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Cholesterol levels and development 
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2 diabetes mellitus and without pre-existing 
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Abstract 

Background: The aim of the present study was to identify a threshold for the cholesterol level at which the risk of 
cardiovascular disease (CVD) begins to increase in people with type 2 diabetes mellitus (DM).

Methods: Using the Korean National Health Insurance Service database, 2,077,135 people aged ≥ 40 years with type 
2 DM who underwent regular health checks between 2009 and 2012 were included. Subjects with previous CVD 
were excluded. Cox regression analyses were performed to estimate the risk of CVD for each low‑density lipoprotein 
cholesterol (LDL‑C) group using the < 70 mg/dL as the reference group.

Results: There were 78,560 cases of stroke (3.91%), and 50,791 myocardial infarction (MI, 2.53%) during a median 
follow‑up of 7.1 years. Among participants not taking statins, LDL‑C levels of 130–159 mg/dL and ≥ 160 mg/dL were 
significantly associated with the risk of MI: the hazard ratios (HRs) (95% confidence interval) were 1.19 (1.14–1.25) and 
1.53 (1.46–1.62), respectively. Among participants taking statins, all categories of LDL‑C level ≥ 70 mg/dL were signifi‑
cantly associated with increased risk of stroke and MI.

Conclusions: We identified an increased risk of CVD in people with an LDL‑C level ≥ 130 mg/dL among individu‑
als with type 2 DM not taking statins. The risk of CVD was significantly higher in those taking statins with an LDL‑C 
level ≥ 70 mg/dL.
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Background
Current evidence indicates that dyslipidemia is a strong 
predictor of cardiovascular disease (CVD). Lowering 
low-density lipoprotein cholesterol (LDL-C) level with 
statin therapy reduces incidence of major CVD [1–5]. In 
the recent guidelines, the cholesterol targets are based 
on several primary and secondary prevention statin tri-
als that have shown improved outcomes with more inten-
sive LDL-C lowering [1–3]. However, none of these trials 

used specific LDL-C targets to trigger adjustments in the 
medication dose, and LDL-C targets are usually extrapo-
lated from these trials. The usefulness of the treat-to-
target approach is controversial because of insufficient 
evidence. Recently, the standard versus intEnsive statin 
therapy for hypercholesteroleMic Patients with diAbetic 
retinopaTHY (EMPATHY) study demonstrated that, in 
patients with diabetic retinopathy, intensive statin ther-
apy to achieve an LDL-C level < 70 mg/dL did not reduce 
incidence of the cardiovascular events compared with 
standard therapy to achieve levels of ≥ 100 and < 120 mg/
dL [6].

Primary prevention research focuses on the thresh-
olds for initiating treatment of modifiable risk factors 
and the optimal goals of risk factor modification. There 
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is insufficient information available about the optimal 
cholesterol targets for preventing CVD development in 
people with type 2 diabetes mellitus (DM) [1–4]. We ana-
lyzed data from the Korean National Health Insurance 
System database (NHIS DB) and investigated the rela-
tionship between high cholesterol level and the onset of 
CVD in people with type 2 DM. Because the NHIS DB 
represents the entire Korean population, it has been used 
in a number of population-based nationwide studies of 
type 2 DM in Korea [7–12]. We classified the population 
into statin users and non-users, and we tried to identify 
a threshold for the cholesterol level at which the risk of 
CVD begins to increase in people with type 2 DM in each 
group.

Methods
Data sources
The National Health Insurance Service (NHIS) in the 
Republic of Korea covers about 97% of the Korean pop-
ulation and provides biennial health screening exami-
nations, called the National Health Screening Program 
(NHSP) to all enrollees aged 40  years and older [7–12]. 
The NHIS includes an eligibility database (age, sex, soci-
oeconomic variables, type of eligibility, etc.); a medical 
treatment database (based on the accounts submitted by 
medical service providers for medical expenses); a health 
examination database (results of general health exami-
nations and questionnaires on lifestyle and behavior); a 
medical care institution database (types of medical care 
institutions, location, equipment, and number of physi-
cians); and death information. The dates of death were 
obtained from the eligibility database, which was pre-
pared by Statistics Korea [7–12].

Study population
From January 1, 2009 to December 31, 2012, a total of 
2,522,388 people aged ≥ 40 years with type 2 DM under-
went a health examination. Among these, we selected 
participants who had been diagnosed as having type 2 
DM. Patients were classified as having type 2 DM [7, 10]; 
(1) when they had at least one service claim with a diag-
nosis of type 2 DM based on ICD-10 (E11–14) in the out-
patient or inpatient setting and were prescribed at least 
one antidiabetic drug at any time over 1 year to exclude 
prediabetic or non-diabetic individuals or (2) when they 
showed fasting plasma glucose 126 mg/dL during health 
examinations (newly diagnosed diabetes). For example, 
among those who had undergone a health examination 
in 2009, we selected participants who had at least one 
service claim with a diagnosis of type 2 DM based on 
ICD-10 (E11–14) and who were prescribed at least one 
antidiabetic drug at any time in 2009. The same crite-
ria were used for 2010, 2011 and 2012, and we excluded 

duplicate individuals who underwent multiple health 
examinations in consecutive years. The index year was 
2009–2012. We excluded 72,891 people with missing 
data for at least one variable. Ultimately, the study popu-
lation was 2,209,704 people (Additional file 1: Figure S1). 
Because of the established association of cancer with low 
serum total cholesterol level, we excluded those with a 
history of cancer (n = 80,679). To avoid confounding by 
preexisting diseases and to minimize the possible effects 
of reverse causality, we also excluded those with a history 
of myocardial infarction (MI) or stroke (n = 291,683), as 
indicated by their medical treatment and health examina-
tion data before the index year. This study was approved 
by the Institutional Review Board of The Catholic Uni-
versity of Korea (No. SC18ZES10009). Anonymized and 
de-identified information was used for analyses and, 
therefore, informed consent was not obtained.

Covariates were based on the data from the index year 
and included age, sex, socioeconomic status (income 
level), body mass index (BMI; kg/m2), current smoking 
status, alcohol consumption, physical activity (no, yes), 
and systolic/diastolic blood pressure (mmHg). Blood 
samples for the measurement of serum glucose, creati-
nine, and lipid levels were drawn after an overnight fast. 
Blood samples for the measurement of total cholesterol, 
high-density cholesterol (HDL-C), and triglyceride (TG) 
levels were obtained at the health examination after the 
participant had fasted for at least 8 h. LDL-C levels were 
calculated from the Friedewald formula: LDL-C = total 
cholesterol − HDL-C − (TG/5). We excluded those with a 
TG level > 400 mg/dL (n = 71,935) in the analysis of LDL-
C. In the analysis of non-HDL-C levels, we included all 
participants regardless of their TG level.

Regular exercise was defined as performing more than 
30  min of moderate physical activity at least five times 
per week or more than 20  min of strenuous physical 
activity at least three times per week. Income level was 
dichotomized at the lowest 25%. We defined a statin 
user as a person who had been prescribed statins during 
2009–2012.

