. It could be
explained that multiple individual nutrients, fruits, and veg-
etables may modulate molecular events and signaling path-
ways associated with reducing lipid metabolism disorders,
correcting endothelial dysfunction, suppressing platelet func-
tion, inhibiting thrombosis, antihypertension, alleviating is-
chemia/reperfusion injury, reducing oxidative stress, and in-
hibiting inflammatory responses [51] . Antioxidant vitamins
(vitamins C, E, and A), for example, and B vitamins can reduce
oxidative stress, which may play a key role in the pathogene-
sis of atherosclerosis and CVDs [52] . On the other hand, B vi-
tamins have analgesic and anti-inflammatory effects that are
related to opioid-like mechanisms and are mediated through
the release of nitrite oxide [53] . B vitamins may increase the
activity of 5-HT, as well as the effect and/or availability of
norepinephrine, which contributes to pain transmission as
an inhibitory pain transmitter [54] . Vitamin D can also in-
duce cardioprotective effects and plays an important role in
maintenance of cardiovascular health [55] . n-3 and n-6 fatty
acids may reduce blood cholesterol and/or triglycerides, ester-
ify cholesterol, reduce blood viscosity, improve blood microcir-
culation, and reduce platelet aggregation and/or thrombosis
[56] . These findings support the current recommendation of
increasing multiple individual nutrients, fruit and vegetable
intake to lower the risk of NCDs. 

We found that health-related behaviors such as smoking
and alcohol consumption are related to NCDs. Of note, regu-
lar physical activity may reduce the risk of developing MI. Ying
et al. suggested that exercise training after MI can improve
quality of life, positive effects, circulation function, heart rate,
metabolic equivalents, and lower the risk of all-cause mortal-
ity [57] . Taken together, exercise should be implemented and
widely applied in clinics to help MI patients. 

To the best of our knowledge, this large-scale Korean study
is the first to report the association between intakes of mul-
tiple individual nutrients, fruits, and vegetables, and NCDs at
a national level. However, our study has several limitations.
First, the cross-sectional method used prevented the assess-
ment of causality between NCDs and multiple individual nu-
trients, fruit, and vegetable intakes. Second, because no physi-
ological antioxidant status markers were assessed during KN-
HANES, oxidation status and multiple individual nutrient lev-
els in serum and tissue were not evaluated. Several serum
vitamins, including vitamin E and vitamin D, were assessed.
Third, intakes of multiple individual nutrients were evaluated
based on 24-hour recall, and, therefore, may have been under
or overestimated. A 24-hour recall, on the other hand, was dis-
covered to be an effective method of evaluating food intake,
and all subjects were instructed to maintain their usual di-
etary habits before the evaluations. Fourth, data on vegetables
and fruits were only available from 2012 to 2016. Fifth, these
findings might be less relevant to other ethnicities. 

In summary, NCDs have become a serious issue worldwide
as well as in Korea. The study shows increased intakes of mul-
tiple individual nutrients, fruit, and vegetables were linked
with a lower risk of NCDs and may protect the public against
the burden of NCDs. These findings may inspire health poli-
cymakers and public health practitioners to invest in preven-
tative and control strategies. However, further studies are re-
quired to determine whether interactions between multiple
individual nutrients, fruit and vegetable intakes influence the
prevalence of NCDs. 
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