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Abstract
Preventing hyperlipidemia remains of critical importance as one of the 
main risk factors for cardiovascular disease, which is the leading cause  
of death every year. Therefore, the present study investigated the effect  
of health-related behavior and nutritional intake on blood lipid levels in adult 
men and women. Survey data from the 2019 National Health and Nutrition 
Examination conducted by the Korea Disease Control and Prevention 
Agency on 6,606 adults were analyzed to evaluate the effect of drinking, 
smoking, exercise, and nutrient intake on blood cholesterol, triglyceride, and 
HDL cholesterol. Blood total cholesterol showed significant differences in the 
mean based on the level of drinking (P < 0.05), and blood HDL-cholesterol 
and triglyceride showed significant differences in the mean levels of drinking, 
smoking, and exercise (P < 0.001). In regression analysis, blood total 
cholesterol was significantly affected by body mass index (BMI), education 
level, and menopause (P < 0.01, P < 0.001). Blood HDL-cholesterol was 
significantly affected by BMI, menopause, drinking, smoking, exercise, 
dietary intake of omega-3 fatty acids, and dietary cholesterol (P < 0.05,  
p < 0.01, P < 0.001), and blood triglyceride level was significantly affected 
by BMI, menopause, smoking, and exercise (P < 0.05, P < 0.001). Obesity, 
exercise, eating habits, smoking, and women's menopause were the 
main factors contributing to hyperlipidemia, so awareness of these factors  
should be raised.
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Introduction
According to the World Health Organization 
(WHO), ischemic heart disease, known as one  
of the cardiovascular diseases, is the most common 
cause of death worldwide, followed by stroke.  

In particular, global statistics show an unprecedented 
increase in the number of people who died  
of ischemic heart disease in the past 20 years, and 
this increasing trend is likely to continue.1,2 Among 
the many risk factors for cardiovascular diseases 
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are intrinsic factors, such as sex, age, race, and 
genetics; disease factors, such as obesity, high 
blood pressure, and dyslipidemia; and lifestyle 
factors, particularly eating, drinking, smoking, and 
exercise habits.3,4 Hyperlipidemia is dyslipidemia 
characterized by a marked increase in triglyceride 
(TG), total cholesterol (TC), and low-density 
lipoprotein cholesterol (LDL-C) and a marked 
decrease in high-density lipoprotein cholesterol 
(HDL-C) in the blood.4 Coupled with a rapidly aging 
demographic in Korea, the annual prevalence  
of Korean adults diagnosed with dyslipidemia, 
such as high cholesterol and hypertriglyceridemia,  
is increasing due to an increase in the westernized 
eating pattern and changes in living conditions. 
Between 2002 and 2018, hypertriglyceridemia 
diagnoses increased nearly eight-fold, from 1.5 
million to 11.6 million.5

Studies have shown that the risk factors for 
hyperlipidemia are differentially associated with 
the situation of each country and region, the 
level of treatment, and the level of perception  
of diseases.5,6 In particular, consistent management 
of hyperlipidemia risk factors was critical to lessen 
the risk's effect.6 Age, sex, occupation, education 
level, living environment, overweight, smoking, and 
diseases, such as obesity, high blood pressure, and 
diabetes, have been identified as risk factors for 
dyslipidemia. In middle-aged men, it was shown that 
older age, and higher levels of smoking or drinking, 
overweight or obesity, and hypertension or diabetes, 
increased the prevalence of dyslipidemia or its 
correlation.7,8 In addition, women were also affected 
by menopausal status, women in menopause tended 
to have worse blood lipid profiles than women  
not in menopause.8,9

Abnormal lipidemia can be improved through dietary 
intervention and nutrition adjustment to improve 
weight control or blood lipids.10-12 Guidelines for 
preventing cardiovascular disease and improving 
blood lipids suggest nutrition management by 
following food intake recommendations, such 
as consuming fruits, vegetables, f ish, and 
whole grains, increasing unsaturated fat instead  
of saturated fat, and reducing cholesterol, salt, and 
sweeteners, besides lifestyle improvements, such 
as nonsmoking, moderate drinking, and regular 
exercise.3,13 Similarly, aerobic exercise, smoking 
cessation, and stress management have been 

shown to improve blood lipids and reduce the risk 
of heart disease.14-16 This study aims to prepare 
basic data for the prevention of risk factors as 
possible major causes of cardiovascular disease 
by investigating the effect of health behavior and 
nutritional intake on the blood lipids of adults. Data 
for this study were obtained from the 2019 Korean 
National Health and Nutrition Examination Survey 
(KNHANES) conducted annually by the Korea 
Disease Control and Prevention Agency (KDCA).

