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Abstract

Background: This study aimed to investigate the prevalence, awareness, treatment, and control rates of
dyslipidemia and identify the predictors of optimal control (low-density lipoprotein cholesterol < 100 mg/dL)
among patients with diabetes mellitus (DM).

Methods: A cross-sectional study was conducted using the representative Korea National Health and Nutrition
Examination Survey (2014–2018). Overall, 4311 patients with DM, aged ≥19 years, and without cardiovascular
diseases were selected, and the prevalence, awareness, treatment, and control rates of dyslipidemia were calculated.
Univariate and multivariate logistic regression analyses were conducted to evaluate the factors influencing the
optimal control of dyslipidemia.

Results: Dyslipidemia was prevalent in 83.3% of patients with DM, but the awareness and treatment rates were
36.5 and 26.9%, respectively. The control rate among all patients with dyslipidemia was 18.8%, whereas it was 61.1%
among those being treated. Prevalence and awareness rates were also significantly higher in women than in men.
Dyslipidemia was most prevalent in those aged 19–39 years, but the rates of awareness, treatment, and control
among all patients with dyslipidemia in this age group were significantly lower than those in other age groups. The
predictors of optimal control were age ≥ 40 years [range 40–49 years: adjusted odds ratio (aOR) 3.73, 95%
confidence interval (CI) 1.43–9.72; 50–59 years: aOR 6.25, 95% CI 2.50–15.65; 60–69 years: aOR 6.96, 95% CI 2.77–
17.44; 70–79 years: aOR 9.21, 95% CI 3.58–23.74; and ≥ 80 years: aOR 4.43, 95% CI 1.60–12.27]; urban living (aOR 1.44,
95% CI 1.15–1.80); higher body mass index (aOR 1.27, 95% CI 1.13–1.42); lower glycated hemoglobin levels (aOR
0.71, 95% CI 0.67–0.76); hypertension (aOR 1.53, 95% CI 1.22–1.92); poorer self-rated health status (aOR 0.72, 95% CI
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0.62–0.84); and receiving regular health check-ups (aOR 1.58, 95% CI 1.25–2.00).

Conclusions: Most patients with DM were diagnosed with dyslipidemia, but many were unaware of or untreated
for their condition. Therefore, their control rate was suboptimal. Thus, by understanding factors influencing optimal
control of dyslipidemia, physicians should make more effort to encourage patients to undergo treatment and thus,
adequately control their dyslipidemia.
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Background
Cardiovascular disease (CVD) continues to be the leading
cause of morbidity and mortality in patients with diabetes
mellitus (DM) worldwide [1–3]. It is well known that pa-
tients with DM have a substantially higher risk of develop-
ing CVD than the general population [4, 5]. In addition,
dyslipidemia, which is a major risk factor for CVD [6, 7], is
notably prevalent in patients with DM [8]. Considering that
the optimal control of dyslipidemia is fundamental for the
primary prevention of CVD [9, 10], patients with DM need
a more effective management of dyslipidemia than those
without DM. The 2018 American College of Cardiology/
American Heart Association and the 2019 European Soci-
ety of Cardiology/European Atherosclerosis Society guide-
lines for the management of dyslipidemia have stratified
patients with DM as having a higher risk for developing
atherosclerotic CVDs and recommend stricter low-density
lipid cholesterol (LDL-C) control [11, 12]. The 2018 Korean
Society of Lipid and Atherosclerosis (KSoLA) dyslipidemia
management guidelines, based on the National Cholesterol
Education Program-Adult Treatment Panel III, has classi-
fied patients with DM without CVD as a high-risk group
and suggested that an LDL-C goal of < 100mg/dL should
be maintained [13, 14]. Despite these recommendations,
previous studies have reported suboptimal achievement of
LDL-C goal among patients with DM with dyslipidemia
[15–17]. Furthermore, in contrast to previous studies that
investigated the prevalence, awareness, treatment, and
control rates of dyslipidemia [18–21], relatively few studies
have evaluated the specific rates of dyslipidemia in patients
with DM, especially in Korea. Therefore, this study aimed
to examine the prevalence, awareness, treatment, and
control of dyslipidemia among patients with DM using data
from the Korea National Health and Nutrition Survey
(KNHANES), which is a nationally representative
population-based survey. In addition, this study attempted
to identify factors associated with the optimal control of
dyslipidemia to provide an essential perspective for the pri-
mary prevention of CVD among patients with DM.

Methods
Data source and study population
The data used in this study were retrieved from the
KNHANES from 2014 to 2018. The KNHANES is a

national surveillance program that has been conducted
annually by the Korea Centers for Disease Control and
Prevention (KCDC) since 1998 to evaluate the health
and nutritional status of the general population of Korea.
The selection process of participants for KNHANES in-
volves complex, stratified, multistage, and cluster sam-
pling to assemble unbiased nationally representative data
[22, 23]. This surveillance program consists of surveys
using a health interview, health examination, and nutri-
tional status. The details of the KNHANES, including its
representatives, have been mentioned in previous studies
[22, 24]. Among the total participants (n = 39,199) of the
KNHANES from 2014 to 2018, patients with DM aged
≥19 years were selected (n = 7238). Patients with DM
were defined as those with a fasting blood sugar (FBS)
≥126 mg/dL or glycated hemoglobin (HbA1c) ≥6.5%,
currently using oral hypoglycemic agents or insulin, or
previously diagnosed with DM by a doctor. Moreover,
since the purpose of this study was to evaluate the
prevalence and management of dyslipidemia among
patients with DM for the primary prevention of CVD,
participants who responded positively to the survey
questions regarding prior diagnosis of ischemic heart
disease (myocardial infarction or angina pectoris) or
stroke by a doctor were excluded (n = 603). In addition,
participants with missing values for any of the study var-
iables, including outcome variables and covariates, were
also excluded (n = 2324). Therefore, a total of 4311 pa-
tients were selected as the final study population (Fig. 1).