Study outcomes and follow‑up
The end points of the study were newly diagnosed MI or 
stroke. MI was defined as hospitalization with ICD-10 
MI diagnostic codes of I21 or I22. Stroke was defined as 
the recording of ICD-10 codes I63 or I64 during hospital-
ization with claims for brain magnetic resonance imag-
ing or brain computed tomography. The study population 
was followed from baseline to the date of a cardiovascu-
lar event, or the time of the participant’s disqualification 
from receiving health services due to death or emigra-
tion, or until the end of the study period (December 31, 
2017).
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Statistical analysis
Baseline characteristics are presented as the mean ± SD 
or n (%). Participants were divided into the following cat-
egories according to LDL-C level: < 70 mg/dL, 70–99 mg/
dL, 100–129  mg/dL, 130–159  mg/dL, and ≥ 160  mg/
dL. Participants were also divided into the following 
categories according to non-HDL-C level: < 100  mg/
dL, 100–129  mg/dL, 130–159  mg/dL, 160–189  mg/dL, 
and ≥ 190  mg/dL. The incidence rate of primary out-
comes was calculated by dividing the number of inci-
dent cases by the total follow-up duration (person-years). 
Cox regression analyses were performed to estimate the 
risk of CVD for each LDL-C group using the < 70  mg/
dL group as the reference group and for each non-HDL-
C group using < 100  mg/dL as the reference group. The 
American Association of Clinical Endocrinologists 
identified an additional “extreme high-risk” category 
for which very aggressive LDL-C lowering is recom-
mended (< 55  mg/dL) [3]. We therefore performed an 
addition Cox regression analyses using the < 55  mg/dL 
group as the reference group. Participants were then 
classified into the following categories according to 
LDL-C level: < 55  mg/dL, 55–69  mg/dL, 70–99  mg/dL, 
100–129  mg/dL, 130–159  mg/dL, and ≥ 160  mg/dL. To 
consolidate our findings, we analyzed the associations 
between lipid levels and CVDs using quintiles of LDL-C 
and non-HDL-C. A multivariable-adjusted proportional 
hazards model was applied that was adjusted for age, sex, 
BMI, smoking, alcohol consumption, regular exercise, 
household income, use of statins, fasting glucose levels, 
hypertension, and duration of diabetes. Sensitivity analy-
ses excluding subjects with end points occurring within 
2  year of follow-up were also performed. The potential 
effect modification by age and sex was evaluated through 
the stratified analysis and interaction testing using a 
likelihood ratio test. Statistical analyses were performed 
using SAS version 9.4 (SAS Institute Inc., Cary, NC, 
USA), and a P value < 0.05 was considered to indicate 
significance.

Results
Baseline characteristics
In the cohort of 2,077,135 participants, the mean age 
was 58.3 ± 10.5  years, and 1,176,109 participants 
(56.6%) were men. The cohort mean lipid profiles 
are shown in Additional file  1: Table  S1. The mean 
LDL-C and non-HDL-C levels were 113.4 ± 10.5 and 
146.3 ± 40.5  mg/dL, respectively. The characteristics 
of the participants grouped according to LDL-C cate-
gory are listed in Table 1. Patients in the higher LDL-C 
categories were more likely to be female and to have a 
higher fasting glucose level. Patients with a low LDL-C 

level were more likely to be male, to be current smok-
ers, to be frequent heavy drinkers, and to receive statin 
medications. The baseline characteristics according to 
statin use are presented in Additional file  1: Table  S2. 
Statin users were older, more female, and had a lower 
eGFR and a higher TG level. Statin users had a longer 
duration of diabetes, were more likely to have hyper-
tension and to receive aspirin.

LDL‑C level and risk of CVD
During a mean 7.1 ± 1.5  years of follow-up, there were 
78,560 cases of stroke (3.91%) and 50,791 cases of MI 
(2.53%). Thirty-two percent of the participants were 
taking statins. Because statin therapy can affect serum 
cholesterol levels and outcome incidence, additional 
analyses were performed by classifying the participants 
into statin user and non-user groups. Among diabetic 
participants not taking statins, an LDL-C level ≥ 130 mg/
dL was associated with a significantly increased risk of 
MI and stroke compared with an LDL-C level < 70  mg/
dL (Table  2). Using an LDL-C level < 55  mg/dL as the 
reference, an LDL-C level ≥ 130  mg/dL was associated 
with a significantly increased risk of MI, and an LDL-C 
level ≥ 160 mg/dL was associated with an increased risk 
of stroke (Fig. 1a).

The risk of MI and stroke increased among diabetic 
people with type 2 DM having an on-treatment LDL-C 
level ≥ 70  mg/dL (Table  2). The multivariable-adjusted 
hazard ratios (HRs) for MI and stroke increased lin-
early from an LDL-C level ≥ 70  mg/dL. LDL-C levels 
70–99 mg/dL and 100–129 mg/dL were associated with a 
significant increase in the incidence of MI; the HRs were 
1.07 (95% confidence interval [CI] 1.03–1.12, P < 0.001) 
and 1.26 (95% CI 1.20–1.32, P < 0.001), respectively, 
compared with an LDL-C level < 70 mg/dL. In the anal-
ysis with LDL-C < 55 mg/dL as the reference, an LDL-C 
level 55–69 mg/dL was not associated with an increased 
risk of CVD, but an LDL-C level ≥ 70 mg/dL was associ-
ated with a significant increase in the incidence of CVD 
(Fig. 1b).

Participants were classified into five groups according 
to LDL-C quintile (Additional file 1: Table S3). The risk of 
MI among diabetic people not taking statins significantly 
increased in the fourth quintile (LDL-C: 121–142  mg/
dL; HR: 1.13, 95% CI 1.09–1.17) and fifth quintile (LDL-
C: ≥ 143  mg/dL; HR: 1.41, 95% CI 1.36–1.47) compared 
with the first quintile of LDL-C level (< 81  mg/dL). By 
contrast, the risk of stroke increased only in the fifth 
quintile (LDL-C: ≥ 143  mg/dL; HR: 1.17, 95% CI 1.14–
1.21). The risk of MI or stroke among diabetic patients 
receiving statin therapy increased linearly from the sec-
ond quintile of LDL-C (82–102 mg/dL).
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Non‑HDL‑C level and risk of CVD
Among participants not taking statins, the non-
HDL-C categories 130–159  mg/dL, 160–189  mg/dL, 
and ≥ 190 mg/dL continued to be significantly associated 
with the risk of MI; the HRs (95% CI) were 1.07 (1.02–
1.12), 1.26 (1.20–1.31), and 1.64 (1.57–1.72), respectively 
(Table  3). The non-HDL-C category ≥ 160  mg/dL was 
significantly associated with an increased risk of stroke in 
multivariable models. Among participants taking statins, 
all categories of non-HDL-C ≥ 100  mg/dL were signifi-
cantly associated with an increased risk of stroke and MI. 
Similar results were obtained when classifying the partic-
ipants into five groups according to non-HDL-C quintiles 
(Additional file 1: Table S4).