Materials and Methods
Study Purpose and Participants 
The study was conducted to determine how blood 
TC, HDL-C, and TG levels in adults are affected by 
health-related behaviors, such as exercise, smoking, 
drinking, and nutrition intake. Of the 8,110 people 
who participated in the 2019 KNHANES, 6,606 
adults were selected as participants, excluding 
those who were missing in the survey and those 
who were not adults.

Research Data and Ethics Approval
The data used in this study were selected from the 
original data of the 2019 KNHANES to meet the 
study purpose. The original data were downloaded 
from the KDCA website (http://www.kdca.go.kr) after 
authenticating the real name of the researcher and 
stating the purpose of the study. The 2019 KNHANES 
was conducted with approval from the KDCA's 
Research Ethics Review Committee (approval 
number: 2018-01-03-C-A), and all participants 
prepared consent forms under the National Health 
Promotion Act. The present study was carried out 
after obtaining research approval from the bioethics 
review committee of the university affiliated with the 
researcher (1040820-202111-HR-005-02).

Survey Design and Contents
The KNHANES consists of a health survey,  
a nutrition survey, and a health examination survey 
based on Article 16 of the National Health Promotion 
Act in Korea. The health survey includes a household 
survey, a health interview survey, and a health 
behavior survey. The household survey collects 
information on the number of household members, 
household type, and household income. The health 
interview survey investigates several factors, such 
as medication use and activity restrictions, as well 
as education, economic, and physical activities. 
The health behavior survey (self-entry survey) 
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investigates smoking, drinking, mental health, 
safety awareness, and gum and teeth health.  
The nutrition survey examines the current status  
of dietary behavior, dietary supplements and 
nutritional knowledge, and the contents of food 
intake (24-h recall method) 1 day before the 
survey. The health examination survey consists 
of body measurements, blood pressure and pulse 
measurements, blood and urine tests, and gum and 
teeth health tests.

Among the original data of the KDCA, sex, age, 
weight, height, and education were classified 
as demographic characteristics, and drinking, 
smoking, and exercise were classified as health-
related behaviors in this study. A composite sample 
analysis method reflecting stratification variables, 
cluster variables, and weights was applied to 
ensure the representation and effectiveness  
of  strat i f icat ion sampl ing in KNHANES. 17  
A composite sample frequency analysis was 
conducted on the demographic characteristics and 
health-related behaviors, and body mass index (BMI) 
was obtained by height and weight. Based on data 

for Asians,18,19 BMI was classified as less than 18.5 
for underweight, 18.5-22.9 for normal, 23-24.9 for 
overweight, and 25 or more for overweight.

In the health-related behaviors, an exercise 
was explained as physical activity causing slight 
shortness of breath or beating slightly faster for 
more than 10 min, where physical activity included 
examples of medium-intensity sports, exercise, and 
leisure activities, such as fast walking, light running 
(jogging), weight training (anaerobic exercise), 
golf, dance sports, and Pilates. Among the health 
examination data, blood lipid concentrations  
(TC, TG, and HDL-C) were used for this study. 
In the 2019 KNHANES, blood was collected after 
8 h on an empty stomach and measured using 
an enzyme method. It was also analyzed using a 
Hitachi Automatic Analyzer 7600 (Hitachi, Tokyo, 
Japan). Regarding the nutrition intake, the data on 
the intakes of total calories, carbohydrates, proteins, 
fats, saturated fats, unsaturated fats, omega-3 fatty 
acids, and omega-6 fatty acids were selected for 
analysis from the nutrition survey results of the 24-h 
recall method a day before the survey (Figure 1).

Fig. 1: Flow chart of this study

Data Analysis
The Statistical Package of Social Science (SPSS) 
software; version 18.0. for Windows was used to 
perform the statistical analysis. A frequency analysis 
was conducted on demographic characteristics 

and health-related behaviors. ANOVA analysis 
was conducted to determine whether there was a 
difference in the mean values between demographic 
characteristics and health-related behaviors for 
blood lipid concentrations (TC, TG, and HDL-C). 
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It was also used to see if there is a difference in 
average intake between total calories consumed 
during the day and the amounts of carbohydrate, 
protein, fat, saturated fat, unsaturated fat, omega-3 
fatty acids, and omega-6 fatty acids according to 
the classification criteria of TC, TG, and HDL-C 
in the blood. BMI, education, drinking, smoking, 
exercise, and nutrients were used as independent 
variables to perform the binary logistic regression 
analysis, and blood lipid concentrations were 
divided into undesirable and desirable levels (0 and 
1, respectively) according to major guidelines.3.20.21