Definitions of study variables
The prevalence of dyslipidemia was defined as the pro-
portion of participants with LDL-C levels higher than
the target level (LDL-C ≥ 100 mg/dL) recommended by
the KSoLA 2018 guidelines for patients with DM, cur-
rently using lipid-lowering agents, or previously diag-
nosed with dyslipidemia by a doctor. Awareness of
dyslipidemia was defined as those who indicated a posi-
tive response to the survey regarding prior diagnosis of
dyslipidemia by a doctor among those with dyslipidemia.
Treatment of dyslipidemia was defined as a positive re-
sponse to the current use of lipid-lowering agents among
patients with dyslipidemia. Control of dyslipidemia was
defined as the achievement of LDL-C goal of < 100 mg/
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dL among those with dyslipidemia. The control rate
among patients treated for dyslipidemia was also
measured. Hypertension was defined as systolic blood
pressure ≥ 140mmHg or diastolic blood pressure ≥ 90
mmHg, self-reported current use of antihypertensive
medication, or self-reported prior diagnosis of hyperten-
sion by a doctor. Obesity status was defined using body
mass index (BMI) in accordance with the obesity stan-
dards in Korea (< 18.5 kg/m2 for underweight, 18.5–22.9
kg/ m2 for ideal weight, 23–24.9 kg/m2 for overweight,
and ≥ 25.0 kg/m2 for obese) [25]. Family history of CVD
was defined as a positive response on the survey to ques-
tions regarding their parents or siblings being diagnosed
with ischemic heart disease (myocardial infarction or
angina pectoris) or stroke. In terms of smoking status,
all participants were classified as either “non-smokers”
(never and past smokers) or “current smokers.” Drinking
status was categorized as either “risky drinker” or “non-
risky drinker.” Risky drinkers were defined as partici-
pants who consumed alcohol ≥2 times/week, with an
average of ≥5 and ≥ 7 drinks/occasion for women and
men, respectively. Non-risky drinkers were defined as
those who consumed lesser alcohol than risky drinkers.
The participants’ physical activity status was classified
into two groups according to the Physical Activity
Guidelines for Americans, 2nd edition [26]. The guide-
line recommends that adults need to perform moderate-
intensity aerobic physical activity for at least 150 min/
week or vigorous-intensity aerobic physical activity for at
least 75 min/week or an equivalent mix of moderate and
vigorous-intensity activities [26] Participants who

satisfied any of these criteria were categorized into the
“sufficient physical activity” group. The participants’ re-
sponses to the survey question regarding having under-
gone a health check-up within the last 2 years was used
to assess whether they were receiving regular health
check-ups.

Anthropometric and biochemical measurements
Blood samples from every participant were obtained
after at least 8 h of fasting [12 h for triglyceride (TG)].
The obtained blood samples were processed, immedi-
ately refrigerated, and sent to the central laboratory for
cold storage. All received samples were analyzed within
24 h. Total cholesterol (TC), high-density lipoprotein
cholesterol (HDL-C), TGs, and FBS levels were assessed
using a Hitachi Autonomic Analyzer 7600–210 (Hitachi,
Japan), whereas HbA1c level was determined using a
Tosoh G8 (Tosoh, Japan). The LDL-C level was directly
measured if an analyzer yielded a TG level of ≥200mg/
dL, whereas it was indirectly measured using the Friede-
wald formula (LDL-C = TC - HDL-C + TG/5) if the TG
level was < 200 mg/dL [20, 27]. The Friedewald formula
was also used to calculate the LDL-C levels of partici-
pants with TC, TG, and HDL-C values, but not LDL-C
values. BMI was calculated as an individual’s weight in
kilograms divided by height in meters squared. Blood
pressure (BP) was measured three times using a mercury
sphygmomanometer (Baumanometer; WA Baum Co
Inc., Coptague, NY, USA) on the participants’ right arm
while they were in a seated position. A resting period of
at least 5 min was required before every measurement

Fig. 1 Flow diagram of selection of study population. KNHANES, Korea National Health and Nutrition Examination Survey; DM, diabetes mellitus
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was taken. The average of the second and third BP read-
ings was recorded as the final BP [20].

Predictors of optimal control of dyslipidemia
The potential factors that could influence the optimal
control of dyslipidemia among patients with DM were
categorized into three factors: socio-demographic (age,
sex, marital status, educational status, employment sta-
tus, family income, residential area, and type of medical
insurance), health status (BMI, HbA1c, BP, level of self-
rated health, prevalence of hypertension, and family his-
tory of CVD), and health behavior (smoking status,
drinking status, level of physical exercise, and health
check-ups within 2 years). The definitions of hyperten-
sion and calculation of BMI have been described previ-
ously. Other factors were determined based on the self-
reported data from the KNHANES health interview
survey.

Statistical analysis
Sampling weights utilized in the sample design of KNHA
NES were applied to all statistical analyses in this study to
represent the entire adult population of Korea without
bias [22]. Descriptive analyses were performed to assess
the baseline characteristics of the participants and the out-
come variables. Continuous variables were expressed as
means and standard deviations, whereas categorical vari-
ables were expressed as percentages and standard errors.
After measuring the prevalence, awareness, treatment, and
control rates of dyslipidemia among patients with DM,
additional subgroup analyses were performed to compare
the rates based on sex and age group. Differences in the
rates between subgroups were compared using the chi-
square test. To investigate the factors influencing the opti-
mal control of dyslipidemia in patients with DM, initially,
univariate logistic regression analyses between patients
with controlled and uncontrolled dyslipidemia for each
specific factor mentioned above were performed. Subse-
quently, adjusted multivariate logistic regression analyses
using factors with P value < 0.1 in the univariate analyses
were conducted. All statistical analyses were performed
using STATA version 14.1 (Stata Corp., College Station,
TX, USA). A two-sided P value < 0.05 was considered
significant.

Results
Baseline characteristics
Of the total 4311 patients with DM without a history of
CVD, 49.0% were men and 51.0% were women. The mean
age of all participants was 56.4 ± 15.8 years with 68.9% be-
ing ≥50 years. A total of 69.9% of all participants were
married, whereas 30.1% were single/divorced/separated/
widowed. In terms of educational status, 40.5% had a mid-
dle school or lower education, 29.3% had a high school

education, and 30.3% had a college or higher degree. A
total of 55.7% of all participants were employed. In terms
of socioeconomic status, 53.5% belonged to the lower
middle or low-income class and 60.3% resided in urban
areas. A total of 92.7% of all participants were beneficiaries
of Medicare. In terms of obesity status, 68.2% were either
overweight or obese. In terms of hyperglycemic markers,
47.8% had FBS ≥130mg/dL and 44.2% had HbA1c ≥8.0%.
In contrast, only 20.1% had HbA1c < 6.5%. A total of
32.4% of all participants had LDL-C levels < 100mg/dL.
Also, a total of 80.3% of all participants had BP < 140/90
mmHg. A total of 28.0, 51.8 and 20.3% of all participants
rated their health status as poor or very poor, fair, and
good or excellent, respectively. A total of 50.6% of all pa-
tients had hypertension and 17.9% had a family history of
CVD. In terms of health behaviors, 79.0% were non-
smokers and 85.9% were non-risky drinkers. A total of
57.9% of all patients had insufficient physical activity
levels, whereas 64.8% had undergone health check-ups
within 2 years (Table 1).

