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Background: A substantial cardiovascular disease risk remains even after optimal statin therapy. Comparative predictiveness of 
major lipid and lipoprotein parameters for cardiovascular events in patients with type 2 diabetes mellitus (T2DM) who are treated 
with statins is not well documented. 
Methods: From the Korean Nationwide Cohort, 11,900 patients with T2DM (≥40 years of age) without a history of cardiovascu-
lar disease and receiving moderate- or high-intensity statins were included. The primary outcome was the first occurrence of ma-
jor adverse cardiovascular events (MACE) including ischemic heart disease, ischemic stroke, and cardiovascular death. The risk 
of MACE was estimated according to on-statin levels of low-density lipoprotein cholesterol (LDL-C), triglyceride (TG), high-
density lipoprotein cholesterol (HDL-C), and non-HDL-C. 
Results: MACE occurred in 712 patients during a median follow-up period of 37.9 months (interquartile range, 21.7 to 54.9). 
Among patients achieving LDL-C levels less than 100 mg/dL, the hazard ratios for MACE per 1-standard deviation change in on-
treatment values were 1.25 (95% confidence interval [CI], 1.07 to 1.47) for LDL-C, 1.31 (95% CI, 1.09 to 1.57) for non-HDL-C, 
1.05 (95% CI, 0.91 to 1.21) for TG, and 1.16 (95% CI, 0.98 to 1.37) for HDL-C, after adjusting for potential confounders and lipid 
parameters mutually. The predictive ability of on-statin LDL-C and non-HDL-C for MACE was prominent in patients at high 
cardiovascular risk or those with LDL-C ≥70 mg/dL.
Conclusion: On-statin LDL-C and non-HDL-C levels are better predictors of the first cardiovascular event than TG or HDL-C in 
patients with T2DM. 
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INTRODUCTION

Cardiovascular disease (CVD) is the leading cause of morbidity 
and mortality in patients with type 2 diabetes mellitus (T2DM). 
Insulin resistance, the primary pathogenic mechanism under-
lying T2DM, results in the derangement of lipoprotein metab-
olism, including elevated triglyceride (TG) levels, an increase 
in small dense low-density lipoprotein cholesterol (LDL-C) 
particles, and a decrease in high-density lipoprotein cholester-

ol (HDL-C) [1]. The management of dyslipidemia with mod-
erate- or high-intensity statins is the mainstay of primary and 
secondary prevention of CVD in patients with T2DM [2,3]. 
However, even after the target LDL-C level is achieved with 
optimal statin therapy, a substantial risk of CVD remains [4,5]. 

Several studies have evaluated the role of serum lipid param-
eters in the prediction of residual cardiovascular risk following 
statin therapy. Major randomized controlled trials (RCTs) of 
statins, including treating to new targets (TNT), Pravastatin or 
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Atorvastatin Evaluation and Infection Therapy-Thromobolysis 
in Myocardial Infarction 22 (PROVE IT-TIMI 22), and Incre-
mental Decrease in End Points Through Aggressive Lipid 
Lowering (IDEAL), showed that on-statin concentrations of 
HDL-C and TG were indicators of cardiovascular risk [6-8]. 
Evidence also indicated that apolipoprotein B (ApoB) or non-
HDL-C concentrations contributed to the assessment of resid-
ual cardiovascular risk in patients with high cardiovascular 
risk [9]. Recent observations have highlighted the importance 
of remnant cholesterol as an independent predictor of CVD 
[10,11]. However, most studies evaluated the role of each lipid 
or lipoprotein parameter solely in a prediction model for resid-
ual cardiovascular risk. Because lipid and lipoprotein parame-
ters are interrelated by nature; for example, LDL-C and non-
HDL-C are positively or TG and HDL-C negatively [12], lipid 
parameters as predictors of CVD need to be assessed simulta-
neously, and their interactions should be considered. 

The study populations in previous studies were largely limit-
ed to patients with pre-existing CVD. Only a limited number 
of RCTs have been conducted exclusively on T2DM patients 
[13]. A paucity of data exists about the role of lipid and lipo-
protein parameters in predicting cardiovascular events after 
statin therapy in patients with T2DM without CVD. Consider-
ing that the residual cardiovascular risk is greater in patients 
with T2DM than in those without [5,13] and since most adults 
with T2DM are taking statins [14], it is important to evaluate 
which lipid parameters are reliable for predicting future car-
diovascular events in this patient population. 