Results
Blood Lipid Concentration According to 
Demographic Characteristics
Table 1 compares the average blood l ipid 
concentrations according to the demographic 

characteristics of the 6,606 participants. There 
were 2,956 men (44.7%) and 3,650 women (55.3%) 
aged over 20. The age distribution of each age 
group between 20 and 60 years ranged from 12.3 
to 18.8%, and the group of participants aged 70 
and above comprised 18.1% of the participants. 
Of the participants, 38.8% were categorized 
with a normal BMI (18.5-23), 35.1% with obesity  
(BMI > 25), 22.4% with overweight (BMI 23-25), and 
3.7% with underweight (BMI < 18.5).18,19 In terms 
of educational background, the largest proportion 
(3,263, 49.4%) had graduated from junior college or 
higher, followed by those who had graduated from 
high school (1,725, 26.1%).

Table 1: Level of lipid in blood according to demographic characteristics

Characteristics N (%) Total cholesterol1) HDL-cholesterol1) Triglycerides1)

Sex Male 2,956(44.7) 194.82±37.7962) 48.78±11.644 153.48±122.161
 Female 3,650(55.3) 190.15±38.115 55.95±12.884 114.32±74.578
 P-value  0.000*** 0.000*** 0.000***
Age 20-29 813(12.3) 181.65a±31.537 55.66d±12.827 99.11a±70.478
 30-39 985(14.9) 194.96bc±34.393 54.27cd±13.232 126.71b±96.561
 40-49 1,182(17.9) 200.25cd±35.223 54.01cd±13.168 140.48bc±120.245
 50-59 1,245(18.8) 205.24d±39.117 53.19bc±13.076 145.61c±116.041
 60-69 1,186(18.0) 190.43b±39.925 51.52b±11.813 137.96bc±96.015
 >70 1,195(18.1) 180.10a±38.195 49.15a±12.068 128.14b±78.497
 P-value  0.000*** 0.000*** 0.000***
BMI <18.5 245(3.7) 181.19a±35.798 61.39d±13.217 83.62a±63.880
 18.5≤-<23 2,563(38.8) 190.74b±35.821 56.63c±13.179 106.60b±76.701
 23≤-<25 1,479(22.4) 194.63b±39.860 51.49b±12.259 138.65c±99.878
 ≥25 2,319(35.1) 195.16b±38.777 48.42a±11.079 161.07d±118.587
 P-value  0.000*** 0.0000*** 0.000***
Education ≤ Middle 1,618(24.5) 186.18a±40.531 50.56a±12.389 135.54b±96.823
level school
 High school 1,725(26.1) 194.73b±38.321 52.83b±12.673 136.79b±98.780
 ≥ College  3,263(49.4) 194.93b±36.145 53.82b±13.036 127.12a±102.974
 P-value  0.000*** 0.000*** 0.001**
Total  6,606(100.0) 192.75±38.006 52.77±12.851 131.72±100.493

1)mg/dl, 2)Mean±S.D. **P<0.01, ***P<0.001.

Comparing the mean blood lipid concentrations 
according to demographic characterist ics,  
the mean concentrations of TC, HDL-C, and 

TG differed significantly according to men's and 
women's ages, BMI, and educational background  
(P < 0.01, P < 0.001).
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Blood Lipid Concentration According to Health-
related Behavior
Table 2 shows the average blood lipid concentrations 
according to the health-related behavior of the 
participants to allow direct comparisons. In terms 
of alcohol consumption, drinking once a month was 
the most common, with 32.9%, followed by 30.6% 
drinking two to four times a month, 13.6% drinking 
two to three times a week, and 6.2% drinking more 
than four times a week. The majority (82.8%)  
of the participants did not smoke at all, 4.5% smoked 

less than 10 cigarettes a day, 7.8% smoked 11-19 
cigarettes a day, and 4.9% smoked more than one 
pack a day. In addition, 77.8% did not exercise, 6.4% 
exercised once or twice a week, 9.8% exercised 
three or four times a week, and 6.0% exercised 
five or seven times a week. Mean blood cholesterol 
differed significantly according to drinking behavior 
(P < 0.05), and mean blood HDL-C and TG differed 
significantly according to drinking, smoking,  
and exercise patterns (P < 0.001).