Prevalence, awareness, treatment, and control rates of
dyslipidemia among patients with DM
The prevalence of dyslipidemia among all patients with
DM was 83.3%, whereas the awareness and treatment
rates of dyslipidemia were 36.5 and 26.9%, respectively.
The control rate of all patients with dyslipidemia was
18.8% and it was 61.1% among those taking lipid-lowering
agents. In the subgroup analysis, in terms of sex, women
had significantly higher prevalence (88.3% vs. 78.1%) and
awareness rates (38.3% vs. 34.3%) of dyslipidemia than
those in men. The differences of treatment and control
rates (both control among all patients with dyslipidemia
and control among treated patients) between men and
women were all statistically insignificant. In the subgroup
analysis in terms of age group, dyslipidemia was most
prevalent (88.5%) in patients aged < 40 years. The preva-
lence in other age groups was similar, ranging from 79.9
to 83.4%. Despite having the highest prevalence, partici-
pants aged < 40 years had the lowest awareness (4.7%),
treatment (3.1%), and control rates among all patients
with dyslipidemia (2.2%) compared to those in the other
age groups. In contrast, older participants (aged 40–79
years) tended to have more improved rates. However, all
these rates were significantly decreased in patients aged
≥80 years. Among patients who were treated for dyslipid-
emia, those aged < 40 years had the highest control rate
(73.7%), while other age groups had generally similar rates,
ranging from 58.5 to 62.7% (Table 2).

Factors associated with optimal control of dyslipidemia
among patients with DM
The results of the univariate and multivariate logistic re-
gression analyses on the factors influencing optimal
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Table 1 Baseline characteristics (n = 4311)

Characteristics Total subjects %
(SE) or mean ± SD

Socio-demographic factors

Sex

Male 49.0 (0.9)

Female 51.0 (0.9)

Age (years) 56.4 ± 15.8

19–39 15.5 (0.8)

40–49 15.8 (0.8)

50–59 23.8 (0.8)

60–69 21.1 (0.7)

70–79 17.0 (0.6)

≥ 80 7.0 (0.4)

Marital status

Married 69.9 (1.0)

Single/divorced/seperated/widowed 30.1 (1.0)

Educational status

Middle school or lower 40.5 (1.0)

High school 29.3 (0.9)

College or higher 30.3% (1.0)

Employment status

Yes 55.7 (0.9)

No 44.3 (0.9)

Family Income

Low 27.6 (0.9)

Lower middle 25.9 (0.9)

Upper middle 23.5 (0.8)

High 23.0 (0.9)

Residential area

Urban 60.3 (1.2)

Rural 39.7 (1.2)

Medical insurance

Medicare 92.7 (0.6)

Medical aid 7.3 (0.6)

Health-related factors

BMI (kg/m2)

8.5 2.4 (0.3)

18.5–22.9 29.5 (0.8)

23–24.9 22.2 (0.7)

≥ 25 46.0 (0.9)

FBS (mg/dL)

< 130 31.3 (0.8)

130–179 29.9 (0.9)

≥ 180 38.8 (1.0)

Table 1 Baseline characteristics (n = 4311) (Continued)

Characteristics Total subjects %
(SE) or mean ± SD

HbA1c (%)

< 6.5 20.1 (0.8)

6.5–6.9 19.0 (0.7)

7.0–7.4 11.1 (0.6)

7.5–7.9 5.6 (0.4)

≥ 8.0 44.2 (1.0)

LDL-C (mg/dL)

< 100 32.4 (0.9)

100–129 19.8 (0.7)

130–159 12.7 (0.6)

≥ 160 35.1 (1.0)

Blood pressure (mmHg)

< 120/80 38.7 (1.0)

120/80–139/89 41.6 (0.9)

≥ 140/90 19.7 (0.8)

Self-rated health

Very poor/poor 28.0 (0.8)

Fair 51.8 (0.9)

Good/Excellent 20.3 (0.7)

Hypertension

Yes 50.6 (0.9)

No 49.4 (0.9)

Dyslipidemia

Yes 83.3 (0.7)

No 16.7 (0.7)

Family history of CVD

Yes 17.9 (0.7)

No 82.1 (0.7)

Health behavior factors

Smoking status

Never/past smoker 79.0 (0.8)

Current smoker 21.0 (0.8)

Drinking status

Non-risky drinking 85.9 (0.7)

Risky drinking 14.1 (0.7)

Physical activity

Sufficient 42.1 (0.9)

Insufficient 57.9 (0.9)

Health check-up within 2 years

Yes 64.8 (0.9)

No 35.2 (0.9)

All data were weighted to the Korean standard population
Abbreviations: SE Standard error, SD Standard deviation, BMI Body mass index,
FBS Fasting blood sugar; HbA1c Glycated hemoglobin, LDL-C Low density
lipoprotein cholesterol, SBP Systolic blood pressure, DBP Diastolic blood
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control (LDL-C level < 100 mg/dL) of dyslipidemia
among patients with DM are presented in Table 3. In
the univariate analysis, age ≥ 40 years was the most sig-
nificant factor associated with optimal dyslipidemia con-
trol. The odds ratios (ORs) of patients in older age
groups were significantly higher than those of the base-
line group of patients aged ≤40 years. The overall trend
of OR in relation to age was consistent with that seen in
the dyslipidemia control rates. The OR increased with
age, peaking at 70–79 years, and markedly decreased
thereafter [OR 6.79, 95% confidence interval (CI) 2.64–
17.49 for 40–49 years; OR 12.71, 95% CI 5.13–31.47 for
50–59 years; OR 14.84, 95% CI 6.03–36.54 for 60–69
years; OR 18.06, 95% CI 7.29–44.75 for 70–79 years; OR
6.09, 95% CI 2.33–15.95 for ≥80 years]. Married status
(OR 1.49, 95% CI 1.20–1.86), urban living (OR 1.53, 95%
CI 1.24–1.88), higher BMI (OR 1.38, 95% CI 1.25–1.52),
hypertension (OR 2.52, 95% CI 2.07–3.06), a family his-
tory of CVD (OR 1.29, 95% CI 1.02–1.64), and having
undergone a health screening within 2 years (OR 2.03,
95% CI 1.63–2.52) were also significantly associated with
optimal dyslipidemia control. Meanwhile, higher educa-
tion (OR 0.72, 95% CI 0.64–0.81), better self-rated health
status (OR 0.67, 95% CI 0.59–0.77), and current smoking
status (OR 0.70, 95% CI 0.53–0.91) were significantly
correlated with suboptimal control of dyslipidemia. In
the multivariate analysis, an age ≥ 40 years remained the
most significant determinant for the optimal control of
dyslipidemia. The trend in the adjusted ORs of the older
age group as compared to those of the 19–39 years age
group was also consistent with the trend seen in the uni-
variate analysis [adjusted OR (aOR) 3.73, 95% CI 1.43–
9.72 for 40–49 years; aOR 6.25, 95% CI 2.50–15.65 for
50–59 years; aOR 6.96, 95% CI 2.77–17.44 for 60–69
years; aOR 9.21, 95% CI 3.58–23.74 for 70–79 years; and
aOR 4.43, 95% CI 1.60–12.27 for ≥80 years]. Urban liv-
ing (aOR 1.44, 95% CI 1.15–1.80), higher BMI (aOR
1.27, 95% CI 1.13–1.42), hypertension (aOR 1.53, 95%
CI 1.22–1.92), and having undergone a health screening

within 2 years (aOR 1.58, 95% CI 1.25–2.00) were also
identified as independent predictors of the optimal con-
trol of dyslipidemia. On the other hand, higher HbA1c
(aOR 0.71, 95% CI 0.67–0.76) and better self-rated
health status (aOR 0.72, 95% CI 0.62–0.84) were inde-
pendently associated with suboptimal control of dyslip-
idemia. The other factors with notable correlations in
the univariate analysis were not significantly corelated in
the multivariate analysis.