This study aimed to evaluate and compare major lipid and li-
poprotein parameters for predicting the first cardiovascular 
event in patients with T2DM taking statins in a real-world set-
ting. 

METHODS

Data source and patient selection
This study included a nationwide longitudinal population-
based cohort of 514,866 Koreans from the Korean National 
Health Insurance Service-Health Screening Cohort (NHIS-
HEALS). The cohort comprised participants in biannual health 
screening programs provided by the Korean government; this 
represented 10% of a random selection of all health-screening 
participants aged 40 to 79 years in 2002 and 2003 and followed 
up to 2015. The cohort database contains information on indi-
viduals’ demographics, disease records according to the Inter-

national Classification of Disease, Tenth Revision (ICD-10), 
prescription records, hospitalizations, medical procedures, 
death records, and health examination data including ques-
tionnaires, anthropometric measures, and laboratory data. The 
details of the cohort protocol have been described previously 
[15]. 

A flow diagram of the study patient selection is shown in 
Supplementary Fig. 1. From the original cohort (n=503,925), 
we selected patients who received moderate- or high-intensity 
statins for at least 90 days from 2007 to 2014. The index date 
was set to January 1, 2007, because a comprehensive measure-
ment of lipid profiles, including total cholesterol (TC), LDL-C, 
HDL-C, and TG, has been conducted since 2007. To include at 
least a 1-year follow-up of patients, the last index date was set 
to December 31, 2014. Statin intensity was classified according 
to the 2013 American Heart Association (AHA)/American 
College of Cardiology (ACC) guideline on managing blood 
cholesterol [16]. Low-intensity statins included simvastatin 10 
mg, pravastatin 10 to 20 mg, lovastatin 20 mg, fluvastatin 20 to 
40 mg, and pitavastatin 1 mg. Moderate-intensity statins in-
cluded atorvastatin 10 to 20 mg, rosuvastatin 5 to 10 mg, simv-
astatin 20 to 40 mg, pravastatin 40 to 80 mg, lovastatin 40 mg, 
fluvastatin XL 80 or 40 mg twice daily, and pitavastatin 2 to 4 
mg. high-intensity statins included atorvastatin 40 to 80 mg 
and rosuvastatin 20 to 40 mg. Next, patients diagnosed with 
T2DM were selected. T2DM was classified on the basis of 
ICD-10 codes of T2DM (E11–14), with the use of at least one 
glucose-lowering agent, including insulin. Patients diagnosed 
with CVD before enrolment and those without documented 
lipid profiles before initiating statins were excluded. Patients’ 
history of CVD was identified by a medical history of ischemic 
heart disease (IHD), ischemic stroke (IS), and heart failure be-
fore the index date. The identification of IHD and IS are de-
scribed in the outcome measures section, and a history of heart 
failure was identified as hospitalization for heart failure (ICD-
10 codes I42, I43, and I50). Finally, 11,900 patients were in-
cluded in the analyses. All patients were followed up from the 
index date of statin therapy to the earliest occurrence of any 
cardiovascular outcome described below, death, or the end of 
the cohort period (December 31, 2015).

This study was approved by the Institutional Review Board 
of the Korea University Anam Hospital (IRB number ED17-
181). None of the data involved any patient identity revealing 
information; thus, the NHIS waived the requirement for in-
formed consent for this study. 
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Outcome measures
The primary outcome was the occurrence of any major adverse 
cardiovascular events (MACE), including IHD, IS, or cardio-
vascular death. IHD events were defined as hospitalization for 
IHD (ICD-10 codes I20-I25) plus documentation of coronary 
artery angiography or procedures. IS events were defined as 
hospitalization for IS (ICD-10 code I63) plus brain imaging 
studies or procedures for IS. Cardiovascular death was defined 
as death from CVD (ICD codes I00-I99). 