Risk of CVD according to LDL‑C category in subgroups 
according to age and sex
Next, the associations between LDL-C level and inci-
dent CVD were examined in subgroups of the study 
participants. The interaction between LDL-C level and 
age in the development of MI was significant (P for 
interaction < 0.001). The association between LDL-C 
level and MI risk was stronger in younger than in older 

participants. Among diabetic participants not taking 
statins, an LDL-C level ≥ 130 mg/dL was associated with 
a significantly increased risk of MI and stroke in both 
young and old populations. The interaction between 
LDL-C level and sex in the development of MI was also 
significant (P for interaction < 0.005). The association 
between LDL-C level and MI/stroke risk was stronger 
in men than in women Additional file  1: Table  S5). 
Among diabetic women not taking statins, an LDL-C 
level ≥ 160  mg/dL was associated with a significantly 
increased risk of MI. In men, the risk of MI began to 
increase at LDL-C ≥ 100 mg/dL.

To account for the possibility of reverse causation, a 
sensitivity analysis was performed by excluding partici-
pants with the occurrence of end points within 2  years 
of follow-up. The results were similar to those of the 
original analysis (Table 4). The pooled outcome analysis 
showed similar results to those previously analyzed sepa-
rately for MI or stroke (Additional file 1: Table S6).

Discussion
In this large population-based prospective study of Kore-
ans with type 2 DM, significant positive associations 
were observed between an increased risk of CVD and 

Table 1 Baseline characteristics of subjects according to the low-density lipoprotein cholesterol (LDL-C) levels

Data are expressed as the mean ± SD, median (25–75%), or n (%)

BP, blood pressure; eGFR, estimated glomerular filtration rate; HDL, high-density lipoprotein; LDL, low-density lipoprotein; TC, total cholesterol; TG, triglyceride

P-values for the trend were < 0.0001 for all variables because of the large size of the study population

LDL‑C1
< 70 mg/dL

LDL‑C2
70–99

LDL‑C3
100–129

LDL‑C4
130–159

LDL‑C5
≥ 160 mg/dL

N 224,131 522,912 630,875 409,247 218,035

Baseline LDL‑C (mg/dL) 55.1 ± 11.9 85.9 ± 8.5 114.2 ± 8.6 142.7 ± 8.5 182.1 ± 21.3

Age (years) 59.1 ± 10.3 58.9 ± 10.5 58.3 ± 10.6 57.9 ± 10.6 57.8 ± 10.4

Sex (male) 149,064 (66.5) 323,164 (61.8) 378,583 (60.0) 224,922 (55.0) 100,376 (46.0)

Body mass index (kg/m2) 24.8 ± 3.3 24.9 ± 3.3 25.0 ± 3.3 25.2 ± 3.2 25.3 ± 3.2

Systolic BP (mmHg) 128.7 ± 15.6 128.5 ± 15.5 128.9 ± 15.6 129.4 ± 15.7 130.1 ± 16.1

Diastolic BP (mmHg) 78.5 ± 10.1 78.5 ± 10.1 79.0 ± 10.0 79.5 ± 10.1 80.0 ± 10.2

Fasting glucose (mg/dL) 139.1 ± 42.5 140.1 ± 41.6 143.5 ± 41.9 146.9 ± 43.1 151.5 ± 46.4

eGFR (mL/min/1.73 m2) 85.9 ± 36.2 85.6 ± 35.5 85.5 ± 34.5 85.1 ± 34.3 84.3 ± 33.8

Baseline TC (mg/dL) 142.1 ± 22.5 168.4 ± 20.1 196.2 ± 19.1 225.3 ± 18.7 266.8 ± 27.9

Baseline HDL‑C (mg/dL) 51.7 ± 15.7 51.3 ± 13.6 51.4 ± 12.8 51.8 ± 12.4 53.0 ± 12.4

Baseline TG (mg/dL) 150.5 (150.1–150.8) 136.7 (136.5–136.9) 136.9 (136.7–137.0) 140.0 (139.8–140.2) 146.1 (145.8–146.4)

Current smoker 64,610 (28.8) 132,128 (25.3) 154,612 (24.5) 95,907 (23.4) 46,259 (21.2)

Alcohol drinking 27,933 (12.5) 48,397 (9.3) 51,235 (8.1) 28,894 (7.1) 12,738 (5.8)

Regular exercise 109,775 (49.0) 256,835 (49.1) 307,824 (48.8) 195,661 (47.8) 98,948 (45.4)

Income (lower 25%) 51,468 (23.0) 117,938 (22.6) 142,292 (22.6) 92,628(22.6) 50,908(23.4)

Hypertension 145,727 (65.0) 311,176 (59.5) 346,790 (55.0) 215,537(52.7) 113,059(51.9)

On statin treatment 123,580(55.1) 199,393 (38.1) 144,862 (23.0) 95,709(23.4) 81,496(37.4)

Duration of diabetes (years) 9.2 ± 5.5 8.6 ± 5.7 7.7 ± 5.8 7.1 ± 5.7 6.5 ± 5.4

Use of aspirin 117,987 (52.6) 245,124 (46.9) 254,625 (40.4) 149,627(36.6) 75,142(34.5)
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high LDL-C and non-HDL-C levels. We identified an 
increased risk of CVD with an LDL-C level ≥ 130 mg dL 
in patients with type 2 DM who were not taking statins. 
The risk of CVD was significantly increased in the statin-
treated participants with an LDL-C level ≥ 70 mg/dL.

It is clear that people with low cholesterol levels gain 
less absolute benefit from cholesterol-lowering therapy 
than do people with high cholesterol levels [13]. For the 
present study population, the mean LDL-C and non-
HDL cholesterol levels at baseline were 113  mg/dL and 
146 mg/dL, respectively. Previous studies involving par-
ticipants with higher mean LDL-C levels showed an asso-
ciation with the risk of coronary heart disease (CHD) for 
those in the higher LDL-C ranges. These studies include 
the Framingham study, in which the mean LDL-C lev-
els at baseline were 139 mg/dL for men and 138 mg/dL 
for women [14]. In a cholesterol-lowering clinical trial 
of intermediate-risk patients (Heart Outcomes Preven-
tion Evaluation-3 [HOPE-3]), the pretreatment LDL-C 
level was 129 mg/dL [15]. The goals and starting points 
of cholesterol treatment may be different in these low-
cholesterol population. However, indication for starting 
statin therapy should also be related to the progression 
of atherosclerosis or clinical event regardless on a level of 
baseline cholesterol [16–18]. For the prediction of MI or 
stroke, the area under the curve of LDL-C alone was low 
(data not shown), suggesting that including other poten-
tial risk factors such as smoking, BP, or family history 
of premature vascular disease to the risk model would 

be beneficial for a better risk prediction of CVD rather 
than LDL-C alone [18, 19]. Statins might be employed in 
patients without CVD but with elevated cholesterol and/
or multiple atherosclerotic risk factors. In this study, we 
aimed to determine the level of “elevated cholesterol” in 
which statin therapy should be started in patients without 
CVD. This study suggested that statin therapy should be 
considered when LDL-C was above 130  mg/dL, regard-
less of CVD risk factors in diabetic patients without 
CVD. In this study, previous use of statin was depend-
ent on the clinical judgement of the physicians. Statin 
users tended to have other cardiovascular risk factors, 
including hypertension and longer diabetes duration. 
According to the European Society of Cardiology guide-
lines [20], diabetic patients at high risk should be inten-
sively treated with statin therapy with an LDL-C goal 
of < 70 mg/dl. Our results are consistent with the recom-
mendation; The risk of MI and stroke increased among 
diabetic people with type 2 DM having an on-treatment 
LDL-C level ≥ 70 mg/dL.