Discussion
In this nationwide cross-sectional study, dyslipidemia
was prevalent in majority (83.3%) of the patients with
DM. These numbers were mostly consistent with previ-
ous nationwide cross-sectional studies that were per-
formed in Thailand and The United States, with the
prevalence of dyslipidemia among patients with DM in
those studies being 88.9 and 74.9%, respectively [28, 29].
The slight difference in the prevalence of dyslipidemia in
those studies compared to the current study may be due
to differences in the definition of prevalence. The study
based in Thailand included abnormal TC, TG, HDL-C
and LDL-C levels for defining dyslipidemia, while the
study based in The United States defined it solely using
LDL-C levels and excluded patients maintaining optimal
LDL-C levels through medication or lifestyle modifica-
tion. Thus, considering the definition of dyslipidemia in
this study (LDL-C level ≥ 100mg/dL, a prior diagnosis of
dyslipidemia by a doctor, or currently taking lipid-
lowering agents), it can be said that the overall preva-
lence of dyslipidemia in patients with DM would be
similar if the same definition was applied to each study.
Furthermore, consistent with the findings of previous
studies [28, 29], the findings of this study demonstrated
that dyslipidemia was more common in women than in
men with DM.
Despite the high prevalence of dyslipidemia among pa-

tients with DM, the results of the present study indi-
cated that only 36.5% of patients were aware of their

Table 2 The rates of prevalence, awareness, treatment, and control of dyslipidemia among patients with diabetes mellitus by age
and sex
Variables All %

(SE)
By sex By age

Men
% (SE)

Women
% (SE)

P value 19–39 years
% (SE)

40–49 years
% (SE)

50–59 years
% (SE)

60–69 years
% (SE)

70–79 years
% (SE)

≥80 years
% (SE)

P value

Prevalencea 83.3 (0.7) 78.1 (1.2) 88.3 (0.8) 0.000 88.5 (1.7) 82.6 (2.0) 83.3 (1.5) 82.6 (1.4) 79.9 (1.4) 83.4 (2.3) 0.019

Awarenessb 36.5 (1.0) 34.3 (1.4) 38.3 (1.3) 0.038 4.7 (1.2) 28.6 (2.7) 48.9 (2.1) 50.2 (1.9) 49.1 (2.1) 22.9 (2.7) 0.000

Treatmentb 26.9 (0.9) 25.8 (1.3) 27.9 (1.1) 0.232 3.1 (1.1) 19.1 (2.4) 31.0 (2.0) 38.8 (1.8) 40.6 (2.1) 19.7 (2.6) 0.000

Controlb 18.8 (0.8) 18.9 (1.2) 18.7 (1.0) 0.873 2.2 (1.0) 13.5 (1.9) 22.6 (1.8) 25.5 (1.8) 29.4 (2.0) 12.3 (2.0) 0.000

Control among treatedc 61.1 (1.8) 63.6 (2.8) 59.2 (2.2) 0.207 73.7 (12.9) 60.2 (5.9) 62.6 (3.7) 58.5 (3.1) 62.7 (3.1) 58.8 (6.6) 0.000

All data were weighted to the Korean standard population
an = 4311
bn = 3565
cn = 1090
P values were calculated by chi-square test
Abbreviation: SE Standard error
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disease and that only 26.9% were receiving treatment.
According to a recent European longitudinal study, indi-
viduals who were unaware of their hypercholesterolemia
demonstrated a significantly higher arterial augmenta-
tion index than those who were aware of their condition
[30]. Thus, it is crucial to educate patients with DM re-
garding their increased risk of developing dyslipidemia
and its associated CVD complications. In terms of con-
trol of dyslipidemia, the LDL-C goal (< 100 mg/dL) at-
tainment for patients with DM with dyslipidemia was
significantly suboptimal in this study, with an overall
control rate of only 18.8%. This value was lower than
that reported in a previous study in Korea conducted
with the National Health Insurance Service-National
Health Screening Cohort (NHIS-HEALS), which

reported that 32.6% of patients with DM attained an
LDL-C goal of < 100 mg/dL [31]. However, the above
mentioned study included all patients with DM regard-
less of the prevalence of dyslipidemia, whereas the
current study focused on control rates of dyslipidemia
among patients with DM. In fact, the LDL-C goal attain-
ment rate of all patients with DM regardless of dyslipid-
emia in the present study was similar to that in the
NHIS-HEALS study (32.4%). Therefore, it can be con-
cluded that the rates of uncontrolled dyslipidemia
among patients with DM are quite high. Hence, physi-
cians should put forth efforts to motivate patients with
DM to optimally control their dyslipidemia in order to
prevent development of CVD. In addition, the present
study identified that nearly 40% of patients with DM

Table 3 Factors associated with optimal control (LDL-C < 100mg/dL) of dyslipidemia among patients with diabetes mellitus (n = 3565)

Factors Univariate logistic regression analysis Multivariate logistic regression analysis

Crude OR (95% CI) P value Adjusted ORa(95% CI) P value

Socio-demographic factors

Age

< 40 1 (reference) 1 (reference)

