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Diet and lipid-lowering drug use among people with

dyslipidemia in Korea

Kwan Yeol Yang Ms, Chul Soon Yong phD, Hye Duck Choi phD, Jong Oh Kim pPhD

College of Pharmacy, Yeungnam University, Gyeongsan, Republic of Korea

Background and Objectives: Obesity and diet contribute to the development of hypercholesterolemia; therefore,
controlling blood lipid concentration through diet is essential. To understand the role of diet in controlling blood
lipid concentration, we evaluated the food and nutrient intakes, anthropometry, and blood lipid concentrations of
adults with dyslipidemia with or without lipid-lowering drug use. Methods and Study Design: For this cross-
sectional study, three-year data were obtained from the 6th—7th Korean National Health and Nutrition Examina-
tion Survey (2015-2017). Patients with dyslipidemia were categorized as users (1,734) or nonusers (856) of lipid-
lowering drugs. Results: Age, education level, marital status, self-reported health status, hypertension, diabetes,
and alcohol intake were significantly different between users and nonusers (p<0.05). Multiple logistic regression
analysis revealed a significant association between hypertension and diabetes and blood cholesterol status among
users. Total cholesterol, triglycerides, and low-density lipoprotein cholesterol were significantly lower in users
than in nonusers. During the study period, intake of saturated fatty acids increased significantly among users and
nonusers, and intakes of vitamins A and C decreased significantly with potential detrimental health effects. How-
ever, intakes of n-3 fatty acids and dietary fiber significantly increased in users and nonusers with potential health
benefits. Intakes of vegetables and fish significantly increased in users. No associations were observed between
intakes of nuts, fruits, or vegetables and blood cholesterol status. Conclusions: Changes in personal behaviors of
dyslipidemic patients need reinforcement for effective blood lipid management, particularly for optimal food in-

take patterns, whether lipid-lowering drug users or nonusers.
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INTRODUCTION
Cardiovascular disease (CVD) is a major cause of death?
worldwide and is a crucial health concern in South Ko-
rea.> Many risk factors are associated with CVD, includ-
ing dyslipidemia, hypertension, a family history of CVD,
insulin resistance, obesity, smoking, stress, and life-
style.»® According to the Korean National Health and
Nutrition Examination Survey (KNHANES), the preva-
lence of hypercholesterolemia (total cholesterol (TC)
>240 mg/dL) has gradually increased during the last dec-
ade from 8.5% in 2005 to 14.6% in 2014 (adults, age >30
years).? According to data from the 2015 KNHANES,?
the prevalence of hypercholesterolemia in South Korea is
17.9%, which is higher than rates reported in America
(15%)* and China (14.7%).5

Therapy with cholesterol-lowering drugs has beneficial
effects on cardiovascular parameters and arterial wall
composition.®” However, in a population with hyper-
lipidemia, obese patients tend to exhibit atherosclerosis
progression and a decrease in arterial stiffness despite
receiving optimized lipid-lowering drug therapy.®° There-
fore, in dyslipidemia management, controlling blood lipid
concentrations using a combination of pharmacotherapy
and lifestyle changes is crucial.’®! Dyslipidemia should
be treated using lipid-lowering drugs and behavioral in-
terventions such as diet modification, exercise, and smok-
ing cessation.® Obesity and diet are the two principal

modifiable factors that affect the development of hyper-
cholesterolemia.*?

Excessive fat consumption is widely believed to be a
major dietary cause of obesity,'® and the intake of high-
glycemic-index carbohydrates such as simple sugars and
starch may also contribute to obesity.’* Korean diets are
traditionally high in carbohydrates and low in fat,'®> with
carbohydrates, fat, and protein contributing to 63.7%,
21.8%, and 14.5% of the total energy intake, respective-
ly.2 Dietary patterns high in carbohydrates are associated
with a risk of dyslipidemia and CVD in Korean
adults.'®” Therefore, Korean patients with dyslipidemia
must consume adequate amounts of all macronutrients
(carbohydrates, proteins, and fats).