The risk of MACE was estimated according to on-treatment 
levels of LDL-C, TG, HDL-C, and non-HDL-C. TC, TG, and 
HDL-C levels were measured using enzymatic methods dur-
ing fasting. LDL-C was measured directly when the TG level 
was 400 mg/dL or higher, otherwise, it was calculated by the 
Friedewald formula (TC minus HDL-C minus TG/5) [17]. 
Non-HDL-C was calculated by subtracting HDL-C from TC. 
The on-treatment lipid profile was defined as each lipid param-
eter on the most recent day to the event or study end after re-
ceiving statin therapy for at least 90 days without interruption 
following enrolment. Therapy was considered uninterrupted if 
the next prescription was filled within 30 days of the expected 
end date of the previous prescription. Analyses were also per-
formed according to the patients’ baseline cardiovascular risk 
(moderate or high risk). The high-risk group was defined as 
patients with any of the following [18]: T2DM duration ≥10 
years; estimated glomerular filtration rate (eGFR) <60 mL/
min/1.73 m2; smoker; TC >310 mg/dL; LDL-C >190 mg/dL; 
or blood pressure ≥180/110 mm Hg. The moderate-risk group 
was defined as patients without these risk factors.

Confounding variables 
The analyses were adjusted for confounding variables consid-
ered to potentially affect outcomes. Age and sex were adjusted 
in model A, and the following variables were further adjusted 
in model B: duration of diabetes, waist circumference, mean 
fasting blood sugar level, mean systolic blood pressure, smok-
ing status (never, former, or current smokers), alcohol con-
sumption (none, once or twice/week, or ≥3 times/week), phys-
ical activity (none, once or twice/week, or ≥3 times/week), du-
ration of statin therapy, use of antihypertensive agents accord-
ing to class (renin-angiotensin-aldosterone system inhibitors, 
calcium channel blockers, β-blockers, diuretics, or others), use 
of antidiabetic agents according to class (insulin, metformin, 
thiazolidinedione, sulfonylurea, dipeptidyl peptidase-4 inhibi-
tor, or others), use of antithrombotic agents, and use of fenofi-

brate or omega-3 fatty acids. The duration of statin therapy was 
obtained by summing the length of continuous statin prescrip-
tion without interruption from the 1st day of study enrolment 
to the last day of follow-up. In model C, additional adjustments 
for baseline LDL-C level and the other on-treatment lipid pa-
rameters were done. Analyses of LDL-C were adjusted for HDL-
C and TG; analyses of TG were adjusted for LDL-C and HDL-
C; analyses of HDL-C were adjusted for LDL-C and TG; and 
analyses of non-HDL-C were adjusted for TG.

Statistical analysis
Data are presented as means and standard deviations (SD) for 
continuous variables or as numbers (n) and percentages (%) 
for categorical variables. The risk of outcomes is presented as 
the hazard ratio (HR) and associated 95% confidence interval 
(CI) calculated using Cox proportional hazard regression 
models. Among patients achieving LDL-C levels less than 100 
mg/dL, the prognostic effect of each lipid parameter for car-
diovascular risk was assessed by calculating the HRs for 
MACE per 1-SD change in on-treatment values of each pa-
rameter (1-SD increase in LDL-C, TG, and non-HDL-C and 
1-SD decrease in HDL-C). Subgroup analyses were performed 
according to on-treatment LDL levels (<55, 55–69, and 70–99 
mg/dL) and according to patients’ baseline cardiovascular risk 
(moderate vs. high-risk). In addition, HRs were calculated by 
conventional categorization of each lipid parameter: LDL-C 
(<55, 55–69, and 70–99 mg/dL), TG (<100, 100–149, 150–
199, and ≥200 mg/dL), HDL-C (<40, 40–49, 50–59, and ≥60 
mg/dL), and non-HDL-C (<70, 70–99, 100–129, and ≥130 
mg/dL). All statistical analyses were performed using SAS soft-
ware version 9.4 (SAS Institute Inc., Cary, NC, USA). Statistical 
significance was set at a two-sided P value of <0.05.