40–49 6.79 (2.64–17.49) 0.000 3.73 (1.43–9.72) 0.007

50–59 12.71 (5.13–31.47) 0.000 6.25 (2.50–15.65) 0.000

60–69 14.84 (6.03–36.54) 0.000 6.96 (2.77–17.44) 0.000

70–79 18.06 (7.29–44.75) 0.000 9.21 (3.58–23.74) 0.000

≥ 80 6.09 (2.33–15.95) 0.000 4.43 (1.60–12.27) 0.004

Female 0.98 (0.81–1.19) 0.873

Married 1.49 (1.20–1.86) 0.000 1.22 (0.95–1.57) 0.114

Employed 0.98 (0.81–1.19) 0.850

Higher education 0.72 (0.64–0.81) 0.000 1.04 (0.90–1.20) 0.588

Family income 0.98 (0.91–1.06) 0.667

Urban living 1.53 (1.24–1.88) 0.000 1.44 (1.15–1.80) 0.002

Medicare 1.27 (0.88–1.85) 0.202

Health-related factors

Higher BMI (kg/m2) 1.38 (1.25–1.52) 0.000 1.27 (1.13–1.42) 0.000

Higher HbA1c (%) 0.65 (0.62–0.69) 0.000 0.71 (0.67–0.76) 0.000

Higher blood pressure (mmHg) 0.95 (0.84–1.08) 0.418

Hypertension 2.52 (2.07–3.06) 0.000 1.53 (1.22–1.92) 0.000

Positive family history of CVD 1.29 (1.02–1.64) 0.031 1.01 (0.79–1.30) 0.940

Better self-rated health 0.67 (0.59–0.77) 0.000 0.72 (0.62–0.84) 0.000

Health behavior factors

Current smoker 0.70 (0.53–0.91) 0.008 0.79 (0.59–1.06) 0.118

Risky drinking 0.85 (0.61–1.19) 0.335

Sufficient physical activity 0.93 (0.76–1.14) 0.482

Health check-up within 2 years 2.03 (1.63–2.52) 0.000 1.58 (1.25–2.00) 0.000

All data were weighted to the Korean standard population
aAdjusted for age, marital status, educational status, residential area, body mass index, HbA1c, prevalence of hypertension, family history of CVD, level of self-
related health, smoking status, and health check-up within 2 years
Abbreviations: LDL-C Low density lipoprotein cholesterol, OR Odds ratio, CI Confidence interval; HbA1c Glycated hemoglobin, CVD Cardiovascular disease
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who were taking lipid-lowering agents also failed to
achieve an LDL-C goal of < 100 mg/dL. Thus, it is im-
perative to administer higher-intensity lipid-lowering
agents and encourage patients to adhere to their
medications.
Interestingly, the subgroup analysis in the current

study showed that dyslipidemia was most prevalent in
patients with DM aged < 40 years, with nearly 90% of
participants in this age group having the condition. In
contrast, previous studies conducted with the KNHA
NES reported that the prevalence of dyslipidemia in all
patients aged < 40 years was approximately 15–20% [20,
32], suggesting that patients with DM tend to develop
dyslipidemia at an earlier age than the general popula-
tion. Relatively few studies have analyzed the prevalence
of dyslipidemia among patients with DM in terms of age
group. A similar trend was also found in the study based
in Thailand, with the prevalence of dyslipidemia in pa-
tients with DM aged < 50 years being higher than that in
those aged ≥50 years (91.1% vs. 88.5%, respectively) [28].
Despite this, patients with DM aged 19–39 years had the
lowest awareness, treatment, and control rates. In
addition, the rates showed considerable differences in
contrast with the patients in other age groups, especially
compared to those aged 50–79 years. In terms of the de-
gree of control among those treated for dyslipidemia,
rates were actually found to be the highest in the pa-
tients with DM aged 19–39 years. However, considering
that awareness, treatment, and control rates among pa-
tients with DM with dyslipidemia were remarkably lower
in this age group than in other age groups, it can be as-
sumed that the status of dyslipidemia control in this age
group is generally very poor, except for a few health-
conscious individuals who are taking lipid-lowering
agents. A previous large-scale retrospective cohort study
in Korea showed that increased cholesterol levels were
significantly associated with higher CVD risk in young
adults aged 20–39 years [33]. The risk of CVD is even
higher in young patients with DM and increased choles-
terol levels. Thus, more attention should be given to this
younger age group with DM in whom dyslipidemia is
more prevalent, and its management is inadequate.
With regard to the factors associated with the optimal

control of dyslipidemia among patients with DM, the
present study identified that age ≥ 40 years, urban living,
higher BMI, lower HbA1c, hypertension, poorer self-
rated health, and regular health screening were inde-
pendent predictors for the attainment of the LDL-C goal
of < 100mg/dL, with age being the most prominent fac-
tor. In terms of age, the aORs for the optimal control of
dyslipidemia significantly increased with age until 79
years. This trend could possibly be interpreted by the
“health belief model” [34, 35], which explains that those
who perceive that they are more ill will engage in

healthier behaviors to reduce their risk of developing an
illness and vice versa. Older age is a well-known risk fac-
tor for CVD [11–13], and older patients with DM are
likely to have more comorbidities than younger patients.
Thus, patients aged ≥40 years are probably more health-
conscious than those aged 19–39 years, resulting in
better dyslipidemia control. Older age was also an inde-
pendent factor for non-attainment of LDL-C goal in pa-
tients with acute coronary syndrome [36]. The decrease
in aOR for optimal dyslipidemia control in patients aged
≥80 years may be due to their lack of motivation for
strict lipid control. Compared to the younger age groups,
patients aged ≥80 years may think that they are nearing
the end of their lifespan. The fact that the awareness
and treatment rates of patients in this age group were
significantly lower than those in patients aged 50–70
years, may strengthen this assumption. The health belief
model could also be used to explain the other positive
predictors of optimal dyslipidemia control, such as
higher BMI, hypertension, poorer self-rated health, and
health screening within 2 years. Patients with these fac-
tors are likely to be more concerned with their general
health status due to their underlying conditions (e.g.,
obesity and hypertension) or higher perceived suscepti-
bility to developing specific health problems (e.g., CVD),
which consequently affected their behaviors for better
control of dyslipidemia. Meanwhile, the “healthy adherer
effect” [37] may explain how lower HbA1c levels may
predict better control of dyslipidemia. Patients with
well-controlled DM are more likely to exhibit other
healthy behaviors, leading to better control of dyslipid-
emia. Finally, rural residents are more likely to face bar-
riers in accessing healthcare due to limited medical
centers, fewer physicians, and transportation difficulties
than patients living in urban areas [38, 39], which would
lead to poorer control of dyslipidemia. Thus, clinicians
should pay extra attention when managing dyslipidemia
in patients with DM aged < 40 years, residing in rural
areas, not undergoing regular health screening, with
poor hyperglycemic control, no hypertension, lower
BMI, or better self-rated health since they are at higher
risk of poor dyslipidemia control.

Study strengths and limitations
The strength of this study was that it used nationally
representative KNHANES data to objectively estimate
the recent trends in the prevalence and management of
dyslipidemia among adults with DM in Korea. In
addition, various factors that could potentially influence
the control of dyslipidemia were analyzed to provide a
meaningful perspective for better LDL-C control in pa-
tients with DM. However, this study has several limita-
tions. First, due to its cross-sectional nature, longitudinal
follow-up of participants could not be conducted.
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Second, majority of the data used in this study were
based on a self-administered questionnaire. Hence, the
possibility of recall bias and unintentional errors cannot
be ruled out. Third, the control rate of dyslipidemia
among patients with DM could have been partially over-
estimated. The KSoLA guidelines recommend that the
LDL-C goal for patients with DM may be lowered for
patients who have target organ damage or major CVD
risk factor. However, participants with target organ
damage could not be distinguished in this study due to
lack of information in the KNHANES data. However,
the KSoLA guidelines do not mention the specific LDL-
C goal for patients with target organ damage or major
CVD risk factors. Hence, patients with DM with dyslip-
idemia in Korea are generally managed with an LDL-C
goal < 100mg/dL. Other studies based in Korea that
examined LDL-C goal attainment in patients with dys-
lipidemia also used LDL-C goal < 100 mg/dL when
assessing control of dyslipidemia among patients with
DM without CVD [31, 40]. In addition, the control rate
of patients with DM in this study was already poor des-
pite potential overestimation. Thus, it can be considered
that the findings of this study raise potential concerns
about poor dyslipidemia control among patients with
DM in Korea. Lastly, due to the lack of information in
the KNHANES data, the interaction between the patient
and physician, which could also be an important factor
in the control of dyslipidemia, could not be evaluated.