Table 2: Level of lipid in blood according to health-related behavior

Characteristics N (%) Total cholesterol1) HDL-cholesterol1) Triglycerides1)

Drinking Not at all 1,103(16.7) 188.85a±38.4762) 55.02c±14.361 122.68a±80.702
 0<-≤1 time 2,176(32.9) 193.26ab±39.326 54.59c±13.799 125.36a±87.919
 /month
 1<-≤4 2,020(30.6) 193.15ab±36.666 53.14bc±12.670 127.12a±80.410
 time(s)/
 month
 2-3 times 897(13.6) 192.72ab±36.389 51.91ab±12.480 146.73b±119.096
 /week
 ≥4 times/ 410(6.2) 195.34b±39.693 50.84a±11.855 187.17c±186.406
 week
 P-value  0.045* 0.000*** 0.000***
Smoking Not at all 5,469(82.8) 192.99±37.959 53.42b±12.823 125.06a±91.309
 1-9 297(4.5) 191.00±37.425 52.45b±13.926 143.44ab±133.036
 piece(s)/
 day
 10-19 516(7.8) 191.38±39.107 49.33a±11.733 156.81b±112.609
 pieces/ day
 ≥20
 pieces/day 324(4.9) 192.47±37.573 47.43a±11.933 194.03c±153.157
 P-value  0.058 0.000*** 0.000***
Exercise Not at all 5,138(77.8) 192.22±38.387 52.30a±12.695 134.49b±103.690
 1-2
 time(s)/ 422(6.4) 192.81±35.150 52.20a±13.348 138.44b±104.990
 week
 3-4
 times/ 645(9.8) 196.33±37.283 55.99b±12.991 115.55a±79.597
 week
 5-7
 times/ 401(6.0) 193.19±37.309 53.67a±13.185 117.98a±82.395
 week
 P-value  0.075 0.000*** 0.000***
Total  6,606(100.0) 192.75±38.006 52.77±12.851 131.72±100.493

1)mg/dl, 2)Mean±S.D. *P<0.05, ***P<0.001.
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Average Intake of Nutrients According to Blood 
TC Level
Table 3 shows the blood cholesterol measurements 
of the participants and the average intake  
of major nutrients according to the criteria for 
hypercholesterolemia. The average blood TC level 

of the group with normal blood TC (n = 3,877, 58.7%) 
was 167.82 mg/dL, that of the borderline group (n 
= 2,001, 30.3%) was 216.28 mg/dL, and that of the 
group with high blood cholesterol (n = 728, 11.0%) 
was 262.33 mg/dL.

Table 3: Nutritional intake according to the level of blood total cholesterol

 Moderate  Boundary High ( ≥ 240 P-value1)

 ( < 200 mg/dL) (200-239 mg/dL) mg/dL)

Energy(kcal) 1,829.58ab2)±874.6403) 1,905.39b±880.013 1,751.05a±773.173 0.000***
Carbohydrate(g) 274.31ab±113.531 275.79b±116.511 263.14a±107.383 0.173
Protein(g) 67.33b±39.867 70.02b±38.042 63.35a±33.278 0.596
Fat(g) 42.46ab±35.620 45.46b±35.275 40.76a±30.368 0.002**
SFA4)(g) 13.59ab±12.748 14.45b±12.695 12.96a±10.750 0.015*
MUFA5)(g) 13.68ab±13.346 14.65b±13.036 12.94a±11.050 0.004**
PUFA6)(g) 10.97ab±8.889 11.85b±9.305 10.78a±8.163 0.009**
n-37)(g) 1.73a±1.787 1.89b±1.746 1.75a±1.582 0.003**
n-68)(g) 9.23ab±7.768 9.94b±8.105 9.04a±7.126 0.006**
Cholesterol(mg) 240.77ab±227.208 261.71b±223.469 234.11a±221.148 0.001**
Mean(mg/dL)9) 167.82±22.225 216.28±11.138 262.33±22.424 -
N (%) 3,877(58.7) 2,001(30.3) 728(11.0) -

1)One-Way ANOVA test was used, 2)a,b: different letters mean significant difference between groups by 
Scheffe's multiple range test, 3)Mean±SD, 4)SFA: saturated fatty acids, 5)MUFA:mono-unsaturated fatty 
acids, 6)PUFA:poly-unsaturated fatty acid, 7)n-3:n-3 fatty acid, 8)n-6:n-6 fatty acid, 9)Mean of serum total 
cholesterol, *P<0.05, **P<0.01, ***P<0.001.

Table 4: Nutritional intake according to the level of blood HDL1)-cholesterol.