RESULTS

Table 1 presents the baseline characteristics of the patients 
(n=11,900). The mean age was 63.2 years and 56.1% were 
male. Most patients (98.0%) received moderate-intensity 
statins, and 2.0% received high-intensity statins. The mean du-
ration of statin therapy was 29.3 months. A total of 712 major 
cardiovascular events occurred during follow-up (median, 
37.9 months [interquartile range, 21.7 to 54.9]): 427 patients 
developed IHD, 258 developed IS, and 71 died from CVD 
(Supplementary Table 1).

The pre- and on-treatment lipid profiles with statin therapy 
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are described in Supplementary Table 2. The mean LDL-C lev-
els before and after statin therapy were 130.3 and 75.5 mg/dL, 
respectively. Overall, 84.9% of patients achieved LDL-C con-
centrations below 100 mg/dL following statin therapy.

 
Major lipid parameters and residual cardiovascular risk
Among patients who achieved LDL-C levels below 100 mg/dL 
with moderate- or high-intensity statin therapy (n=6,170), the 
HRs of MACE were estimated by on-treatment concentrations 
of LDL-C, TG, HDL-C, and non-HDL-C respectively (Fig. 1). 
There was a trend of increased HR as LDL-C, TG, and non-
HDL-C levels increased, while HDL-C level decreased. Next, 
we calculated the adjusted HRs of MACE by 1-SD change in 
on-treatment concentrations of each lipid parameter (Table 2). 
After adjustment for age and sex (model A), most lipid param-
eters except TG were associated with major cardiovascular 
events; however, only LDL-C (adjusted HR, 1.30; 95% CI, 1.12 
to 1.51) and non-HDL-C (adjusted HR, 1.26; 95% CI, 1.11 to 
1.45) remained significant after adjustment for other con-
founding variables (model B). These associations were main-
tained even after further adjustments for the other on-treat-
ment lipid parameters and baseline LDL-C levels (model C). 
Similar results were obtained in the analyses according to the 

Table 1. Baseline characteristics of the patient population 
(n=11,900)

Variable Value
Age, yr 63.2±8.5
Male sex 6,670 (56.1)
Duration of diabetes, mo 101.1±46.6
Body mass index, kg/m² 24.9±3.1
Waist circumference, cm 85.4±8.0
Fasting blood glucose, mg/dL 140.1±48.6
Systolic blood pressure, mm Hg 129.0±15.4
Creatinine, mg/dL 1.02±1.18
eGFR, mL/min/1.73 m2 84.0±44.1
Smoking
   Never 7,212 (61.3)
   Ex-smoker 2,340 (19.9)
   Current smoker 2,208 (18.8)
Alcohol consumption
   Never 6,912 (59.3)
   1–2 times/week 2,954 (25.4)
   ≥3 times/week 1,784 (15.3)
Physical activity
   Never 2,807 (23.7)
   1–2 times/week 2,447 (20.7)
   ≥3 times/week 6,592 (55.6)
Antihypertensive agents 8,206 (69.0)
   RAS inhibitor 5,813 (46.5)
   Calcium channel blocker 5,533 (46.5)
   β-Blocker 3,256 (27.4)
   Diuretics 4,903 (41.2)
   Others 2,105 (17.7)
Antidiabetic agents 11,900 (100)
   Insulin 2,927 (24.6)
   Metformin 10,575 (88.9)
   Thiazolidinedione 2,043 (17.2)
   Sulfonylurea 8,529 (71.7)
   DPP-4 inhibitor 2,643 (22.2)
   Others 3,578 (30.1)
Antithrombotic agents 4,876 (41.0)
Fenofibrate 1,888 (15.9)
Omega-3 fatty acids 781 (6.6)
Duration of statin therapy, mo 29.3±18.9
Statin intensity
   High 232 (2.0)
   Moderate 11,668 (98.0)

Values are presented as mean±standard deviation or number (%). 
eGFR, estimated glomerular filtration rate; RAS, renin-angiotensin-
aldosterone system; DPP4, dipeptidyl peptidase-4.