Conclusions
In this nationwide cross-sectional study, majority of pa-
tients with DM were diagnosed with dyslipidemia, but a
large proportion of them were not aware of or remained
untreated for their condition. Therefore, their control of
dyslipidemia was generally suboptimal. Age ≥ 40 years,
urban living, higher BMI, lower HbA1c, hypertension,
poorer self-rated health, and undergoing regular health
screening were independent predictors of optimal dyslip-
idemia control. Thus, more efforts should be made to
encourage patients with DM to undergo treatment and
thereby adequately controlling their dyslipidemia,
especially when managing patients aged < 40 years, with
poor hyperglycemic control, no hypertension, lower
BMI, better self-rated health, residing in rural areas, or
not receiving regular health screening for primary pre-
vention of CVD.

Abbreviations
aOR: Adjusted odds ratio; BMI: Body mass index; BP: Blood pressure;
CI: Confidence interval; CVD: Cardiovascular disease; DM: Diabetes mellitus;
HDL-C: High-density lipoprotein cholesterol; FBS: Fasting blood sugar;
IRB: Institutional review board; KCDC: Korea Centers for Disease Control and
Prevention; KNHANES: Korea National Health and Nutrition Survey;
KSoLA: Korean Society of Lipid and Atherosclerosis; LDL-C: Low-density lipid
cholesterol; NHIS-HEALS: National Health Insurance Service-National Health
Screening Cohort; OR: Odds ratio; TC: Total cholesterol; TG: Triglyceride

Acknowledgements
None.

Authors’ contributions
SJ Kim conceived and designed the study, acquired and analyzed the data,
interpreted the study findings, and drafted the manuscript. OD Kwon
analyzed the data, interpreted the study findings. K Kim supervised and
directed the conduct of the study, and critically reviewed the manuscript.
The authors read and approved the final manuscript.

Funding
None.

Availability of data and materials
The data used in this study was obtained from the KNHANES (Korea National
Health and Nutrition Examination Survey. These data can be download from
the following website: https://knhanes.cdc.go.kr/knhanes/eng/index.do; after
submission and evaluation of an appropriate research protocol.

Declarations

Ethics approval and consent to participate
This study was approved by the Institutional Review Board (IRB) of Seoul St.
Mary’s Hospital, Catholic University of Korea (IRB approval number:
KC20ZASI1041). Written informed consent from the participants was waived.

Consent for publication
Not required.

Competing interests
None declared.

Author details
1Department of Family Medicine, Seoul St. Mary’s Hospital, College of
Medicine, The Catholic University of Korea, Seoul, Republic of Korea.
2International Healthcare Center, Seoul St. Mary’s Hospital, College of
Medicine, The Catholic University of Korea, Seoul, Republic of Korea.
3Republic of Korea Navy 2nd Fleet Medical Corps, Pyeongtaek-si,
Gyeonggi-do, Republic of Korea.

Received: 25 January 2021 Accepted: 16 March 2021

References
1. Mooradian AD. Cardiovascular disease in type 2 diabetes mellitus: current

management guidelines. Arch Intern Med. 2003;163(1):33–40. https://doi.
org/10.1001/archinte.163.1.33.

2. Chehade JM, Gladysz M, Mooradian AD. Dyslipidemia in type 2 diabetes:
prevalence, pathophysiology, and management. Drugs. 2013;73(4):327–39.
https://doi.org/10.1007/s40265-013-0023-5.

3. Almdal T, Scharling H, Jensen JS, Vestergaard H. The independent effect of
type 2 diabetes mellitus on ischemic heart disease, stroke, and death: a
population-based study of 13 000 men and women with 20 years of follow-
up. Arch Intern Med. 2004;164(13):1422–6. https://doi.org/10.1001/archinte.1
64.13.1422.

4. Rawshani A, Rawshani A, Franzén S, Eliasson B, Svensson A-M, Miftaraj M,
McGuire DK, Sattar N, Rosengren A, Gudbjörnsdottir S. Mortality and
cardiovascular disease in type 1 and type 2 diabetes. N Engl J Med. 2017;
376(15):1407–18. https://doi.org/10.1056/NEJMoa1608664.

5. Kannel WB, McGee DL. Diabetes and cardiovascular disease: the
Framingham study. Jama. 1979;241(19):2035–8. https://doi.org/10.1001/ja
ma.1979.03290450033020.

6. Stamler J, Daviglus ML, Garside DB, Dyer AR, Greenland P, Neaton JD.
Relationship of baseline serum cholesterol levels in 3 large cohorts of
younger men to long-term coronary, cardiovascular, and all-cause mortality
and to longevity. Jama. 2000;284(3):311–8. https://doi.org/10.1001/jama.2
84.3.311.

7. Chen Z, Peto R, Collins R, MacMahon S, Lu J, Li W. Serum cholesterol
concentration and coronary heart disease in population with low
cholesterol concentrations. Br Med J. 1991;303(6797):276–82. https://doi.
org/10.1136/bmj.303.6797.276.

Kim et al. Lipids in Health and Disease           (2021) 20:29 Page 9 of 10

https://knhanes.cdc.go.kr/knhanes/eng/index.do
https://doi.org/10.1001/archinte.163.1.33
https://doi.org/10.1001/archinte.163.1.33
https://doi.org/10.1007/s40265-013-0023-5
https://doi.org/10.1001/archinte.164.13.1422
https://doi.org/10.1001/archinte.164.13.1422
https://doi.org/10.1056/NEJMoa1608664
https://doi.org/10.1001/jama.1979.03290450033020
https://doi.org/10.1001/jama.1979.03290450033020
https://doi.org/10.1001/jama.284.3.311
https://doi.org/10.1001/jama.284.3.311
https://doi.org/10.1136/bmj.303.6797.276
https://doi.org/10.1136/bmj.303.6797.276


8. Saydah SH, Fradkin J, Cowie CC. Poor control of risk factors for vascular
disease among adults with previously diagnosed diabetes. Jama. 2004;
291(3):335–42. https://doi.org/10.1001/jama.291.3.335.

9. Arnett DK, Blumenthal RS, Albert MA, Buroker AB, Goldberger ZD, Hahn EJ,
Himmelfarb CD, Khera A, Lloyd-Jones D, McEvoy JW, Michos ED, Miedema MD,
Muñoz D, Smith SC Jr, Virani SS, Williams KA Sr, Yeboah J, Ziaeian B. 2019 ACC/
AHA guideline on the primary prevention of cardiovascular disease: executive
summary: a report of the American College of Cardiology/American Heart
Association task force on clinical practice guidelines. J Am Coll Cardiol. 2019;
74(10):1376–414. https://doi.org/10.1016/j.jacc.2019.03.009.