 High ( ≥ 60 mg/dL) Boundary (41-59 Low ( ≤ 40 mg/dL) P-value2)

  mg/dL)

Carbohydrate(g) 260.89a3)±109.473 274.75b3)±113.911 290.36c3)±118.170 0.000***
Fat(g) 44.75b±32.886 43.43b±36.312 39.71a±33.771 0.001**
SFA(g)4) 14.46b±11.795 13.85b±12.993 12.42a±12.059 0.002**
MUFA(g)5) 11.46b±11.824 13.97b±13.634 12.71a±12.806 0.001**
Cholesterol(mg) 252.86b±212.964 248.86b±235.218 227.11a±212.244 0.031*
Mean(mg/dL)6) 69.17±8.731 49.82±5.253 35.87±3.708 -

1)HDL (high-density lipoprotein), 2)One-Way ANOVA test was used, Mean±SD, 3)a,b,c: different letters 
mean significant difference between groups by Scheffe's multiple range test, 4)SFA: saturated fatty acids,  
5)MUFA:mono-unsaturated fatty acids, 6)Mean of serum HDL-cholesterol, *P<0.05, **P<0.01, ***P<0.001.

The average daily energy intake of the moderate 
group was 1,905.39 kcal, with an average daily 
intake of 275.79 g carbohydrate, 70.02 g protein, 
45.46 g fat, 14.45 g saturated fatty acids (SFAs), 
14.65 g monounsaturated fatty acids (MUFAs), 

11.85 g polyunsaturated fatty acids (PUFAs), 1.89 g 
omega-3 fatty acids, and 9.94 g omega-6 fatty acids. 
In addition, there were significant differences in the 
average intakes of energy, protein, fat, saturated fat, 
monounsaturated fat, polyunsaturated fat, omega-3 
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fatty acids, omega-6 fatty acids, and cholesterol 
excluding carbohydrates among the three groups 
according to the hypercholesterolemia criteria  
(P < 0.05, P < 0.01, P < 0.001).

Average Intake of Nutrients According to Blood 
HDL-C Level
Table 4 shows the blood HDL-C levels of the 
participants grouped according to the HDL-C 
criterion for hyperlipidemia and compares the 
average nutrient intake across the groups.  
The average HDL-C level in the blood of the high-
HDL-C group (n = 1,803, 27.3%) was 69.17 mg/
dL, in the borderline group, which was the most 
common group (n = 3,686, 55.8%), it was 49.82 
mg/dL, and in the low-HDL-C group (n = 1,117, 
16.9%), it was 35.87 mg/dL. The average daily intake  
of carbohydrates was 260.89 g in the high-HDL-C 
group, 274.75 g in the borderline group, and 290.36 
g in the low-HDL-C group. In the group with less 
than 40 mg/dL of HDL-C in the blood, the average 
carbohydrate intake was the highest, and there 
was a significant difference in the average intake 
of fat, saturated fat, simple unsaturated fat, and 

cholesterol, in addition to carbohydrates compared 
to the other two groups (P < 0.05, P < 0.01).

Average Intake of Nutrients According to Blood 
TG Level
Table 5 shows the average blood TG value and 
the average nutrient intake of the participants 
divided into groups according to the criteria for 
hypertriglyceridemia. The average level in the 
group with normal blood TG (n = 4,716, 71.4%) was 
88.62 mg/dL, 171.82 mg/dL in the borderline group  
(n = 964, 14.6%), 272.82 mg/dL in the group with 
high blood TG (n = 838, 12.7%), and 698.13 mg/dL 
in the group with very high blood TG (n = 88, 1.3%). 
In the group with very high blood TG of >500 mg/
dL, the average daily energy intake was the highest 
at 2,135.61 kcal, and in the group with high blood 
TG of 200-499 mg/dL, the average daily intake  
of carbohydrates was the highest at 285.55 g. In the 
average nutritional intake according to the criteria for 
hypertriglyceridemia, total energy and carbohydrates 
differed significantly among the four groups  
(P < 0.01, P < 0.001).

Table 5: Nutritional intake according to the level of blood triglycerides.

 Moderate (≤ 149 Boundary(150- High (200-499 Very high ( ≥500 P-value1)

 mg/dL) 199 mg/dL) mg/dL) mg/dL)

Energy 1,812.50a2)± 1,894.07a± 1,936.71ab2)± 2,135.61b± 0.000***
(kcal) 838.1983) 969.598 881.865 943.392
Carbohy 270.32±112.605 279.09±119.523 285.55±112.643 275.56±118.962 0.001**
=drate(g)
Mean 88.62±29.936 171.82±14.294 272.82±68.538 698.13±223.051 -
(mg/dL)4)
N (%) 4,716(71.4) 964(14.6) 838(12.7) 88(1.3) -

1)One-Way ANOVA test was used, 2)a,b: different letters mean significant difference between groups  
by Scheffe's multiple range test, 3)Mean±SD, 4)Mean of serum triglycerides, **P <0.01, ***P <0.001.