Recent studies have investigated the association be-
tween food intake patterns and dyslipidemia and have
particularly focused on the effect of choosing particular
individual foods or combinations of foods.®!*!8 The 2013
American College of Cardiology/American Heart Assoc-
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iation (AHA) guidelines recommend diet plans such as
the DASH diet, the United States Department of Agricul-
ture food pattern, and the AHA diet.!! The Korean guide-
lines for dyslipidemia management should recommend a
diet that consists of a high proportion of whole grains and
foods such as vegetables, beans, fish, fruits, and dairy
products.®

In the 6th KNHANES, the treatment rate (taking a li-
pid-lowering drug for 20 days or more per month; age
>30 years) for hypercholesterolemia was 45.5%, and the
rate of controlled hypercholesterolemia (total cholesterol
<200 mg/dL; age >30 years) was 39.7%.2 Statins are cur-
rently the most commonly used lipid-lowering agents for
the treatment of hyperlipidemia. Because statins are ad-
ministered orally, food intake plays a crucial role in
achieving adequate therapeutic effects.'® In a study using
data from the National Health and Nutrition Examination
Survey (NHANES, 1999-2010), the calorie intake of
statin users was significantly lower than that of nonus-
ers.® However, in the same study, the calorie and fat in-
takes of statin users increased, and the increase in body
mass index (BMI) was higher in statin users than in non-
users.?’ In a previous study based on the KNHANES that
concerned adults with dyslipidemia, the physical activity
of lipid-lowering drug users significantly decreased dur-
ing 2010-2013, but no significant difference was ob-
served between lipid-lowering drug users and nonusers in
terms of the calorie intake trend.?* The Study of Exercise
and Nutrition in Older Rhode Islanders (SENIOR) project
reported that statin users had more favorable lipid profiles
than nonusers but had significantly lower micronutrient
intake (vitamin B12, vitamin K, calcium, and potassium).
However, no differences were noted between the groups
in terms of reported physical activity.?? In addition, stud-
ies on dyslipidemia,?® the use of lipid-lowering drugs,?
risk factors for dyslipidemia in Koreans, and evaluation
of the effects of such drug use have been reported.?®

Several studies have emphasized the importance of
treating and managing dyslipidemia. However, studies
focusing on nutritional status and blood lipid profiles
based on the use or nonuse of lipid-lowering drugs are
insufficient. Therefore, the present study investigated the
BMI values, blood lipid profiles, and nutrient and food
intakes of lipid-lowering drug users and nonusers among
Korean adults with dyslipidemia.

METHODS

Data source and participants

This study was based on three-year data obtained from
the 6th—7th KNHANES survey, conducted from 2015 to
2017 by the Korea Centers for Disease Control and Pre-
vention. The KNHANES is an annual surveillance system
that uses a representative national sample consisting of
three surveys—a health interview survey, health examina-
tion survey, and nutrition survey—to assess the collective
health and nutritional status of the Korean population.
The health interview survey includes information regard-
ing housing characteristics, socioeconomic status, and
physical activity. The health examination survey contains
data on anthropometric measurements and laboratory
tests. Data on dietary behaviors, dietary supplement use,
food consumption frequency, and food intake are ob-

tained using the nutrition survey. The Institutional Re-
view Board (IRB) of the Korea Centers for Disease Con-
trol reviews and approves the KNHANES survey annual-
ly. The present study protocol was approved by the IRB
of Yeungnam University (IRB File number: 2017-09-
004).

The 2015-2017 KNHANES included 23,657 partici-
pants; in the present study, participants were excluded if
they did not have dyslipidemia or had missing data re-
garding dyslipidemia or lipid-lowering drug use. Fur-
thermore, participants were excluded if they were young-
er than 20 years, were pregnant, or had a daily calorie
intake below 500 kcal or over 5,000 kcal. The final sam-
ple comprised 2,590 participants (748 in 2015, 838 in
2016, and 1,004 in 2017).

Variables and measurements

Participants received the diagnosis of dyslipidemia from a
physician attached to the health interview survey. Partici-
pants with dyslipidemia were categorized as either users
or nonusers of lipid-lowering drugs. Sociodemographic
characteristics such as age, sex, education level, and mari-
tal status were obtained from the health interview survey.
Obesity was defined as a BMI (calculated as kg/m?) of
>25 kg/m?, which is the cutoff for adults in Asian and
Pacific regions.?® Systolic and diastolic blood pressure
values were measured after a resting period. Blood sam-
ples were collected from the antecubital vein after an 8-h
fast. TC, high-density lipoprotein cholesterol (HDL-C),
low-density lipoprotein cholesterol (LDL-C), triglycer-
ides (TG), and fasting blood glucose were measured using
an enzymatic method (Hitachi Automatic Analyzer 7600,
Hitachi, Japan). Diet and food intake were assessed using
a one-day 24-h recall method in the KNHANES. The
dietary questionnaire was administered during face-to-
face interviews and solicited information concerning the
type, amount, and frequency of foods and drinks con-
sumed during the previous day.