10. LaRosa JC, He J, Vupputuri S. Effect of statins on risk of coronary disease: a
meta-analysis of randomized controlled trials. Jama. 1999;282(24):2340–6.
https://doi.org/10.1001/jama.282.24.2340.

11. Grundy SM, Stone NJ, Bailey AL, Beam C, Birtcher KK, Blumenthal RS, Braun
LT, de Ferranti S, Faiella-Tommasino J, Forman DE, Goldberg R, Heidenreich
PA, Hlatky MA, Jones DW, Lloyd-Jones D, Lopez-Pajares N, Ndumele CE,
Orringer CE, Peralta CA, Saseen JJ, Smith SC Jr, Sperling L, Virani SS, Yeboah
J. 2018 AHA/ACC/AACVPR/AAPA/ABC/ACPM/ADA/AGS/APhA/ASPC/NLA/
PCNA guideline on the management of blood cholesterol: a report of the
American College of Cardiology/American Heart Association task force on
clinical practice guidelines. J Am Coll Cardiol. 2019;73(24):e285–350. https://
doi.org/10.1016/j.jacc.2018.11.003.

12. Mach F, Baigent C, Catapano AL, Koskinas KC, Casula M, Badimon L,
Chapman MJ, de Backer GG, Delgado V, Ference BA, Graham IM, Halliday A,
Landmesser U, Mihaylova B, Pedersen TR, Riccardi G, Richter DJ, Sabatine
MS, Taskinen MR, Tokgozoglu L, Wiklund O, Windecker S, Aboyans V,
Baigent C, Collet JP, Dean V, Delgado V, Fitzsimons D, Gale CP, Grobbee D,
Halvorsen S, Hindricks G, Iung B, Jüni P, Katus HA, Landmesser U, Leclercq C,
Lettino M, Lewis BS, Merkely B, Mueller C, Petersen S, Petronio AS, Richter
DJ, Roffi M, Shlyakhto E, Simpson IA, Sousa-Uva M, Touyz RM, Nibouche D,
Zelveian PH, Siostrzonek P, Najafov R, van de Borne P, Pojskic B,
Postadzhiyan A, Kypris L, Špinar J, Larsen ML, Eldin HS, Viigimaa M,
Strandberg TE, Ferrières J, Agladze R, Laufs U, Rallidis L, Bajnok L,
Gudjónsson T, Maher V, Henkin Y, Gulizia MM, Mussagaliyeva A, Bajraktari G,
Kerimkulova A, Latkovskis G, Hamoui O, Slapikas R, Visser L, Dingli P, Ivanov
V, Boskovic A, Nazzi M, Visseren F, Mitevska I, Retterstøl K, Jankowski P,
Fontes-Carvalho R, Gaita D, Ezhov M, Foscoli M, Giga V, Pella D, Fras Z, Perez
de Isla L, Hagström E, Lehmann R, Abid L, Ozdogan O, Mitchenko O, Patel
RS. 2019 ESC/EAS guidelines for the management of dyslipidaemias: lipid
modification to reduce cardiovascular risk. Atherosclerosis. 2019;290:140–
205. https://doi.org/10.1016/j.atherosclerosis.2019.08.014.

13. Rhee E-J, Kim HC, Kim JH, Lee EY, Kim BJ, Kim EM, Song YJ, Lim JH, Kim HJ,
Choi S, Moon MK, Na JO, Park KY, Oh MS, Han SY, Noh J, Yi KH, Lee SH,
Hong SC, Jeong IK, On behalf of the Committee of Clinical Practice
Guideline of Korean Society of Lipid and Atherosclerosis. 2018 guidelines for
the management of dyslipidemia in Korea. J Lipid Atheroscleros. 2019;8(2):
78–131. https://doi.org/10.12997/jla.2019.8.2.78.

14. National Institutes of Health. ATP III guidelines at-a-glance quick desk
reference. NIH publication. 2001:01-3305. https://www.nhlbi.nih.gov/files/
docs/guidelines/atglance.pdf.

15. Casagrande SS, Fradkin JE, Saydah SH, Rust KF, Cowie CC. The prevalence of
meeting A1C, blood pressure, and LDL goals among people with diabetes,
1988–2010. Diabetes Care. 2013;36(8):2271–9. https://doi.org/10.2337/dc12-2258.

16. Parris ES, Lawrence DB, Mohn LA, Long LB. Adherence to statin therapy and
LDL cholesterol goal attainment by patients with diabetes and dyslipidemia.
Diabetes Care. 2005;28(3):595–9. https://doi.org/10.2337/diacare.28.3.595.

17. Breuker C, Clement F, Mura T, Macioce V, Castet-Nicolas A, Audurier Y, Boegner
C, Morcrette E, Jalabert A, Villiet M, Avignon A, Sultan A. Non-achievement of
LDL-cholesterol targets in patients with diabetes at very-high cardiovascular
risk receiving statin treatment: incidence and risk factors. Int J Cardiol. 2018;268:
195–9. https://doi.org/10.1016/j.ijcard.2018.04.068.

18. Pan L, Yang Z, Wu Y, Yin R-X, Liao Y, Wang J, Gao B, Zhang L, China
National Survey of Chronic Kidney Disease Working Group. The
prevalence, awareness, treatment and control of dyslipidemia among
adults in China. Atherosclerosis. 2016;248:2–9. https://doi.org/10.1016/j.a
therosclerosis.2016.02.006.

19. McDonald M, Hertz RP, Unger AN, Lustik MB. Prevalence, awareness, and
management of hypertension, dyslipidemia, and diabetes among United
States adults aged 65 and older. J Gerontol Series A. 2009;64(2):256–63.

20. Lee Y, Lee SG, Lee MH, Kim JH, Lee BW, Kang ES, Lee HC, Cha BS. Serum
cholesterol concentration and prevalence, awareness, treatment, and control

of high low-density lipoprotein cholesterol in the Korea National Health and
nutrition examination surveys 2008–2010: beyond the tip of the iceberg. J Am
Heart Assoc. 2014;3(1):e000650. https://doi.org/10.1161/JAHA.113.000650.

21. Zhang F-L, Xing Y-Q, Wu Y-H, Liu H-Y, Luo Y, Sun M-S, Guo ZN, Yang Y. The
prevalence, awareness, treatment, and control of dyslipidemia in Northeast
China: a population-based cross-sectional survey. Lipids Health Dis. 2017;
16(1):61. https://doi.org/10.1186/s12944-017-0453-2.

22. Kweon S, Kim Y. Jang M-j, Kim Y, Kim K, Choi S, et al. data resource profile:
the Korea national health and nutrition examination survey (KNHANES). Int J
Epidemiol. 2014;43(1):69–77. https://doi.org/10.1093/ije/dyt228.

23. Kang S-H, Kim S-H, Cho JH, Yoon C-H, Hwang S-S, Lee H-Y, et al. Prevalence,
awareness, treatment, and control of hypertension in Korea. Sci Rep. 2019;9(1):1–8.