The Effects of Demographic Characteristics, 
Health-related Behaviors, and Nutrients on Blood 
Lipids Levels
Through logistic regression analysis, the blood TC, 
HDL-C, and TG levels of adult men and women 
surveyed were general matters, such as BMI, 
education level, and health-related behaviors, 
such as drinking, smoking, exercise, and nutrients 
consumed. As shown in Table 6, BMI, education 
level, and menopause were significant factors linked 

to the blood TC level (P < 0.05, P < 0.01, P < 0.001). 
Moreover, the probability of a normal blood TC level 
decreased by 0.793 times as the BMI increased 
by the standard unit, decreased by 0.830 times as 
the level of education increased, and decreased by 
0.471 times due to menopause.

BMI, menopause, drinking, smoking, exercise, 
intakes of PUFAs and omega-3 fatty acids, and 
cholesterol were significant factors associated 
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with the blood HDL-C level (P < 0.05, P < 0.01, P 
< 0.001). Furthermore, the probability of a normal 
blood HDL-C level decreased by 0.560 times as 
BMI increased and decreased by 0.497 times due 
to menopause. Among the health-related activities, 
as the degree of drinking and smoking increased 

by the nominal number of units, the probability  
of a normal blood HDL-C level decreased by 0.380 
and 0.849 times, respectively. On the contrary, 
exercise increased the probability of a normal blood 
HDL-C level by 1.123 times.

Table 6: The effect of demographic characteristics, health-related behaviors and 
nutritional intakes on blood lipids levels (logistic regression analysis)

Variables  Adjusted odds ratio 95% CI P-value
  for normal blood 
  lipids levels

<Total cholesterol>
BMI  <25 reference  
 ≥25 0.793 0.714-0.881 0.000***
Education  ≤ High school reference  
 ≥ College 0.830 0.715-0.963 0.014**
Menopause No reference  
 Menopause 0.471 0.374-0.593 0.000***
<HDL-cholesterol>
BMI <25 reference  
 ≥25 0.560 0.507-0.618 0.000***
Menopause No reference  
 Menopause 0.497 0.384-0.643 0.000***
Drinking Not at all reference  
 0<-≤1 time/month  1.176 1.021-1.236 0.048*
 1<-≤4 time(s)/ month 1.424 1.140-1.778 0.002**
 ≥2 times/week 0.863 0.714-0.986 0.567
Smoking Not at all reference  
 1-9 piece(s)/day  0.792 0.578-1.084 0.146
 10-19 pieces/day 0.564 0.453-0.703 0.000***
 ≥20 pieces/day 0.416 0.320-0.540 0.000***
Exercises Not at all reference  
 ≥ 1 time/week  1.123 0.714-0.881 0.017*
 n-3 Fatty acid (intake) 1.701 1.016-2.848 0.044*
 Cholesterol (intake) 0.998 0.997-1.000 0.048*
<Triglycerides>
BMI  <25 reference  
 ≥25 0.515 0.464-0.573 0.000***
Menopause No reference  
 Menopause 0.505 0.390-0.655 0.000***
Smoking Not at all reference  
 1-9 piece(s)/day  0.685 0.490-0.958 0.027*
 10-19 pieces/day 0.475 0.376-0.599 0.000***
 ≥20 pieces/day 0.260 0.201-0.337 0.000***
Exercises Not at all reference  
 ≥ 1 time/week  1.213 1.090-1.350 0.000***

*P<0.05, **P<0.01, ***P<0.001.
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BMI, menopause, smoking, and exercise were 
significant factors linked to the blood TG level  
(P < 0.001). In addition, the probability of a normal 
blood TG level decreased by 0.515 times as the 
nominal units of BMI increased, decreased by 0.505 
times due to menopause, decreased by 0.750 times 
as the number of smoking units increased, and 
increased by 1.213 times consequent to exercise.

Discussion
The present study analyzed the results of the 2019 
KNHANES conducted by the KDCA to prepare 
data for risk factors that may be major causes  
of cardiovascular disease by investigating 
demographic characteristics, such as sex, age, 
BMI, education level, alcohol, smoking, exercise, 
and nutrient intakes. Among the demographic 
characteristics, women showed significantly lower 
average blood total cholesterol and TG levels 
but a higher average HDL-C level than men. 
However, in women, menopause affects blood lipid 
concentration, and the regression analysis of this 
study showed that the probability of normal blood 
lipid levels in menopause decreased by 0.471  
to 0.505 times.

