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ABSTRACT
Treatment of diabetic dyslipidemia is important for the prevention of cardiovascular 
diseases in patients with diabetes. Although glucose control is the main target in pa-
tients with diabetes mellitus (DM) to prevent diabetic complications, multifactorial in-
terventions are absolutely important to reduce the risk of cardiovascular diseases. Re-
cent joint guidelines from the European Society of Cardiology and European Society for 
the Study of Diabetes have recommended lower low-density lipoprotein cholesterol 
(LDL-C) targets for patients with DM and included DM duration in the stratification of 
risk groups for cardiovascular disease prevention, emphasizing higher cardiovascular 
risk in patients with DM. In addition, the American Heart Association/American College 
of Cardiology guidelines were revised so that the LDL-C cutoff appeared in the guide-
lines for high risk groups and for changes in treatment options. The Korean Diabetes As-
sociation also released new treatment guidelines for patients with DM and adopted re-
cent changes from other guidelines with respect to dyslipidemia control. In this review, 
I examined recent updates in the guidelines for dyslipidemia treatment for patients 
with DM.
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INTRODUCTION
Diabetes mellitus (DM) is a chronic disease with high mortality and associated risks for cardio-
vascular diseases due to various vascular complications. Because the mortality rate due to car-
diovascular diseases in patients with DM is two to four times higher than that in patients with-
out DM, it is very important to control relevant risk factors including blood pressure, dyslipid-
emia, body weight, and smoking, in addition to blood glucose levels [1]. The Steno-2 study re-
ported that the comprehensive management of various cardiovascular risk factors in diabetes 
patients could reduce the incidence of cardiovascular disease by up to 53%; therefore, it is con-
textually very important to control these risk factors in this patient population [2]. 

Dyslipidemia is the most significant risk factor for atherosclerosis and cardiovascular diseas-
es, regardless of the presence of diabetes. In the present review, I would like to discuss the risk 
status of dyslipidemia in patients with DM by reviewing recent studies that investigated treat-
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ments and the latest guidelines on dyslipidemia treatments 
in patients with DM.

DYSLIPIDEMIA IN PATIENTS WITH DM

According to the 2018 Diabetes Fact Sheet of the Korean Dia-
betes Association, hypercholesterolemia, defined as a total 
cholesterol level equal to or higher than 240 mg/dL or the 
use of lipid-lowering medication, was detected in 34.9% of 
Korean patients with DM aged ≥30 years, while the control 
rate was 44.2% based on the results of the 2013 to 2016 Kore-
an National Health and Nutrition Examination Survey [3]. 
The Dyslipidemia Fact Sheet of the Korean Society of Lipid 
and Arteriosclerosis revealed that the prevalence of dyslipid-
emia was approximately 2.3 times higher in DM patients than 
in non-diabetes subjects, even when dyslipidemia was more 
broadly defined [4]. In addition, the control rate was 44.2% 
when the target for low-density lipoprotein cholesterol 
(LDL-C) was set to ≤100 mg/dL. Based on these findings, at 
least three of 10 adult Korean diabetes patients have hyper-
cholesterolemia, and only four of 10 patients are able to con-
trol cholesterol levels to achieve target levels, suggesting 
that more active treatment is needed. 

Numerous studies on cardiovascular disease prevention 
that investigate the effects of statins report results that could 
be summarized as “The lower, the better” [5]. The Adult Treat-
ment Panel (ATP) I, which is regarded to be the first in the ge-
nealogy of dyslipidemia treatment guidelines, first proposed 
the targeting of LDL-C levels as a goal to prevent cardiovascu-
lar diseases [6]. Most subsequent guidelines have also pro-
posed lowering LDL-C levels as the goal. Although dyslipid-
emia in individuals with type 2 DM is characterized by high tri-
glyceride, low high-density lipoprotein cholesterol (HDL-C), 
and high small-dense LDL levels, which leads to atherosclero-
sis, even in patients with DM, the risk of cardiovascular diseas-
es decreases as LDL-C levels decrease [7].

In a sub-study from the United Kingdom Prospective Dia-
betes Study (UKPDS), the representative intervention study 
for the cardiovascular complications in type 2 DM, the most 
influential factor that affected the risk of coronary artery dis-
ease was the LDL-C level instead of the glycated hemoglobin, 
followed by HDL-C [8]. This result suggests that lowering 
LDL-C levels to the target level is the most important factor in 
the prevention of cardiovascular disease, even in patients 
with DM. Moreover, reducing LDL-C levels by 1 mmol/L can 
reduce coronary artery disease by 36%.

According to the results of a recent analysis involving 

271,174 patients with type 2 DM and 1,355,870 normoglyce-
mic individuals registered in the Swedish National Diabetes 
registry, coronary artery disease exhibited a significantly lin-
ear correlation with LDL-C levels, unlike mortality or stroke, 
confirming the importance of lowering LDL-C levels to the 
recommended target values in the prevention of cardiovas-
cular diseases [9]. 