A previous Japanese population-based cohort study 
showed a nonlinear association. The multivariable HR for 
CHD was 1.68-times higher for people with an LDL-C 
level 126–150  mg/dL compared with men and women 
whose level was ≤ 102  mg/dL, and the risk plateaued 
at < 125  mg/dL [21]. Another Japanese cohort study 
showed that the mean LDL-C levels were 110.5  mg/
dL for men [13]. In that study, men with an LDL-C 
level ≥ 140  mg/dL had twofold higher age-adjusted risk 

Table 2 Risk of  myocardial infarction and  stroke in  patients with  type 2 diabetes mellitus according to  low-density 
lipoprotein cholesterol (LDL-C) category

HR, hazard ratio; CI, confidence interval

* Adjusted for age, sex, BMI, smoking, alcohol drinking, exercise, income status, use of statins, fasting glucose levels, hypertension, and duration of diabetes

Total Statin non‑user Statin user

Events (n) Incidence 
rate (per 1000 
person‑years)

HR (95% CI)* Events (n) Incidence 
rate (per 1000 
person‑years)

HR (95% CI)* Events (n) Incidence 
rate (per 1000 
person‑years)

HR (95% CI)*

Myocardial infarction

 < 70 5342 3.50 1 (ref.) 2330 3.44 1 (ref.) 3012 3.55 1 (ref.)

 70–99 12,274 3.41 1.02 (0.99, 1.06) 7152 3.22 0.95 (0.91, 1.00) 5122 3.71 1.07 (1.03, 1.12)

 100–129 15,366 3.52 1.12 (1.09, 1.16) 11,122 3.31 1.02 (0.97, 1.07) 4244 4.22 1.26 (1.20, 1.32)

 130–159 10,981 3.88 1.29 (1.25, 1.34) 7985 3.69 1.19 (1.14, 1.25) 2996 4.51 1.39 (1.32, 1.46)

 ≥ 160 6828 4.56 1.56 (1.51, 1.62) 4228 4.53 1.53 (1.46, 1.62) 2600 4.60 1.49 (1.41, 1.57)

 P for trend < 0.0001 < 0.0001 < 0.0001

Stroke

 < 70 8527 5.63 1 (ref.) 4077 6.07 1 (ref.) 4450 5.27 1 (ref.)

 70–99 19,873 5.56 1.03 (1.00, 1.05) 12,387 5.62 0.96 (0.93, 1.00) 7486 5.46 1.07 (1.03, 1.11)

 100–129 24,759 5.72 1.11 (1.08, 1.14) 18,611 5.59 1.01 (0.97, 1.04) 6148 6.16 1.25 (1.20, 1.30)

 130–159 16,354 5.82 1.19 (1.15, 1.22) 12,211 5.68 1.08 (1.04, 1.12) 4143 6.27 1.31 (1.26, 1.37)

 ≥ 160 9047 6.07 1.30 (1.26, 1.34) 5655 6.09 1.21 (1.17, 1.26) 3392 6.04 1.33 (1.27, 1.40)

 P for trend < 0.0001 < 0.0001 < 0.0001
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of mortality for CHD than did those with an LDL-C 
level < 80  mg/dL [13]. In Chinese patients with type 2 
DM without a history of CVD and no lipid-modify-
ing drug use, the HR for CVD increased sharply when 

the LDL-C level was > 116  mg/dL [22]. We observed a 
graded positive trend for MI risk starting from an LDL-C 
level of 130  mg/dL, which increased for the higher 
LDL-C categories among people with type 2 DM who 

Fig. 1 Sensitivity analyses of association between the LDL‑C and myocardial infarction, and stroke stratified by statin non‑user (a) and statin user 
(b); The LDL < 55 mg/dL group was taken as the reference category for the model. Participants were divided into the following categories of LDL‑C 
levels: < 55 mg/dL (reference), 55 to 69 mg/dL, 70 to 99 mg/dL, 100 to 129 mg/dL, 130 to 159 mg/dL, and ≥ 160 mg/dL. Hazard ratios and 95% 
confidence intervals of myocardial infarction, and stroke according to the low‑density lipoprotein cholesterol levels. Adjusted for age, sex, body 
mass index, alcohol drinking, smoking, regular exercise, income status, fasting glucose levels, hypertension, and duration of diabetes
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were not taking statins. Our data suggests that statin 
therapy might be considered for people whose LDL-C 
level remains ≥ 130  mg/dL after appropriate lifestyle 
modifications.

In the present study, an association between non-
HDL-C level and MI risk was seen at a lower level of 
non-HDL-C than for the corresponding LDL-C level. In 
a recent study of relatively low-risk people without a his-
tory of atherosclerotic CVD (ASCVD) or DM at baseline, 
the association between LDL-C (or non-HDL-C) lev-
els and ASCVD mortality was evaluated over a median 
follow-up of 27  years [23]. Compared with participants 
with an LDL-C level < 100 mg/dL, those with an LDL-C 
level ≥ 160 mg/dL had an increased risk for CVD mortal-
ity. In that study, a non-HDL-C level ≥ 160  mg/dL was 
significantly associated with CVD death compared with 
a non-HDL-C level < 130  mg/dL [23]; our findings are 
consistent with the results of that study. We also found 
that, among diabetic people not taking statins, LDL-C 
and non-HDL-C levels ≥ 130 mg/dL were independently 
associated with a significant increase in the incidence of 
MI. The non-HDL-C level captures the risk associated 
with both cholesterol-rich lipoproteins and TG-rich rem-
nant lipoproteins [24]. We note that all recent outcomes 
trials of proprotein convertase subtilisin/kexin type 9 
inhibitors used both LDL-C and non-HDL-C thresholds 
for deciding eligibility, and may therefore have included 
people with an elevated non-HDL-C level despite having 
an LDL-C level below the eligibility criterion [25].

In the present study, the risk of CVD was higher in 
participants whose LDL-C level was greater than the 
on-treatment level of > 70  mg/dL; however, no increase 
in risk was observed for those whose LDL-C level was in 
the range 55–69 mg/dL. It was recently reported that the 
intensive statin therapy target LDL-C level of < 70  mg/
dL did not reduce the incidence of composite CV 
events more significantly than the standard therapy tar-
get LDL-C level of ≥ 100 and < 120  mg/dL [6]. However, 
in that study, targeted levels were achieved in < 50% of 
patients. When analyzed the data from 1909 patients who 
achieved the target LDL-C level, achieving an LDL-C 
level < 70  mg/dL was associated with a more effective 
reduction in CV events incidence than the target level of 
100 to 120 mg/dL in patients with type 2 DM with retin-
opathy [26].