Statistical analysis

KNHANES data from the Korea National Statistical Of-
fice were used to define the standard population. Data
were analyzed using SPSS (version 23.0; IBM Corp, Ar-
monk, New York, USA). The results were computed fol-
lowing the survey procedure by using individual weight,
colony extraction, and variance estimation layer varia-
bles. The differences in categorical variables (general
characteristics) were compared using chi-square tests. To
identify differences in the continuous variables (anthro-
pometric and biochemical data and nutrient intake) used
in the study, data were analyzed using a t test with a gen-
eral linear model. General linear models were used to
estimate the trends in anthropometric and biochemical
parameters among Korean adults with dyslipidemia after
adjustment for age group, education level, marital status,
self-reported health status, hypertension diagnosis, diabe-
tes diagnosis, and alcohol intake. Trends in nutrient and
food intake were adjusted for age group, education level,
marital status, self-reported health status, hypertension
diagnosis, diabetes diagnosis, alcohol intake, and energy
intake. Multiple logistic regression analysis was per-
formed to estimate the odds ratios (ORs) and 95% confi-
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Table 1. General characteristics of participants

Total Drug non-user Drug user I
(n=2,590) (n=856) (n=1,734) p-value
Year (%/n)
2015 28.9 (748) 29.9 (256) 28.4 (492) 0.350
2016 32.4(838) 31.3(268) 32.9(570)
2017 38.8(1,004) 38.8(332) 38.8(672)
Sex (%)
Male 36.3 375 35.6 0.257
Female 63.7 62.5 64.4
Age group, years (%)
20-44 7.4 14.4 4.0 <0.001
45-64 46.7 52.2 43.9
>65 45.9 33.4 52.1
Educational attainment (%)
<High school 54.0 45.6 58.1 <0.001
High school 25.6 28.8 24.1
>High school 20.4 25.6 17.8
Marital status (%)
Married 73.9 76.5 72.6 0.001
Single 34 4.6 2.8
Other 22.7 18.9 24.6
Self-reported health status (%)
Good 15.5 17.3 14.7 0.001
Intermediate 50.7 54.9 48.6
Bad 33.8 27.9 36.7
Body mass index (%)
<22.9 27.5 324 15.2 0.116
23.0-24.9 26.3 25.6 26.7
>25.0 46.1 42.0 48.2
Hypertension diagnosis (%)
No 43.2 61.4 34.2 <0.001
Yes 56.8 38.6 65.8
Diabetes diagnosis (%)
No 74.6 84.6 69.7 <0.001
Yes 25.4 15.4 30.3
Alcohol intake (%)
>Once a month 66.5 61.2 69.1 <0.001
<Once a month 335 38.8 30.9
Smoking status (%)
Non-smoker 65.5 64.9 65.8 0.100
Current smoker 11.9 13.1 11.3
Past smoker 22.7 22.1 23.0

dence intervals (Cls) for blood cholesterol control status
according to general characteristics and across quartiles
of sugar-, nut-, fruit-, and vegetable intake, for which the
highest quartile was set as the reference. The significance
for all analyses was set at p<0.05.

RESULTS

The general characteristics of users and nonusers of lipid-
lowering drugs among Korean adults with dyslipidemia
are shown in Table 1. Among a total of 2,590 participants
with dyslipidemia, 1,734 reported taking lipid-lowering
drugs, and 856 reported not taking them. In the 2015-
2017 KNHANES, the number of users increased from
492 to 672. Significant differences were found between
users and nonusers in terms of age group, education level,
marital status, self-reported health status, hypertension
diagnosis, diabetes diagnosis, and alcohol intake
(p<0.05).

Anthropometric data and blood lipid concentrations of
users and nonusers are shown in Table 2. In terms of the
anthropometric data, the mean age of users (61.8+0.4
years) was significantly higher than that of nonusers