Table 2. Risk of major cardiovascular events per 1-SD changes 
in on-treatment lipid parameters in patients with LDL-C levels 
<100 mg/dL receiving moderate- or high-intensity statin ther-
apy (n=6,170)

Variable Adjusted HR 
(model A)a

Adjusted HR 
(model B)b

Adjusted HR 
(model C)c

LDL-C 1.18 (1.03–1.36) 1.30 (1.12–1.51) 1.25 (1.07–1.47)

TG 1.12 (0.99–1.26) 1.04 (0.91–1.19) 1.05 (0.91–1.21)

HDL-Cd 1.27 (1.09–1.47) 1.14 (0.97–1.34) 1.16 (0.98–1.37)

Non-HDL-C 1.27 (1.11–1.45) 1.26 (1.11–1.45) 1.31 (1.09–1.57)

Values are presented as adjusted HR (95% confidence interval). The 
SD for lipid parameters are 17.68 for LDL-C, 73.92 for TG, 12.69 for 
HDL-C, and 20.84 for non-HDL-C.
SD, standard deviation; LDL-C, low-density lipoprotein cholesterol; 
HR, hazard ratio; TG, triglyceride; HDL-C, high-density lipoprotein 
cholesterol.
aAdjusted for age and sex, bAdjusted for model A plus duration of dia-
betes, waist circumference, mean fasting blood glucose, mean systolic 
blood pressure, smoking, alcohol consumption, physical activity, du-
ration of statin therapy, and concurrent medications (antihyperten-
sive agents by class, antidiabetic agents by class, antithrombotic 
agents, fenofibrate, and omega-3 fatty acids), cAdjusted for model B 
plus other on-treatment lipid parameters and baseline LDL-C levels, 
dHR per 1-SD decrease of HDL-C.



On-statin lipid profiles and first CVD in T2DM

841Diabetes Metab J 2023;47:837-845 https://e-dmj.org

conventional categorization of each lipid parameter (Supple-
mentary Table 3).

Subgroup analysis 
Subgroup analysis was performed according to the LDL-C level 
(Fig. 2). The associations between LDL-C, non-HDL-C and 
risk of MACE were significant in the subgroup with LDL-C 
level ≥70 and <100 mg/dL (adjusted HRs were 1.73 for LDL-C 
[95% CI, 1.15 to 2.61] and 1.59 for non-HDL-C [95% CI, 1.15 to 
2.21]). In contrast, the associations weakened among patients 
with very low on-treatment LDL-C, in patients with LDL-C ≥55 
and <70 mg/dL and those with LDL-C <55 mg/dL, although a 
significant interaction between subgroups did not exist. 

Supplementary Tables 4-6 present subgroup analyses ac-
cording to the patient’s cardiovascular risk (moderate or high 
risk). In the high-risk group, on-statin LDL-C and non-HDL-
C levels showed stronger predictive ability of MACE than oth-
er parameters, as in the overall analyses. In the moderate-risk 

group, the associations between on-treatment lipid parameters 
and the risk of MACE were not significant for all parameters, 
however, there was no significant interaction between groups.

 
DISCUSSION

In this study, we found that the concentrations of LDL-C and 
non-HDL-C levels during statin therapy are more reliable pre-
dictors of first cardiovascular events than other lipid parame-
ters in patients with T2DM. After adjustment for other lipid 
parameters and confounding variables, the on-statin LDL-C 
and non-HDL-C concentrations remained significant predic-
tors of MACE, whereas TG and HDL-C did not. These associa-
tions were prominent in subjects with achieved LDL-C ≥70 
mg/dL or at high cardiovascular risk, rather than those with 
lower LDL-C or at moderate cardiovascular risk. 

Since the pathogenic role of LDL-C in atheroma formation 
within the vasculature has been revealed [19], numerous stud-

Fig. 1. Hazard ratios (HRs) of major adverse cardiovascular events (MACE) according to on-treatment concentrations of (A) 
low-density lipoprotein cholesterol (LDL-C), (B) triglyceride (TG), (C) high-density lipoprotein cholesterol (HDL-C), and (D) 
non-HDL-C in patients with LDL-C levels <100 mg/dL receiving moderate- or high-intensity staitn therapy. The bars above x-
axis, called ‘rug line,’ show the density of the independent variable. The thicker and more common bars mean there are more ob-
servations in that area.
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ies have found a direct relationship between serum lipid or li-
poprotein concentrations, especially TC and LDL-C, and CVD 
development. This association was clear from cohort studies in 
the general population, such as the Framingham heart study 
[20] and the seven countries study [21], which suggested that 
routine screening for cholesterol levels would help to predict 
cardiovascular risk. Statin therapy has become a mainstay 
strategy for cardiovascular risk reduction in at-risk populations 