Application of the American Heart Association–
American College of Cardiology–atherosclerotic 
cardiovascular disease (AHA-ACC-ASCVD) score 
overestimated cardiovascular events in a multiethnic 
cohort, including Chinese people, without baseline 
clinical ASCVD [27]. The Framingham risk score was 
developed based on data collected from the Caucasian 
population and overestimates the 10-year risk of CHD 
in the Asian population [28, 29]. A study using data 
from the Hong Kong Diabetes Registry, established in 
1995, also reported that the United Kingdom Prospec-
tive Diabetes Study Risk Engine overestimates the risk 
of CVD with suboptimal discrimination [30]. There is 

Table 3 Risk of myocardial infarction and stroke in patients with type 2 diabetes mellitus according to non-high-density 
lipoprotein cholesterol (non-HDL-C) category

HR, hazard ratio; CI, confidence interval

* Adjusted for age, sex, BMI, smoking, alcohol drinking, exercise, income status, use of statins, fasting glucose levels, hypertension, and duration of diabetes

Total Statin non‑user Statin user

Events (n) Incidence 
rate (per 1000 
person‑years)

HR (95% CI)* Events (n) Incidence 
rate (per 1000 
person‑years)

HR (95% CI)* Events (n) Incidence 
rate (per 1000 
person‑years)

HR (95% CI)*

Myocardial infarction

 < 100 5609 3.37 1 (ref.) 2521 3.38 1 (ref.) 3088 3.36 1 (ref.)

 100–129 11,540 3.35 1.07 (1.03, 1.10) 6898 3.13 0.97 (0.92, 1.0) 4642 3.76 1.16 (1.11, 1.21)

 130–159 14,768 3.51 1.19 (1.15, 1.23) 10,638 3.30 1.07 (1.02, 1.12) 4130 4.18 1.33 (1.27, 1.40)

 160–189 11,614 3.87 1.38 (1.34, 1.43) 8248 3.66 1.26 (1.20, 1.31) 3366 4.49 1.49 (1.42, 1.57)

 ≥ 190 9158 4.57 1.69 (1.63, 1.75) 5607 4.50 1.64 (1.57, 1.72) 3551 4.68 1.63 (1.55, 1.71)

P for trend < 0.0001 < 0.0001 < 0.0001

Stroke

 < 100 9171 5.55 1 (ref.) 4514 6.10 1 (ref.) 4657 5.10 1 (ref.)

 100–129 18,768 5.49 1.05 (1.02, 1.07) 12,045 5.50 0.96 (0.92, 0.99) 6723 5.47 1.13 (1.08, 1.17)

 130–159 23,725 5.68 1.15 (1.12, 1.17) 17,766 5.56 1.03 (0.99, 1.06) 5959 6.07 1.30 (1.25, 1.35)

 160–189 17,435 5.85 1.25 (1.22, 1.29) 12,748 5.70 1.12 (1.08, 1.16) 4687 6.30 1.42 (1.36, 1.48)

 ≥ 190 12,194 6.11 1.39 (1.35, 1.43) 7563 6.10 1.29 (1.24, 1.34) 4631 6.14 1.45 (1.39, 1.52)

P for trend < 0.0001 < 0.0001 < 0.0001
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significant heterogeneity in CVD prevalence between 
populations with diabetes. These discrepancies in CVD 
prevalence may be related to differences in disease pro-
file and other determinants such as genetics, health 
care policy, and culture. A population-based CVD risk 
prediction model for Asian people with type 2 DM 
should be developed to allow for better management. 
The thresholds for initiating treatment of abnormal 
lipid levels and the optimal goals of lipid-altering ther-
apy may also differ according to ethnicity or population 
[31–33].

The optimal LDL-C threshold for starting statin ther-
apy may also vary by age and sex [18, 34]. The associa-
tion between LDL-C and MI risk in elderly patients was 
weak. Lipid levels measured in late life may decrease as a 
result of behavioral changes or because of the presence of 
comorbidities.

The association between LDL-C and risk of MI was 
stronger in men than in women, suggesting that there are 
more atherogenic characteristics of LDL-C in men. It was 
also reported that risk of CHD was associated with high 
TG and low HDL-C in women and high LDL-C in men 
[35]. There has been controversy over whether statins 
are effective for primary prevention in women [20]. 
The gender gap in risk of CHD persists throughout life 
but the relative risk declines with age [36]. What causes 
the gender contrast in risk is still not clear. An adverse 
effect of male hormones, gender heterogeneity in insulin 

resistance mechanisms, in LDL-C characteristics and/or 
in aging processes influencing arterial stiffness, are some 
of the theories suggested [36]. The epidemiological evi-
dence for an association of high LDL-C with an increased 
risk of ischemic stroke is relatively weak [21]. We also 
found that a stroke was less related to the cholesterol 
level than MI. It may be due to the heterogenous etiology 
of stroke. Lacunar infarction and cardioembolic infarc-
tion seem to have a less potent relation with elevated 
LDL-C [21]. Although it was difficult to clearly define 
the subtypes of stroke, we excluded hemorrhagic stroke 
(ICD-10 codes I60, I61, I62). We provided cut-offs for the 
LDL-C levels (e.g. 70, 100, 130 mg/dL), which were dif-
ferent from the observed quintiles. In major guidelines 
on the treatment of blood cholesterol to reduce CVD [20, 
37], LDL-C goals < 55, 70, 100, or 130 mg/dL are recom-
mended depending to the CV risk.

There are several limitations to our study. First, day-to-
day variability because of laboratory error or biological 
variability may have affected the results because we used 
a single measurement of cholesterol levels. Repeated 
measurement would have been more accurate for clas-
sifying the participants. Second, several studies [38, 39] 
have shown that even when the TG level is < 400  mg/
dL, a higher TG level can increase the degree to which 
the Friedewald formula underestimates LDL-C level. 
We excluded participants with a TG level > 400  mg/dL, 
but we also analyzed non-HDL cholesterol levels. Third, 

Table 4 Hazard ratios and  95% confidence intervals of  myocardial infarction and  stroke by  low-density lipoprotein 
cholesterol (LDL-C) category; Sensitivity analysis excluding  subjects with  the  occurrence of  end points within  2  year 
of follow-up

HR, hazard ratio; CI, confidence interval

* Adjusted for age, sex, BMI, smoking, alcohol drinking, exercise, income status, use of statins, fasting glucose levels, hypertension, and duration of diabetes

Total Statin non‑user Statin user

Events (n) Incidence 
rate (per 1000 
person‑years)

HR (95% CI)* Events (n) Incidence 
rate (per 1000 
person‑years)

HR (95% CI)* Events (n) Incidence 
rate (per 1000 
person‑years)

HR (95% CI)*

MI

 < 70 4058 3.78 1 (ref.) 1788 3.77 1 (ref.) 2270 3.79 1 (ref.)