(55.0+£0.5 years). No significant difference in body
weight, waist circumference, or BMI was observed be-
tween users and nonusers. When the changes in BMI
were analyzed on the basis of sex (Figure 1), BMI signifi-
cantly decreased in men among nonusers; however, no
significant change was observed among women. Howev-
er, among both men and women in 2017, the average
BMI of nonusers represented overweight and that of users
represented obesity. In terms of blood lipid concentra-
tions, the TC, TG, and LDL-C of users were significantly
lower than those of nonusers. From 2015 to 2017, the
blood TG concentration significantly decreased in users.
Multiple logistic regression analysis showed a significant
association between hypertension and diabetes diagnosis
and the control status of blood cholesterol among lipid-
lowering drug users after adjustment for age group, edu-
cation level, marital status, self-reported health status,
hypertension diagnosis, diabetes diagnosis, and alcohol
intake (Table 3). No significant increase in risk (blood
cholesterol over 200mg/dL) was observed across research
year and BMI.
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Table 2. Anthropometric data and blood lipid of lipid-lowering drug users and nonusers

2015 2016 2017 -value for trend" Total p-value for group
Meanzstandard error Meanzstandard error Meanzstandard error P Meanzstandard error comparison*
Drug non-user (n=856)
Age 53.71.0 55.5+1.0 55.5+0.8 0.169 55.0+0.5 0.001
Body weight 66.6+1.3 66.3+1.0 65.3+0.7 0.600 66.0+0.6 0.405
Waist size 86.1+0.8 85.7+0.8 84.6+0.6 0.381 85.4+0.4 0.231
Body mass index 25.240.3 25.0+0.3 24.5+0.2 0.281 24.910.1 0.395
Fasting blood sugar 105+2.2 108+2.4 106+1.5 0.643 106+1.2 0.303
Total cholesterol 220+2.7 219+3.2 221+2.9 0.629 220+1.7 <0.001
Triglyceride 185+11.5 182+7.5 209+15.1 0.214 194+7.3 0.018
LDL-cholesterol 137+2.4 128+4.6 128+4.3 0.278 133+1.9 <0.001
Drug user (n=1,734)
Age 61.1+0.8 60.8+0.5 63.3+£0.6 0.002 61.8+0.4 -
Body weight 65.1+0.8 65.7+0.7 64.8+0.5 0.607 65.2+0.4 -
Waist size 87.0+0.5 87.0£0.5 86.7+0.4 0.775 86.9+0.3 -
Body mass index 25.240.2 25.1+0.2 25.310.1 0.591 25.240.1 -
Fasting blood sugar 111+1.9 112+1.8 112+1.4 0.545 112+1.0 -
Total cholesterol 171+1.8 169+1.6 167+1.4 0.635 169+0.9 -
Triglyceride 158+12.5 160+7.2 14045.0 0.037 150+4.7 -
LDL-cholesterol 93.0+1.5 96.8+2.7 88.7+3.5 0.359 03.1+1.2 -

™The trend in the study period was analyzed using general linear models in complex sample analysis after adjustment for age group, education level, marital status, self-reported health status, hypertension diagnosis,
diabetes diagnosis, and alcohol intake (p-value; trend from 2015 to 2017).

*Comparisons between lipid-lowering drug users and nonusers were performed using general linear models in complex sample analysis (using pooled samples across the study period) after adjustment for age group,
education level, marital status, self-reported health status, hypertension diagnosis, diabetes diagnosis, and alcohol intake.
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Figure 1. Changes in BMI in lipid-lowering drug users and nonusers

Table 3. Multiple logistic regression results showing adjusted ORs and 95% Cls' of blood cholesterol control status

in lipid-lowering drug users and nonusers

Drug user Drug non-user
OR 95% ClI OR 95% ClI
Blood cholesterol over 200 mg/dL
Research year
2015 1.06 0.69-1.63 0.90 0.56-1.45
2016 1.23 0.84-1.81 1.10 0.68-1.79
2017 1.00 1.00
Body mass index
<22.9 1.21 0.84-1.75 0.94 0.62-1.42
23.0-24.9 0.82 0.55-1.21 0.80 0.52-1.24
>25.0 1.00 1.00
Hypertension diagnosis
No 1.85 1.33-2.57 1.33 0.88-1.99
Yes 1.00 1.00
Diabetes diagnosis
No 1.57 1.09-2.26 3.40 2.11-5.48
Yes 1.00 1.00

OR: odds ratio; Cl: confidence interval.

TOR and 95% CI were analyzed using multiple logistic regression in complex sample analysis after adjustment for age group, education
level, marital status, self-reported health status, hypertension diagnosis, diabetes diagnosis, and alcohol intake.