[2,3], and assessment and management of residual cardiovas-
cular risk among statin-treated patients has become an impor-
tant issue. The assessment of residual cardiovascular risk with 
lipid or lipoprotein parameters has been conducted in post hoc 
analyses of statin RCTs, which have shown inconsistent results. 
For example, the on-treatment HDL-C level was an indepen-
dent predictor of major cardiovascular events in the TNT study 
[6] but not in the Justification for the Use of Statins in Preven-

A

B

C

Fig. 2. Risk of major cardiovascular events per 1-standard deviation (SD) changes in on-treatment lipid parameters in patients 
with low-density lipoprotein cholesterol (LDL-C) levels (A) ≥70 and <100 mg/dL, (B) ≥55 and <70 mg/dL, and (C) <55 mg/dL 
receiving moderate- or high-intensity statin therapy. Data are presented as adjusted hazard ratios (HRs) and 95% confidence in-
tervals. P values for interactions between LDL-C levels ≥70 and <100 mg/dL and LDL-C below 70 mg/dL are 0.104 (model B) 
and 0.101 (model C) for LDL-C; 0.296 (model B) and 0.420 (model C) for triglyceride (TG); 0.231 (model B) and 0.200 (model C) 
for high-density lipoprotein cholesterol (HDL-C); and 0.167 (model B) and 0.166 (model C) for non-HDL-C. aHR per 1-SD de-
crease of HDL-C, bAdjusted for age, sex, duration of diabetes, waist circumference, mean fasting blood glucose, mean systolic 
blood pressure, smoking, alcohol consumption, physical activity, duration of statin therapy, and concurrent medications (antihy-
pertensive agents by class, antidiabetic agents by class, antithrombotic agents, fenofibrates, and omega-3 fatty acids), cAdjusted for 
model B plus other on-treatment lipid parameters and baseline LDL-C levels.

Achieved LDL-C ≥70 and <100 mg/dL (n=2,972)

Achieved LDL-C ≥55 and <70 mg/dL (n=1,795)

Achieved LDL-C <55 mg/dL (n=1,403)
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tion: an Intervention Trial Evaluating Rosuvastatin (JUPITER)  
trial [22]. It is not clear why these studies yielded different re-
sults; however, it has been suggested that HDL-C may be a 
marker reflecting poor overall health rather than an indepen-
dent risk factor for atherosclerotic CVD. Low HDL-C levels 
were found to be closely related to low incomes, unhealthy life-
styles, and other cardiac risk factors [23,24], and genetic analy-
sis failed to show a causal association between HDL-C levels 
and myocardial infarction risk [25]. 

The role of elevated TG levels in cardiovascular risk has also 
been debated. Lower TG levels were associated with lower car-
diovascular risk in the PROVE IT-TIMI 22 trial [7] but not in 
meta-analysis, after adjusting for other risk factors [26]. A 
higher TG level is often a univariate predictor of CVD but not 
an independent predictor in multivariate analyses, probably 
due to TG being highly associated with abnormalities in HDL 
and LDL [27]. Similarly, in our studies, HDL-C and TG lost 
their significance after adjusting for other lipid parameters and 
confounding variables. These parameters partly predicted re-
sidual cardiovascular risk in high-risk patients; however, the 
predictive power of these parameters in overall analyses was 
not significant. Nonetheless, some evidence suggested that TG 
lowering, specifically with fenofibrate, is beneficial for cardio-
vascular risk reduction, especially in people with atherogenic 
dyslipidemia [28,29]. Since the median TG level was only 113 
mg/dL, and the mean HDL-C level was 50 mg/dL after statin 
therapy in our study population, loss of predictive power of 
high TG or low HDL-C for cardiovascular risk may come from 
these favorable lipid profiles.