 70–99 9274 3.65 1.00 (0.96, 1.03) 5467 3.49 0.94 (0.90, 1.00) 3807 3.90 1.05 (1.00, 1.11)

 100–129 11,518 3.74 1.07 (1.03, 1.11) 8591 3.62 1.02 (0.97, 1.07) 2927 4.12 1.15 (1.09, 1.21)

 130–159 8182 4.10 1.22 (1.18, 1.27) 6209 4.06 1.20 (1.13, 1.26) 1973 4.20 1.21 (1.14, 1.29)

 ≥ 160 4887 4.63 1.44 (1.38, 1.50) 3148 4.80 1.48 (1.40, 1.57) 1739 4.36 1.32 (1.24, 1.41)

P for trend < 0.0001 < 0.0001 < 0.0001

Stroke

 < 70 6434 6.03 1 (ref.) 3083 6.54 1 (ref.) 3351 5.62 1 (ref.)

 70–99 14,892 5.89 1.00 (0.97, 1.03) 9410 6.04 0.96 (0.92, 1.01) 5482 5.64 1.03 (0.99, 1.08)

 100–129 18,137 5.91 1.04 (1.01, 1.07) 14,011 5.94 0.99 (0.95, 1.03) 4126 5.83 1.11 (1.06, 1.16)

 130–159 11,707 5.89 1.08 (1.05, 1.12) 9052 5.95 1.05 (1.01, 1.09) 2655 5.68 1.12 (1.07, 1.18)

 ≥ 160 6280 5.97 1.17 (1.13, 1.21) 4070 6.22 1.15 (1.09, 1.20) 2210 5.56 1.16 (1.11, 1.23)

P for trend < 0.0001 < 0.0001 < 0.0001
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because the analysis was performed using an NHIS 
health examinee cohort, diabetic patients with severe dis-
abilities would likely have been excluded from undergo-
ing regular health examinations. Because patients with 
underlying CVD at baseline were excluded, the study 
population likely included mostly relatively low-risk dia-
betic participants. Fourth, cholesterol levels may increase 
over time and trigger the use of statins among non-users, 
such that the observed risk of CVD would be mitigated. 
Our study was limited in that time-varying Cox regres-
sion was not performed. Fifth, we were unable to obtain 
clinical information on hemoglobin A1c levels, high sen-
sitivity C-reactive protein [40], and other medications 
that an affect the development of CVD. Lastly, because 
only the Korean population was included, our findings 
cannot be extrapolated to people with different ethnici-
ties. Despite these limitations, this study evaluated lon-
gitudinal data from the entire Korean adult population. 
Therefore, our findings reflect ‘real-world’ data, on a 
national scale, regarding the effects of LDL-C and non-
HDL-C levels on CVD risk in people with type 2 DM.

Conclusion
Although the existence of a threshold does not always 
mean that the optimal cutoff level should be the same 
value, the absence of an increase in risk below this 
threshold suggests that the LDL-C cutoff point for 
Korean people with DM that increases the risk of CVD 
may be around 130  mg/dL. Because we observed a 
graded positive trend in MI risk starting from a LDL-C 
level of 130 mg/dL, and this risk increased for the higher 
LDL-C categories, we recommend initiating statin treat-
ment for primary prevention of CVD in Korean patients 
with type 2 DM when the LDL-C level is ≥ 130  mg/dL. 
We found a significantly increased risk of CVD in statin-
treated participants with an LDL-C level ≥ 70  mg/dL. 
For patients with type 2 DM without preexisting CVD, 
our recommendations for starting statin therapy for 
primary prevention of CVD are: 1) an LDL cholesterol 
level ≥ 130 mg/dL, and 2) a goal LDL-C level of < 70 mg/
dL.

Supplementary information
Supplementary information accompanies this paper at https ://doi.
org/10.1186/s1293 3‑019‑0943‑9.

Additional file 1. Additional Tables and Figure.

Abbreviations
ASCVD: atherosclerotic cardiovascular disease; BP: blood pressure; CHD: coro‑
nary heart disease; CVD: cardiovascular disease; DM: diabetes mellitus; HDL‑C: 
high‑density cholesterol; ICD: International Classification of Diseases; LDL‑C: 
low‑density lipoprotein cholesterol; MI: myocardial infarctions; NHIS: National 
Health Insurance System; TG: triglyceride.

Acknowledgements
This work was performed by the cooperation with National Health Insurance 
Service (NHIS) and the Korean Diabetes Association. The National Health 
Information Database made by NHIS was used (No. NHIS‑2019‑1‑186), and 
the results do not necessarily represent the opinion of the National Health 
Insurance Corporation.

Authors’ contributions
MKK, KDH, and HSK designed the study. KDH performed a statistical analysis. 
HSK takes full responsibility for the accuracy of the data presented and ana‑
lysed in this Article. MKK wrote the manuscript and HNJ, KHB and KIS edited 
the manuscript and contributed to discussion. All authors read and approved 
the final manuscript.

Funding
This research was supported by Basic Science Research Program through 
the National Research Foundation of Korea (NRF) funded by the Ministry of 
Education (2018R1D1A1B07049079). The funders of the study had no role in 
study design, data collection, data analysis, data interpretation, or writing of 
the report.

Availability of data and materials
The datasets used and/or analyzed in the current study are available from the 
corresponding author upon reasonable request.

Ethics approval and consent to participate
This study was approved by the Institutional Review Board of The Catholic 
University of Korea (No. SC18ZES10009). Anonymous and de‑identified 
information was used for analysis and, therefore, informed consent was not 
obtained.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Division of Endocrinology and Metabolism, Department of Internal Medicine, 
Yeouido St. Mary’s Hospital, College of Medicine, The Catholic University 
of Korea, 10 63‑ro, Yeongdeungpo‑gu, Seoul 07345, Republic of Korea. 
2 Department of Medical Statistics, College of Medicine, The Catholic Univer‑
sity of Korea, Seoul 06591, Republic of Korea. 

Received: 18 July 2019   Accepted: 10 October 2019

References
 1. American Diabetes Association. Cardiovascular disease and risk manage‑

ment: standards of medical care in diabetes—2019. Diabetes Care. 
2019;42:S103–23.

 2. Grundy SM, Stone NJ, Bailey AL, Beam C, Birtcher KK, Blumenthal 
RS, Braun LT, de Ferranti S, Faiella‑Tommasino J, Forman DE, Gold‑
berg 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 Manage‑
ment of Blood Cholesterol. Circulation. 2018. (Epub ahead of print).

 3. Jellinger PS, Handelsman Y, Rosenblit PD, Bloomgarden ZT, Fonseca VA, 
Garber AJ, Grunberger G, Guerin CK, Bell DSH, Mechanick JI, Pessah‑
Pollack R, Wyne K, Smith D, Brinton EA, Fazio S, Davidson M. American 
Association of Clinical Endocrinologists and American College of Endocri‑
nology guidelines for the management of dyslipidemia and prevention 
of cardiovascular disease. Endocr Pract. 2017;23:1–87.

 4. Rana JS, Liu JY, Moffet HH, Boklage SH, Khan I, Karter AJ. Risk of incident 
atherosclerotic cardiovascular disease events by achieved atherogenic 
lipid levels among 62,428 Statin‑treated individuals with diabetes mel‑
litus. Am J Cardiol. 2018;122:762–7.

https://doi.org/10.1186/s12933-019-0943-9
https://doi.org/10.1186/s12933-019-0943-9


Page 10 of 11Kim et al. Cardiovasc Diabetol          (2019) 18:139 

 5. Sabatine MS, Wiviott SD, Im K, Murphy SA, Giugliano RP. Efficacy and 
safety of further lowering of low‑density lipoprotein cholesterol in 
patients starting with very low levels: a meta‑analysis. JAMA Cardiol. 
2018;3:823–8.