The average TG level tends to be lower in the level 
of adult women in their 20s and 30s than men  
in 20s and 30s, but that of women gradually increases 
compared to men in their 40s and 50s, and rapidly 
increases in their 50s, the age of menopause.22,23 
Age-related changes in blood lipid concentration of 
women differ from those of men. HDL-C decreases 
rapidly in women compared to men, in whom HDL-C 
decreases to a plateau from their late 40s.23 In the 
present study, the average blood total cholesterol 
and TG gradually increased with age in adult men 
and women from 20 years until peaking somewhere 
in their 50s and then gradually decreasing into their 
60s and 70s.

According to data from the 2016-2018 KNHANES, 
women tend to be higher than men after their mid-
50s, and men's TC and TG peak in their early 50s 
but gradually decrease after age 60. Conversely, 
women's TG increases rapidly in their 50s, showing 
a higher average than men in their late 60s.3 In the 
regression analysis of the present study, as adults 
age, the probability of normal blood cholesterol and 
HDL-C levels decreased by 0.8 times, and serum 
cholesterol and TG peaked in their 50s. Both adult 

men and women need to manage their blood lipid 
levels as they age, especially for men in their  
40s and 50s and women after menopause.3,5-7

According to the results of the present study, 
all serum lipid levels deteriorated rapidly in 
those with overweight and obesity compared to 
underweight or normal weight, as categorized by 
BMI, and the regression analysis also showed  
a 0.5-0.7 times decrease in the probability of being 
within the normal BMI range. Other studies have 
also shown that obesity increases the incidence  
of dyslipidemia by at least 1.3 to 1.6 times.6,7,8.24 This 
is because dysregulation of lipoprotein metabolism 
in obesity causes excessive production of very-
low-density lipoprotein or increased catabolism of 
high-density lipoprotein (HDL).25 Overweight- or 
obesity-related dyslipidemia can be improved by 
lifestyle modifications, such as diet restrictions and 
increased physical activity; thus, weight loss by 
improving eating habits and increasing exercise is 
recommended.24,25

Among the health-related behaviors analyzed 
in the present study, an increase in the average 
alcohol intake significantly increased blood total 
cholesterol and TG, decreased blood HDL-C, 
and decreased the probability of a normal HDL-C  
by 0.38 times. Excessive alcohol intake (>210 g/
week for males, >140 g/week for females) can 
increase blood TG levels by affecting the synthesis 
of TG and lipoproteins in the liver.26,27 Conversely, 
moderate alcohol consumption (alcohol consumption 
<12 g/day) protects against stroke.28 In particular, 
wine consumption has been associated with lower 
mortality risk.29 However, as alcohol intake increases, 
it affects not only blood TG but also the body's lipid 
index, which can negatively affect hyperlipidemia 
overall, pressing the need to raise awareness  
of excessive alcohol consumption.30

In the case of smoking, the present study showed 
that the higher the amount of smoking, the more 
negative the blood TG and HDL-C were, and 
the probability of being within the normal ranges 
decreased by 0.750 and 0.849 times, respectively. 
In addition to the significant difference in blood 
TG and HDL-C levels between non-smokers and 
smokers, these levels are also strongly correlated 
with the amount of smoking and the duration of the 
smoking habit, all of which can increase the risk  
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of arteriosclerosis.31 A study of Pakistanis found that 
smokers in their 40s and 50s had a significantly 
higher prevalence of dyslipidemia than non-smokers 
and 1.22-1.85 times higher blood LDL-C, HDL-C, 
and TC than those with no smoking history.32

 
Even second-hand smoking can increase 
dyslipidemia. In adults exposed to second-
hand smoke, women (1.214 times) had a higher 
prevalence of dyslipidemia than men (1.165 times), 
and older adults (age >60) (1.304 times) had a higher 
prevalence of dyslipidemia compared to adults 
less than 60 years old (1.130 times).33 Electronic 
cigarettes are another factor that increases 
dyslipidemia, highlighting the need to emphasize 
the negative health effects of any type of smoking 
on blood lipid levels.34

The results of the present study showed a significant 
difference in the average blood TG and HDL-C 
levels according to the degree of exercise among 
health-related behaviors. Furthermore, logistic 
regression showed that the probability of having 
normal blood TG and HDL-C levels increased by 
1.213 and 1.123 times, respectively, as the amount 
of exercise increased. In this study, exercise was 
defined as physical activity that caused slight 
shortness of breath or slightly rapid heartbeat for 
more than 10 min and investigated the frequency 
of regular exercise (0-7 times a week), such as 
fast walking, light running (jogging), and weight 
training (muscle exercise). Regular exercise at 
an intensity that consumes calories or jogging at 
a normal speed of 27-29 km a week can improve 
the lipoprotein composition of blood, especially 
in the absence of significant weight loss, which 
can significantly reduce the concentration of low-
density lipoprotein (LDL) particles in the blood and 
increase the average size of HDL.35,36 Based on the 
findings of the present study and previous studies, 
there is a need to publicize the long-term health 
benefits of regular exercise at recommended levels  
for improving blood lipids.