In contrast, LDL-C and non-HDL-C, representative ApoB-
containing lipoproteins, were consistently associated with the 
risk of MACE. The predictive ability of LDL-C and non-HDL-
C was not weakened even after adjustment for other lipid pa-
rameters, indicating that these two parameters could be inde-
pendent predictors of CVD in patients with T2DM. It is well 
known that ApoB-containing lipoproteins are implicated in 
the development of atherosclerosis [9]. Although LDL particles 
constitute most of the circulating ApoB-containing lipopro-
teins in fasting blood, very-low-density lipoprotein, intermedi-
ate-density lipoproteins, and lipoprotein(a) are also involved in 
the development of atherosclerosis. Hence, non-HDL-C has 
been proposed as an alternative for LDL-C, since several stud-
ies have shown that non-HDL-C is associated with cardiovas-
cular risk as significantly as LDL-C or more strongly related to 
CVD than LDL-C [9,26,30]. Our study also shows that non-

HDL-C is a significant predictor of residual cardiovascular 
risk, as is LDL-C.

Notably, the residual cardiovascular risk differed by on-
treatment LDL-C level in patients achieving 100 mg/dL with 
moderate- or high-intensity statin therapy, supporting that 
LDL-C level should be lowered far below 100 mg/dL, at least to 
70 mg/dL, even in patients with T2DM without CVD. These 
associations were prominent in patients with additional risk 
factors. Although recent trials of proprotein convertase subtili-
sin/kexin 9 (PCSK9) inhibitors and ezetimibe strengthened 
the concept that lower LDL-C is better for cardio-protection, 
most of the trials included patients with established CVD 
[31,32]. Therefore, the level to which LDL-C should be lowered 
is unclear for T2DM patients without CVD. There are differ-
ences among the current guidelines regarding appropriate tar-
gets for LDL-C levels. The American Diabetes Association 
guidelines suggest appropriate statin intensity and percent 
change of LDL-C after therapy, but do not establish the specific 
target LDL concentrations [2]. While the European Society of 
Cardiology recommends patients with T2DM to achieve LDL-
C levels below 70 mg/dL [3], the Korean Diabetes Association 
presents 100 mg/dL as the target LDL-C level for general pa-
tients with T2DM and 70 mg/dL for patients with CVD [33]. 
Our study population was T2DM patients without CVD, and 
most of them were non-obese people with preserved kidney 
function and well-controlled blood pressure. The differential 
power of LDL-C was more distinct in LDL-C levels between 70 
and 100 mg/dL than below 70 mg/dL; thus, our study supports 
the lowering of LDL-C levels to less than 70 mg/dL in T2DM 
patients without CVD.

This study has several limitations. First, this was a retrospec-
tive study that only established associations between risk fac-
tors and outcomes, but did not determine a cause-and-effect 
relationship. Although we tried to adjust for profound con-
founding variables, there might be other factors affecting the 
outcome. Second, one of the most important long-term glycae-
mic markers, glycosylated hemoglobin, was not adjusted for 
the analysis owing to a lack of relevant data. Instead, we adjust-
ed the average fasting blood glucose level measured repetitively 
during the follow-up period. Third, the presence of target or-
gan damage other than low eGFR, such as albuminuria, reti-
nopathy, or neuropathy, was not used in risk stratification be-
cause there was no relevant data. Fourth, LDL-C-lowering 
therapies other than statins were not considered because ezeti-
mibe was not used commonly and PCSK9 inhibitors were not 
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approved in South Korea during the study period. Lastly, we 
could not evaluate the role of ApoB, lipoprotein(a), and other 
apolipoproteins because they were not contained in these data. 
Therefore, further investigation is needed to consider the miss-
ing parameters in predicting residual cardiovascular risk. 

In conclusion, on-treatment LDL-C and non-HDL-C levels 
performed better in the assessment of residual cardiovascular 
risk following statin therapy than other major lipid parameters in 
patients with T2DM without CVD. The predictive ability of on-
statin LDL-C and non-HDL-C for MACE was prominent in pa-
tients at high cardiovascular risk and who achieved LDL-C ≥70 
mg/dL, suggesting that LDL-C level should be lowered to <70 
mg/dL for primary prevention of CVD in patients with T2DM.
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