The nutrient intake of users and nonusers is shown in
Table 4. From 2015 to 2017, the intakes of energy, carbo-
hydrates, vitamin A, and vitamin C decreased significant-
ly among users, whereas the intakes of fat, saturated fatty
acids, mono-unsaturated fatty acids, poly-unsaturated
fatty acids, n-3 fatty acids, dietary fiber, and calcium in-
creased significantly. In nonusers, the intakes of protein,
saturated fatty acids, dietary fiber, n-3 fatty acids, and
calcium increased significantly, and intakes of cholester-
ol, carbohydrates, vitamin A, and vitamin C decreased
significantly. No significant difference in nutrient intake
was observed between users and nonusers. An analysis of
the changes in the proportion of energy intake from fat on
the basis of sex (Figure 2) revealed that the intake rate
among women increased significantly in users, whereas
no significant change was noted among men. However,
when both men and women were considered, the rate of

energy intake from fat tended to increase in both users
and nonusers.

The overall yearly food intake of users and nonusers is
shown in Table 5. From 2015 to 2017, the total intake of
food and eggs decreased significantly in users, whereas
the intakes of vegetables and fish increased significantly.
In nonusers, the intakes of meat, alcohol, and beverages
increased significantly, whereas the egg intake decreased
significantly. No significant difference in overall food
intake was noted between users and nonusers, except in
terms of nut intake. We further evaluated the relationship
between food intake and blood cholesterol control status
(Table 6). As expected, among the lipid-lowering drug
nonusers, the blood lipid control status was negatively
associated with sugar intake [OR (95% CI)=0.48 (0.30—
0.78)] after adjustment for age group, education level,
marital status, self-reported health status, hypertension
diagnosis, diabetes diagnosis, alcohol intake, and energy
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Table 4. Nutrient intake of lipid-lowering drug users and nonusers

2015 2016 2017 Total p-value for group
Mean+SE Mean+SE Mean+SE p-value for trend’ Mean+SE comparison*
Drug non-user (n=856)
Energy (Kcal) 2000467.9 1970+80.4 1920+453.2 0.482 1960+38.5 0.457
Protein (g) 67.7+2.8 71.5+3.9 73.1+2.5 0.001 71.0+1.8 0.741
Fat (g) 43.0+£2.7 43.5+2.6 43.6+2.0 0.394 43.4+1.4 0.803
Saturated fatty acid (g) 12.1+0.9 12.3+0.8 13.8+0.8 0.020 12.940.5 0.405
Mono-unsaturated fatty acid (g) 13.6x1.0 13.9+0.9 14.1+0.8 0.402 13.9+0.5 0.619
Poly-unsaturated fatty acid (g) 11.1+0.7 10.7+0.7 10.8+0.4 0.515 10.9+0.3 0.363
n-3 fatty acid (g) 1.740.1 1.6£0.1 2.0+0.1 0.001 1.840.1 0.179
n-6 fatty acid (g) 9.5+0.6 9.1+0.6 8.7+0.4 0.839 9.1+0.3 0.581
Cholesterol (mg) 257425.8 281421.3 221+13.7 0.030 250+11.6 0.671
Carbohydrate (g) 316+11.0 29449.4 304+8.0 0.031 30445.4 0.461
Dietary Fiber (g) 26.8+1.0 23.7+0.9 28.0+1.0 <0.001 26.3+0.6 0.556
Calcium (mg) 500421.5 481+22.0 549+20.6 0.014 5134125 0.551
Sodium (mg) 38301204 38504218 3890+164.1 0.428 3860+112 0.734
Vitamin A (mg) 742+50.2 641+44.5 366+19.5 <0.001 561+23.2 0.053
Vitamin C (mg) 115+7.8 111+6.2 63.7+3.4 <0.001 93.1+3.5 0.144
Drug user (n=1,734)

Energy (Kcal) 1870452.2 1850+47.0 1680+35.7 0.003 1790+26.0 -
Protein (g) 62.8+2.3 63.6x1.9 62.7+2.0 <0.001 63.1+1.2 -

Fat (9) 34.8+1.5 36.8+1.8 35.0¢1.4 <0.001 35.6+0.9 -
Saturated fatty acid (g) 9.440.5 10.1+0.6 10.8+0.4 <0.001 10.2+0.3 -
Mono-unsaturated fatty acid (g) 10.4+0.5 11.6+0.7 10.8+0.5 0.001 11.0+0.3