 6. Itoh H, Komuro I, Takeuchi M, Akasaka T, Daida H, Egashira Y, Fujita H, 
Higaki J, Hirata KI, Ishibashi S, Isshiki T, Ito S, Kashiwagi A, Kato S, Kitagawa 
K, Kitakaze M, Kitazono T, Kurabayashi M, Miyauchi K, Murakami T, Muro‑
hara T, Node K, Ogawa S, Saito Y, Seino Y, Shigeeda T, Shindo S, Sugawara 
M, Sugiyama S, Terauchi Y, Tsutsui H, Ueshima K, Utsunomiya K, Yamagishi 
M, Yamazaki T, Yo S, Yokote K, Yoshida K, Yoshimura M, Yoshimura N, 
Nakao K, Nagai R, EMPATHY Investigators. Intensive treat‑to‑target statin 
therapy in high‑risk Japanese patients with hypercholesterolemia and 
diabetic retinopathy: report of a randomized study. Diabetes Care. 
2018;41:1275–84.

 7. Ko SH, Han K, Lee YH, Noh J, Park CY, Kim DJ, Jung CH, Lee KU, Ko KS, 
TaskForce Team for the Diabetes Fact Sheet of the Korean Diabetes 
Association. Past and current status of adult type 2 diabetes mellitus 
management in Korea: a national health insurance service database 
analysis. Diabetes Metab J. 2018;42:93–100.

 8. Kim MK, Han K, Koh ES, Kim ES, Lee MK, Nam GE, Kwon HS. Blood Pressure 
and Development of Cardiovascular Disease in Koreans With Type 2 
Diabetes Mellitus. Hypertension. 2019;73:319–26.

 9. Kim MK, Han K, Koh ES, Kim ES, Lee MK, Nam GE, Kwon HS. Weight 
change and mortality and cardiovascular outcomes in patients with new‑
onset diabetes mellitus: a nationwide cohort study. Cardiovasc Diabetol. 
2019;18:36.

 10. Lee YH, Han K, Ko SH, Ko KS, Lee KU. Data analytic process of a nationwide 
population‑based study using national health information database 
established by national health insurance service. Diabetes Metab J. 
2016;40:79–82.

 11. Kim MK, Han K, Kim HS, Park YM, Kwon HS, Yoon KH, Lee SH. Cholesterol 
variability and the risk of mortality, myocardial infarction, and stroke: a 
nationwide population‑based study. Eur Heart J. 2017;38:3560–6.

 12. Kim MK, Han K, Park YM, Kwon HS, Kang G, Yoon KH, Lee SH. Associations 
of variability in blood pressure, glucose and cholesterol concentrations, 
and body mass index with mortality and cardiovascular outcomes in the 
general population. Circulation. 2018;138:2627–37.

 13. Noda H, Iso H, Irie F, Sairenchi T, Ohtaka E, Ohta H. Gender difference of 
association between LDL cholesterol concentrations and mortality from 
coronary heart disease amongst Japanese: the Ibaraki Prefectural Health 
Study. J Intern Med. 2010;267:576–87.

 14. Liu J, Sempos CT, Donahue RP, Dorn J, Trevisan M, Grundy SM. Non‑
high‑density lipoprotein and very‑low‑density lipoprotein cholesterol 
and their risk predictive values in coronary heart disease. Am J Cardiol. 
2006;98:1363–8.

 15. Yusuf S, Bosch J, Dagenais G, Zhu J, Xavier D, Liu L, Pais P, López‑Jaramillo 
P, Leiter LA, Dans A, Avezum A, Piegas LS, Parkhomenko A, Keltai K, Keltai 
M, Sliwa K, Peters RJ, Held C, Chazova I, Yusoff K, Lewis BS, Jansky P, Khunti 
K, Toff WD, Reid CM, Varigos J, Sanchez‑Vallejo G, McKelvie R, Pogue J, 
Jung H, Gao P, Diaz R, Lonn E, HOPE‑3 Investigators. Cholesterol Lowering 
in Intermediate‑Risk Persons without Cardiovascular Disease. N Engl J 
Med. 2016;374:2021–31.

 16. Einarson TR, Acs A, Ludwig C, Panton UH. Prevalence of cardiovascular 
disease in type 2 diabetes: a systematic literature review of scientific 
evidence from across the world in 2007‑2017. Cardiovasc Diabetol. 
2018;17:83.

 17. Heintjes E, Kuiper J, Lucius B, Penning‑van Beest F, Kutikova L, Liem A, 
Herings R. Characterization and cholesterol management in patients with 
cardiovascular events and/or type 2 diabetes in the Netherlands. Curr 
Med Res Opin. 2017;33:91–100.

 18. Berkelmans GFN, Gudbjörnsdottir S, Visseren FLJ, Wild SH, Franzen S, 
Chalmers J, Davis BR, Poulter NR, Spijkerman AM, Woodward M, Pressel 
SL, Gupta AK, van der Schouw YT, Svensson AM, van der Graaf Y, Read 
SH, Eliasson B, Dorresteijn JAN. Prediction of individual life‑years gained 
without cardiovascular events from lipid, blood pressure, glucose, and 
aspirin treatment based on data of more than 500 000 patients with type 
2 diabetes mellitus. Eur Heart J. 2019;40:2899–906.

 19. Young JB, Gauthier‑Loiselle M, Bailey RA, Manceur AM, Lefebvre P, Green‑
berg M, Lafeuille MH, Duh MS, Bookhart B, Wysham CH. Development of 
predictive risk models for major adverse cardiovascular events among 

patients with type 2 diabetes mellitus using health insurance claims data. 
Cardiovasc Diabetol. 2018;17:118.

 20. Mach F, Baigent C, Catapano AL, Koskinas KC, Casula M, Badimon L, Chap‑
man 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, ESC Scientific Document 
Group. 2019 ESC/EAS Guidelines for the management of dyslipidaemias: 
lipid modification to reduce cardiovascular risk. Eur Heart J. 2019. https ://
doi.org/10.1093/eurhe artj/ehz45 5.

 21. Imamura T, Doi Y, Arima H, Yonemoto K, Hata J, Kubo M, Tanizaki Y, 
Ibayashi S, Iida M, Kiyohara Y. LDL cholesterol and the development of 
stroke subtypes and coronary heart disease in a general Japanese popu‑
lation: the Hisayama study. Stroke. 2009;40:382–8.

 22. Ting RZ, Yang X, Yu LW, Luk AO, Kong AP, Tong PC, So WY, Chan JC, Ma RC. 
Lipid control and use of lipid‑regulating drugs for prevention of cardio‑
vascular events in Chinese type 2 diabetic patients: a prospective cohort 
study. Cardiovasc Diabetol. 2010;9:77.