In this study, the difference in the average intake 
of major nutrients according to the blood TC 
standard was analyzed. The average intake 
of energy, carbohydrates, fats, saturated fats, 
monounsaturated fats, omega-3 and omega-6 
fatty acids, and cholesterol of the boundary group 
was higher than that of the high group (≥ 240 mg/

dL). The blood TC has been related to the amount  
of SFAs consumed, and replacing SFAs with MUFAs 
or PUFAs reduced the blood TC and LDL-C.37 In 
addition, if total dietary lipids increase, serum lipid 
improvement decreases by 0.626 times, and as 
saturated fatty acid intake increases, serum lipid 
improvement decreases by 0.561 times.38 However, 
reducing saturated fatty acid intake and replacing 
it with carbohydrates can worsen risk indicators  
of cardiovascular disease, such as increased blood 
triglycerides or reduced HDL cholesterol, so caution 
is needed.37 In the present study, the average 
carbohydrate intake was the highest in the high 
group with 200-499 mg/dL of blood TG. A previous 
meta-study demonstrated the cardiovascular 
disease prevention effect when substituting SFAs 
with PUFAs, and the risk of coronary heart disease 
in the dietary control group with 14.9% decreased by 
19% compared to the control group with 5% average 
PUFA consumption of energy consumed.39

Regression analysis in this study showed that as 
the amount of PUFAs and omega-3 fatty acids 
consumed increased, the probability of a normal 
blood HDL-C increased by 1.589 and 1.701 times, 
respectively. However, unconditionally lowering 
SFAs does not reduce the risk of cardiovascular 
disease. In particular, foods such as fat-rich dairy 
products, unprocessed red meat, and dark chocolate 
contain high levels of SFAs but do not increase 
the risk of cardiovascular disease.40 In addition,  
the composition of food consumed is also 
important. The Mediterranean diet, which 
includes an abundance of seafood, olive oil, fruits, 
vegetables, nuts, and wine, is characterized by high 
consumption of fiber and unsaturated fatty acids.41-43 
Adherence to the Mediterranean diet for an average  
of 4.8 years has been shown to lower the risk 
profile of cardiovascular disease by 0.72 to 
0.70 times.42-44 Blood lipids are a major cause  
of cardiovascular disease. Therefore, it appears 
that a health-conscious daily diet is imperative for 
the improvement and management of blood lipids 
and, thus, the prevention of cardiovascular disease.

Conclusions
This study investigated the effect of health-related 
behavior and nutritional intake on blood lipid levels 
in South Korean adult men and women. Underweight 
and normal BMI have a higher risk of hyperlipidemia 
than overweight and obesity. Health-related behavior, 
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especially the degree of alcohol consumption, 
was significantly linked to the mean blood total 
cholesterol, and the mean blood HDL-C and TG 
levels were significantly linked to drinking, smoking, 
and exercise. Logistic regression showed that blood 
total cholesterol was significantly associated with 
BMI, education level, and menopause; blood HDL-C 
was significantly associated with BMI, menopause, 
alcohol, smoking, exercise, intakes of PUFAs and 
omega-3 fatty acids, and dietary cholesterol, and 
blood TG levels were significantly associated with 
BMI, menopause, smoking, and exercise.

Evidence was provided to suggest an increase in the 
risk of hyperlipidemia with age in both adult men and 
women, especially in their 40s and 50s, emphasizing 
the importance of the management of blood lipid 
levels. In addition, women should be attentive to 
these levels after menopause. Excessive alcohol 
consumption and any type of smoking negatively 
affect blood lipid health. Additionally, because  
of the negative effect of overweight or obesity 
on hyperlipidemia, it is also important to improve 
lifestyle factors, specifically regularly exercising at a 
static level and adhering to a healthy diet to maintain 

a normal weight and improve blood lipid levels.  
This study has a limitation in that it analyzed the 
degree of influence of general lifestyle and nutrition 
that affects blood lipids levels with data from 
KNHANES. In future research, detailed studies 
on how blood lipids concentrations are affected 
in differentiated situations for specific lifestyles, 
specific diseases, and specific population groups 
are needed.
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