Poly-unsaturated fatty acid (g) 9.6+0.4 9.840.5 9.5+0.4 0.003 9.6+0.2

n-3 fatty acid (g) 1.6£0.1 1.840.1 1.9+0.1 <0.001 1.840.1

n-6 fatty acid () 8.0+0.4 8.1+0.4 7.5+0.3 0.151 7.8+0.2

Cholesterol (mg) 204+12.9 227+15.1 177+11.7 0.172 202+7.9 -
Carbohydrate (g) 307+7.0 29546.5 28645.4 0.043 29543.6 -
Dietary fiber (g) 25.7+0.8 25.1+0.7 26.8+0.8 <0.001 25.9+0.4 -
Calcium (mg) 473+16.8 465 +£19.0 502 +15.9 <0.001 481+10.0 -
Sodium (mg) 35401145 3610+136 3230+110.2 0.497 3450+75.9 -
Vitamin A (mg) 693+42.8 721459.6 341+33.4 <0.001 571+28.4 -
Vitamin C (mg) 113+6.2 126+7.8 61.6+2.7 <0.001 98.4+3.7 -

SE: standard error.

™Trend for the study period was analyzed using general linear models in complex sample analysis adjusted for age group, education level, marital status, self-reported health status, hypertension diagnosis, diabetes
diagnosis, and alcohol intake (p-value; trend from 2015 to 2017).
*Comparisons between lipid-lowering drug users and nonusers were performed using general linear models in complex sample analysis (using pooled samples across the study period) after adjustment for age group,

education level, marital status, self-reported health status, hypertension diagnosis, diabetes diagnosis, and alcohol intake.
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Table 5. Food intake of lipid-lowering drug users and nonusers

2015 2016 2017 Total p-value for group
Mean+SE Mean+SE Mean+SE p-value for trend’ Mean+SE comparison*
Drug non-user (n=856)
Total food 1560+455.2 1660+86.1 1600+49.2 0.146 1610+37.1 0.762
Cereals (g) 300+15.0 280+11.6 2914105 0.302 29047.1 0.614
Potatoes (g) 45.3+8.6 43.6+7.7 30.945.2 0.201 39.0+4.1 0.543
Sugar (g) 10.7+1.4 10.5+1.8 12.0£1.5 0.357 11.2+0.9 0.345
Beans (g) 46.916.4 45.5+8.1 36.1+3.3 0.296 422435 0.831
Nuts (g) 8.4+1.7 4.9+0.9 6.6+0.8 0.195 6.6+0.7 0.002
Vegetables (g) 361+17.2 329+17.7 349+14.0 0.198 34619.4 0.913
Mushrooms (g) 7.3x1.7 5.8+1.2 6.5+1.3 0.894 6.5+0.8 0.794
Fruits (g) 232+20.1 213+20.3 192+16.4 0.158 210+10.8 0.186
Meat (g) 84.0+8.4 101+17.3 104+8.2 0.016 97.5+6.8 0.689
Eggs (9) 31.945.2 34.0£3.7 24.1+3.0 0.039 29.5+2.3 0.393
Fish (g) 95.8+13.2 97.0+13.5 120+9.2 0.169 106+6.8 0.729
Seaweeds () 24.4+4.9 27.316.0 27.8+4.8 0.813 26.7+3.0 0.138
Milk (g) 64.5+7.5 85.8+10.7 74.619.1 0.282 75.245.4 0.308
Oil (g) 6.9+0.7 6.9+0.8 7.0£0.5 0.458 7.0£04 0.076
Alcohol and beverages () 207+24.2 341+62.3 277+22.8 0.010 277+22.9 0.293
Drug user (n=1,734)
Total food 1490+453.2 1510+42.7 1440+437.2 0.041 1480+25.0 -
Cereals (g) 29448.8 27348.1 26446.3 0.190 275+4.4 -
Potatoes () 36.445.1 39.6+4.2 38.8+4.0 0.803 38.4+2.5 -
Sugar (g) 9.7+0.8 8.2+0.7 9.2+0.6 0.084 9.0+0.4 -
Beans (g) 41.1+3.6 37.0£3.3 42.7+3.5 0.425 40.3+2.0 -
Nuts (g) 9.9+1.4 11.8+2.2 9.1+1.3 0.827 10.3+1.0 -
Vegetables (g) 323+11.2 346+11.7 334+11.7 0.012 33516.8 -
Mushrooms (g) 4.7+0.8 6.6x1.4 3.9+0.6 0.160 5.1+0.6 -
Fruits (g) 224+14.9 254+17.5 200+11.7 0.121 22548.6 -
Meat (g) 74.518.9 73.416.4 76.246.3 0.302 74.7+4.1 -
Egos (9) 23.5+2.2 28.7+2.4 18.3+1.6 0.014 23.4+1.2 -
Fish (g) 102+12.9 93.318.3 113+8.0 0.014 103+5.5 -
Seaweeds (g) 33.4£7.0 33.9+4.5 34.3+4.2 0.968 33.9+2.9 -
Milk (g) 80.2+8.5 66.1+7.2 79.845.7 0.147 75.1+4.0 -
Oil (g) 6.910.4 6.4+0.5 6.2+0.4 0.795 6.5+0.3 -
Alcohol and beverages (g) 194+26.5 202+18.5 176+15.2 0.713 190+11.4 -