 23. Abdullah SM, Defina LF, Leonard D, Barlow CE, Radford NB, Willis BL, 
Rohatgi A, McGuire DK, de Lemos JA, Grundy SM, Berry JD, Khera A. 
Long‑term association of low‑density lipoprotein cholesterol with car‑
diovascular mortality in individuals at low 10‑year risk of atherosclerotic 
cardiovascular disease. Circulation. 2018;138:2315–25.

 24. Virani SS, Ballantyne CM. Low‑density lipoprotein cholesterol: Is 160 the 
new 190? Circulation. 2018;138:2326–9.

 25. Sabatine MS, Giugliano RP, Keech AC, Honarpour N, Wiviott SD, Murphy 
SA, Kuder JF, Wang H, Liu T, Wasserman SM, Sever PS, Pedersen TR, 
FOURIER Steering Committee and Investigators. Evolocumab and 
clinical outcomes in patients with cardiovascular disease. N Engl J Med. 
2017;376:1713–22.

 26. Itoh H, Komuro I, Takeuchi M, EMPATHY Investigators, et al. Achieving LDL 
cholesterol target levels < 1.81 mmol/L may provide extra cardiovascular 
protection in patients at high risk: exploratory analysis of the standard 
versus intensive statin therapy for patients with hypercholesterolaemia 
and diabetic retinopathy study. Diabetes Obes Metab. 2019;21:791–800.

 27. DeFilippis AP, Young R, Carrubba CJ, McEvoy JW, Budoff MJ, Blumenthal 
RS, Kronmal RA, McClelland RL, Nasir K, Blaha MJ. An analysis of calibra‑
tion and discrimination among multiple cardiovascular risk scores in a 
modern multiethnic cohort. Ann Intern Med. 2015;162:266–75.

 28. Nishimura K, Okamura T, Watanabe M, Nakai M, Takegami M, Higashiy‑
ama A, Kokubo Y, Okayama A, Miyamoto Y. Predicting coronary heart 
disease using risk factor categories for a Japanese urban population, and 
comparison with the Framingham risk score: the suita study. J Atheroscler 
Thromb. 2014;21:784–98.

 29. Ng IHY, Cheung KKT, Yau TTL, Chow E, Ozaki R, Chan JCN. Evolution of 
diabetes care in Hong Kong: from the Hong Kong Diabetes Register 
to JADE‑PEARL Program to RAMP and PEP Program. Endocrinol Metab 
(Seoul). 2018;33:17–32.

 30. Yang X, So WY, Kong AP, Ho CS, Lam CW, Stevens RJ, Lyu RR, Yin DD, Cock‑
ram CS, Tong PC, Wong V, Chan JC. Development and validation of stroke 
risk equation for Hong Kong Chinese patients with type 2 diabetes: the 
Hong Kong Diabetes Registry. Diabetes Care. 2007;30:65–70.

 31. Kovarnik T, Chen Z, Mintz GS, Wahle A, Bayerova K, Kral A, Chval M, 
Kopriva K, Lopez J, Sonka M, Linhart A. Plaque volume and plaque risk 
profile in diabetic vs. non‑diabetic patients undergoing lipid‑lowering 
therapy: a study based on 3D intravascular ultrasound and virtual histol‑
ogy. Cardiovasc Diabetol. 2017;16:156.

 32. Noh M, Kwon H, Jung CH, Kwon SU, Kim MS, Lee WJ, Park JY, Han Y, 
Kim H, Kwon TW, Cho YP. Impact of diabetes duration and degree of 
carotid artery stenosis on major adverse cardiovascular events: a single‑
center, retrospective, observational cohort study. Cardiovasc Diabetol. 
2017;16:74.

 33. Lee G, Kim SM, Choi S, Kim K, Jeong SM, Son JS, Yun JM, Park SM. The 
effect of change in fasting glucose on the risk of myocardial infarction, 
stroke, and all‑cause mortality: a nationwide cohort study. Cardiovasc 
Diabetol. 2018;17:51.

 34. Kiss Z, Rokszin G, Abonyi‑Tóth Z, Jermendy G, Kempler P, Aradi D, Witt‑
mann I. Dissimilar impact of type 2 diabetes on cardiovascular outcomes 
according to age categories: a nationwide population study from Hun‑
gary. Cardiovasc Diabetol. 2018;17:107.

 35. Abdel‑Maksoud MF, Eckel RH, Hamman RF, Hokanson JE. Risk of coronary 
heart disease is associated with triglycerides and high‑density lipoprotein 

https://doi.org/10.1093/eurheartj/ehz455
https://doi.org/10.1093/eurheartj/ehz455


Page 11 of 11Kim et al. Cardiovasc Diabetol          (2019) 18:139 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your research ?  Choose BMC and benefit from: 

cholesterol in women and non‑high‑density lipoprotein cholesterol in 
men. J Clin Lipidol. 2012;6:374–81.

 36. Albrektsen G, Heuch I, Løchen ML, Thelle DS, Wilsgaard T, Njølstad I, 
Bønaa KH. Risk of incident myocardial infarction by gender: Interactions 
with serum lipids, blood pressure and smoking. The Tromsø Study 1979‑
2012. Atherosclerosis. 2017;261:52–9.

 37. Kim MK, Ko SH, Kim BY, Kang ES, Noh J, Kim SK, Committee of Clini‑
cal Practice Guidelines, Korean Diabetes Association. Clinical practice 
guidelines for type 2 diabetes mellitus in Korea. Diabetes Metab J. 
2019;2019(43):398–406.

 38. Martin SS, Blaha MJ, Elshazly MB, Brinton EA, Toth PP, McEvoy JW, Joshi 
PH, Kulkarni KR, Mize PD, Kwiterovich PO, Defilippis AP, Blumenthal RS, 
Jones SR. Friedewald‑estimated versus directly measured low‑density 
lipoprotein cholesterol and treatment implications. J Am Coll Cardiol. 
2013;62:732–9.

 39. Lee J, Jang S, Jeong H, Ryu OH. Validation of the Friedewald for‑
mula for estimating low density lipoprotein cholesterol: 

the Korea National Health and Nutrition Examination Sur‑
vey, 2009 to 2011. Korean J Intern Med. 2018. https ://doi.org/10.3904/
kjim.2017.233.

 40. Hwang YC, Morrow DA, Cannon CP, Liu Y, Bergenstal R, Heller S, Mehta C, 
Cushman W, Bakris GL, Zannad F, White WB. High‑sensitivity C‑reactive 
protein, low‑density lipoprotein cholesterol and cardiovascular outcomes 
in patients with type 2 diabetes in the EXAMINE (Examination of Cardio‑
vascular Outcomes with Alogliptin versus Standard of Care) trial. Diabetes 
Obes Metab. 2018;20:654–9.

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

https://doi.org/10.3904/kjim.2017.233
https://doi.org/10.3904/kjim.2017.233

	Cholesterol levels and development of cardiovascular disease in Koreans with type 2 diabetes mellitus and without pre-existing cardiovascular disease
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Data sources
	Study population
	Study outcomes and follow-up
	Statistical analysis

	Results
	Baseline characteristics
	LDL-C level and risk of CVD
	Non-HDL-C level and risk of CVD
	Risk of CVD according to LDL-C category in subgroups according to age and sex

	Discussion
	Conclusion
	Acknowledgements
	References