24. Kim Y. The Korea National Health and nutrition examination survey (KNHA
NES): current status and challenges. Epidemiol Health. 2014;36. https://doi.
org/10.4178/epih/e2014002.

25. Oh SW. Obesity and metabolic syndrome in Korea. Diabetes Metab J. 2011;
35(6):561–6. https://doi.org/10.4093/dmj.2011.35.6.561.

26. Piercy KL, Troiano RP, Ballard RM, Carlson SA, Fulton JE, Galuska DA, George
SM, Olson RD. The physical activity guidelines for Americans. Jama. 2018;
320(19):2020–8. https://doi.org/10.1001/jama.2018.14854.

27. Shin S, Wook Shin D, Young Cho I, Jeong S-M, Jung H. Status of
dyslipidemia management and statin undertreatment in Korean cancer
survivors: a Korean National Health and nutrition examination survey study.
Eur J Prev Cardiol. 2020;2047487320905722.

28. Narindrarangkura P, Bosl W, Rangsin R, Hatthachote P. Prevalence of
dyslipidemia associated with complications in diabetic patients: a
nationwide study in Thailand. Lipids Health Dis. 2019;18(1):90. https://doi.
org/10.1186/s12944-019-1034-3.

29. Jacobs MJ, Kleisli T, Pio JR, Malik S, Gilbert J, Chen RS, et al. Prevalence and
control of dyslipidemia among persons with diabetes in the United States.
Diabetes Res Clin Pract. 2005;70(3):263–9. https://doi.org/10.1016/j.diabres.2
005.03.032.

30. Cicero AF, Fogacci F, Tocci G, Ventura F, Presta V, Grandi E, et al. Awareness
of major cardiovascular risk factors and its relationship with markers of
vascular aging: data from the Brisighella heart study. Nutr Metab Cardiovasc
Dis. 2020;30(6):907–14. https://doi.org/10.1016/j.numecd.2020.03.005.

31. Yang YS, Yang BR, Kim M-S, Hwang Y, Choi SH. Low-density lipoprotein
cholesterol goal attainment rates in high-risk patients with cardiovascular
diseases and diabetes mellitus in Korea: a retrospective cohort study. Lipids
Health Dis. 2020;19(1):5. https://doi.org/10.1186/s12944-019-1158-5.

32. Jeong J-S, Kwon H-S. Prevalence and clinical characteristics of dyslipidemia in
Koreans. Endocrinol Metab. 2017;32(1):30–5. https://doi.org/10.3803/EnM.201
7.32.1.30.

33. Jeong SM, Choi S, Kim K, Kim SM, Lee G, Park SY, et al. Effect of change in
total cholesterol levels on cardiovascular disease among young adults. J Am
Heart Assoc. 2018;7(12):e008819.

34. Rosenstock IM, Strecher VJ, Becker MH. Social learning theory and the
health belief model. Health Educ Q. 1988;15(2):175–83. https://doi.org/10.11
77/109019818801500203.

35. Rosenstock IM. Why people use health services. Milbank Q. 2005;83(4):1.
36. Zhang W, Ji F, Yu X, Wang X. Factors associated with unattained LDL-

cholesterol goals in Chinese patients with acute coronary syndrome one
year after percutaneous coronary intervention. Medicine. 2017;96:1.

37. Ho PM, Bryson CL, Rumsfeld JS. Medication adherence: its importance in
cardiovascular outcomes. Circulation. 2009;119(23):3028–35. https://doi.org/1
0.1161/CIRCULATIONAHA.108.768986.

38. Murphy GK, McAlister FA, Weir DL, Tjosvold L, Eurich DT. Cardiovascular
medication utilization and adherence among adults living in rural and
urban areas: a systematic review and meta-analysis. BMC Public Health.
2014;14(1):1–9.

39. Goins RT, Williams KA, Carter MW, Spencer SM, Solovieva T. Perceived barriers
to health care access among rural older adults: a qualitative study. J Rural
Health. 2005;21(3):206–13. https://doi.org/10.1111/j.1748-0361.2005.tb00084.x.

40. Kim S, Han S, Rane PP, Qian Y, Zhao Z, Suh HS. Achievement of the low-density
lipoprotein cholesterol goal among patients with dyslipidemia in South Korea.
PLoS One. 2020;15(1):e0228472. https://doi.org/10.1371/journal.pone.0228472.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Kim et al. Lipids in Health and Disease           (2021) 20:29 Page 10 of 10

https://doi.org/10.1001/jama.291.3.335
https://doi.org/10.1016/j.jacc.2019.03.009
https://doi.org/10.1001/jama.282.24.2340
https://doi.org/10.1016/j.jacc.2018.11.003
https://doi.org/10.1016/j.jacc.2018.11.003
https://doi.org/10.1016/j.atherosclerosis.2019.08.014
https://doi.org/10.12997/jla.2019.8.2.78
https://www.nhlbi.nih.gov/files/docs/guidelines/atglance.pdf
https://www.nhlbi.nih.gov/files/docs/guidelines/atglance.pdf
https://doi.org/10.2337/dc12-2258
https://doi.org/10.2337/diacare.28.3.595
https://doi.org/10.1016/j.ijcard.2018.04.068
https://doi.org/10.1016/j.atherosclerosis.2016.02.006
https://doi.org/10.1016/j.atherosclerosis.2016.02.006
https://doi.org/10.1161/JAHA.113.000650
https://doi.org/10.1186/s12944-017-0453-2
https://doi.org/10.1093/ije/dyt228
https://doi.org/10.4178/epih/e2014002
https://doi.org/10.4178/epih/e2014002
https://doi.org/10.4093/dmj.2011.35.6.561
https://doi.org/10.1001/jama.2018.14854
https://doi.org/10.1186/s12944-019-1034-3
https://doi.org/10.1186/s12944-019-1034-3
https://doi.org/10.1016/j.diabres.2005.03.032
https://doi.org/10.1016/j.diabres.2005.03.032
https://doi.org/10.1016/j.numecd.2020.03.005
https://doi.org/10.1186/s12944-019-1158-5
https://doi.org/10.3803/EnM.2017.32.1.30
https://doi.org/10.3803/EnM.2017.32.1.30
https://doi.org/10.1177/109019818801500203
https://doi.org/10.1177/109019818801500203
https://doi.org/10.1161/CIRCULATIONAHA.108.768986
https://doi.org/10.1161/CIRCULATIONAHA.108.768986
https://doi.org/10.1111/j.1748-0361.2005.tb00084.x
https://doi.org/10.1371/journal.pone.0228472

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Data source and study population
	Definitions of study variables
	Anthropometric and biochemical measurements
	Predictors of optimal control of dyslipidemia
	Statistical analysis

	Results
	Baseline characteristics
	Prevalence, awareness, treatment, and control rates of dyslipidemia among patients with DM
	Factors associated with optimal control of dyslipidemia among patients with DM

	Discussion
	Study strengths and limitations

	Conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