SE: standard error. "The trend in the study period was analyzed using general linear models in complex sample analysis after adjustment for age group, education level, marital status, self-reported health status, hy-

pertension diagnosis, diabetes diagnosis, and alcohol intake (p-value; trend from 2015 to 2017). *Comparisons between lipid-lowering drug users and nonusers were performed using general linear models in com-
plex sample analysis (using pooled samples across the study period) after adjustment for age group, education level, marital status, self-reported health status, hypertension diagnosis, diabetes diagnosis, and alcohol
intake
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Table 6. Multiple logistic regression results showing adjusted ORs and 95% Cls of blood cholesterol control status

according to sugar-, nut-, vegetable-, and fruit intake

Drug user Drug non-user
OR 95% ClI OR 95% ClI

Blood cholesterol over 200 mg/dL

Sugar intake
Quartile 1 1.17 0.73-1.87 0.62 0.35-1.08
Quartile 2 0.90 0.59-1.37 0.64 0.39-1.07
Quartile 3 0.91 0.58-1.44 0.48 0.30-0.78
Quartile 4 1.00 1.00

Nuts intake
Quartile 1 1.12 0.56-2.26 1.54 0.71-3.32
Quartile 2 1.15 0.59-2.22 1.34 0.64-2.79
Quartile 3 1.11 0.54-2.29 1.14 0.52-2.49
Quartile 4 1.00 1.00

Vegetables intake
Quartile 1 0.50 0.25-0.98 1.54 0.67-3.53
Quartile 2 0.50 0.24-1.06 1.15 0.48-2.80
Quartile 3 0.40 0.15-1.04 1.88 0.53-6.75
Quartile 4 1.00 1.00

Fruits intake
Quartile 1 0.70 0.31-1.58 1.18 0.47-2.97
Quartile 2 0.79 0.35-1.79 0.99 0.41-2.36
Quartile 3 0.78 0.29-2.05 0.98 0.36-2.64
Quartile 4 1.00 1.00

OR: odds ratio; CI: confidence interval.

TOR and 95% CI were analyzed using multiple logistic regression in complex sample analysis after adjustment for age group, education
level, marital status, self-reported health status, hypertension diagnosis, diabetes diagnosis, and alcohol intake.
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Figure 2. Changes in energy intake from fat in lipid-lowering drug users and nonusers.

intake. However, no association between the intakes of
nuts, fruits, and vegetables and the blood cholesterol con-
trol status was observed in users and nonusers of lipid-
lowering drugs.

DISCUSSION

For dyslipidemia management, controlling blood lipid
concentrations by using a combination of pharmacothera-
py and lifestyle changes such as weight control and diet
modification is crucial.’®!! The present study evaluated
anthropometric data, blood lipid concentrations, and nu-
trient and food intake of Korean adults with dyslipidemia

and compared users and nonusers of lipid-lowering drugs
using data from the 6th—7th KNHANES (2015-2017).
Among the anthropometric indicators, no significant
difference was observed in terms of body weight, waist
circumference, or BMI between users (24.9 kg/m?) and
nonusers (25.2 kg/m?). Moreover, the multiple logistic
regression analysis revealed no significant increase in risk
across research year and with respect to BMI. However,
in both men and women, the average BMI of nonusers
represented overweight and that of users represented obe-
sity in 2017. In a previous study that investigated adults
with dyslipidemia using data from the 2010-2013
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KNHANES, the BMI of users (25.3 kg/m?) was higher
than that of nonusers (24.8 kg/m?).2! These results indi-
cate that weight management in patients with dyslipidem-
ia is necessary, especially among lipid-lowering drug
users.

As mentioned earlier, controlling blood lipid concen-
trations is crucial in the management of dyslipidemia.!
In the present study, the TC, TG, and LDL-C concentra-
tions of users were significantly lower than those of non-
users, and the blood concentrations of TG in users signif-
icantly decreased from 2015 to 2017. In a study that used
data from the NHANES, the decrease in TC, LDL-C, and
TG concentrations was significantly greater among statin
users than nonusers (p<0.05 for the difference in
trends).?® These results indicate that lipid-lowering drug
users experience more effective management of blood
lipid levels than nonusers. It is predicted that the man-
agement of patients with dyslipidemia who do not take
lipid-lowering drugs is important. Therefore, maximizing
the therapeutic effect of lipid-lowering drugs is necessary
and could be achieved by encouraging active participation
of patients in drug therapy and strengthening the patients’
understanding of statins, the drugs primarily used to treat
dyslipidemia.

In a study that used data from the 1999-2010
NHANES, the calorie intake of statin users was signifi-
cantly lower than that of nonusers, but the calorie and fat
intakes increased among statin users over time; BMI also
increased relatively quickly among them.?° However, in a
study based on the KNHANES, no significant difference
was observed between users and nonusers in terms of the
trend of calorie intake.?* The SENIOR project reported
that statin users exhibited more favorable lipid profiles
than nonusers, but users had significantly lower micronu-
trient intake.?? In the present study, no significant differ-
ence in nutrient intake was observed between users and
nonusers. From 2015 to 2017, the energy and carbohy-
drate intakes of users decreased significantly, and their fat
intake increased significantly.

The National Cholesterol Education Program guide-
lines for healthy American adults recommends an intake
of 50%—-60% of calories from carbohydrates, 15% from
protein, and 25%—-35% from fats (<7% of calories from
saturated fatty acids, up to 10% from poly-unsaturated
fatty acids, and up to 20% from mono-unsaturated fatty
acids).?” In general, fat intake in Korea is lower than the
typical intake in Western countries. However, a wide var-
iation in fat intake has been reported among individuals,
with an increased fat intake reported in recent years. In
the 2015 Korean guidelines for the management of
dyslipidemia, rather than limiting the amount of total fat
intake for the treatment of dyslipidemia, limiting the in-
take of saturated fatty acids was recommended.® In the
present study in both users and nonusers, saturated fatty
acid intake increased significantly, and intakes of vita-
mins A and C decreased significantly. However, the in-
takes of n-3 fatty acids and dietary fiber increased signifi-
cantly in both users and nonusers.

Soluble dietary fiber is effective for improving blood
cholesterol and triglyceride concentrations.® The 2015
Korean guidelines recommend that monosaccharide in-
take be reduced and consumption of mixed grains, marine

algae, and vegetables that contain large amounts of solu-
ble dietary fiber be increased for the management of
dyslipidemia.® As mentioned earlier, it is helpful to have a
diet that includes a higher proportion of whole grains
along with foods such as vegetables, beans, fish, fruit, and
dairy products.® In the present study, vegetable and fish
intakes in lipid-lowering drug users increased significant-
ly during the study period. The nutritional status of Kore-
an patients with dyslipidemia was found to vary depend-
ing on individual nutrient and food intakes. In the multi-
ple logistic regression analysis, among the lipid-lowering
drug nonusers, blood lipid control status was negatively
associated with sugar intake [OR (95% CI)=0.48 (0.30—
0.78)] after adjustment for age group, education level,
marital status, self-reported health status, hypertension
diagnosis, diabetes diagnosis, alcohol intake, and energy
intake. For lipid-lowering drug users and nonusers, how-
ever, no association was observed between the intakes of
nuts, fruits, and vegetables and blood cholesterol control
status. Therefore, nutrition education is required for both
lipid-lowering drug users and nonusers to ensure the ap-
propriate intake of individual nutrients and foods.

This study has several limitations. First, nutrient intake
data were obtained through self-reported questionnaires
from the KNHANES, and the questionnaire used in the
KNHANES examined only whether patients were taking
lipid-lowering drugs generally rather than obtaining spe-
cific drug information. Second, the study followed an
iterative cross-sectional design. Further studies are war-
ranted to address these limitations.

In summary, the present study identified key nutrients
for blood lipid management in lipid-lowering drug users
and nonusers. The results indicate that changes in lifestyle
and nutrient intake of patients with dyslipidemia are re-
quired and that the importance of appropriate nutrient
intake should be emphasized in addition to providing ed-
ucation about lipid-lowering drugs. Furthermore, nutri-
tion-related education concerning the adequate intake of
individual nutrients for blood lipid management is neces-
sary for both lipid-lowering drug users and nonusers.
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