CLINICAL TRIALS ON DYSLIPIDEMIA IN 
PATIENTS WITH TYPE 2 DM 

Only a handful of primary prevention studies have examined 
the association between dyslipidemia treatment and cardio-
vascular diseases in patients with DM. The Collaborative 
Atorvastatin Diabetes Study (CARDS) [10] examined the time 
of onset of cardiovascular diseases as the primary efficacy 
endpoint by assigning 2,838 patients with type 2 DM and 
with LDL-C levels ≤160 mg/dL without a history of coronary 
artery disease to either a 10-mg atorvastatin group or a pla-
cebo group. The study was terminated almost 2 years earlier 
than initially planned due to the significant effect of atorvas-
tatin on cardiovascular disease prevention observed from 
the early stage of the study. In the group that received the 10-
mg atorvastatin, the incidence of myocardial infarction and 
stroke was 42% and 48% lower than those of the placebo 
group, respectively. The CARDS study has since been regard-
ed as the most important study on the effect of statins and 
LDL-C lowering on the prevention of cardiovascular diseases 
in patients with DM in most guidelines.

The Cholesterol Treatment Trialists’ Collaborators study 
compiled and analyzed clinical studies that investigated the 
effect of statins on the reduction of cardiovascular disease 
risk by reducing LDL-C levels in 18,686 patients with DM and 
71,370 normal controls [11]. In the aforementioned study, a 
1-mmol/L reduction in LDL-C level resulted in a 9% reduction 
in mortality and a 21% reduction in cardiovascular diseases. 
This result was similar to that observed in non-diabetic sub-
jects and was independent of the presence or absence of ex-
isting cardiovascular diseases, demonstrating that a reduc-
tion in LDL-C levels in patients with DM through statin treat-
ment is very important for the prevention of cardiovascular 
diseases. 

While the latest guidelines have recommended only sta-
tin-based treatments, ezetimibe, a drug that inhibits choles-
terol absorption from the small intestine, has been intro-
duced to the market. Ezetimibe lowers cholesterol in the 
blood by blocking Niemann-Pick C1-like 1 proteins, which 
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are responsible for absorbing cholesterol in the pericytes of 
the small intestine wall and in hepatocytes, thereby enabling 
cholesterol to be excreted in the stool [12]. The IMProved Re-
duction of Outcomes: Vytorin Efficacy International Trial (IM-
PROVE-IT), which examined the effect of ezetimibe in 18,144 
patients with acute coronary syndrome, compared the inci-
dence of cardiovascular diseases between a simvastatin 40 
mg/ezetimibe 10 mg group and a simvastatin 40 mg group 
[13]. After 6 years of follow-up, the mean LDL-C concentration 
at the end of the study was 53.7 mg/dL in the simvastatin/
ezetimibe group and 69.5 mg/dL in the simvastatin group. 
This result demonstrated that the additional administration 
of ezetimibe was effective in patients who were receiving sta-
tin, since the incidence of cardiovascular diseases as the pri-
mary endpoint was reduced by 6%—a difference that was 
significant—in the group that additionally received ezeti-
mibe. In addition, when the results of the 4,933 patients with 
DM included in the aforementioned study were analyzed 
separately, the effect of this drug was greater in patients with 
DM than in non-diabetic subjects [14]. The results of this 
study provided evidence to support the use of ezetimibe for 
the prevention of cardiovascular diseases in patients with 
DM, and ezetimibe could be recommended in guidelines as a 
drug that can be administered after statin treatment.

The most significant change in dyslipidemia treatment in 
the latest guidelines is the recommendation for the use of a 
proprotein convertase subtilisin/kexin type 9 (PCSK9) inhibi-
tor as a subsequent step after treatment with statin and eze-
timibe [15,16]. PCSK9 is a member of the proprotein conver-
tase family that binds to and degrades LDL receptors [17]. 
PCSK9 inhibitors inhibit the action of PCSK9 and lower LDL-C 
levels in the blood by promoting the expression of more LDL 
receptors on the surface of hepatocytes and other cells. In 
the latest PCSK9 inhibitor studies, such as the Further Car-
diovascular Outcomes Research With PCSK9 Inhibition in 
Subjects With Elevated Risk (FOURIER) and ODYSSEY, the car-
diovascular disease prevention effect of this drug was demon-
strated in patients already on statins, as it additionally lowered 
the LDL-C level and the risk of cardiovascular diseases [18,19]. 
In addition, a recently published sub-analysis demonstrated 
better outcomes in patients with DM than in non-diabetic pa-
tients, and the addition of PCSK9 inhibitor was recommended 
with caution for patients with DM [20]. 

Unlike drugs that lower LDL-C levels, those that target tri-
glyceride levels did not perform as expected. Fibrate, a repre-
sentative triglyceride-lowering drug, did not demonstrate a 
significant cardiovascular disease prevention effect in the 

Fenofibrate Intervention and Event Lowering in Diabetes 
study and the Action to Control Cardiovascular Risk in Diabe-
tes (ACCORD) Lipid Trial in patients with DM, but demonstrat-
ed a borderline effect in the subgroup with high triglyceride 
and low HDL-C levels in the ACCORD study [21,22]. As a re-
sult, it was not strongly recommended in the guidelines. 
Omega-3, another triglyceride-lowering drug, also demon-
strated no significant preventive effect; however, in the re-
cently published Reduction of Cardiovascular Events with 
Icosapent Ethyl–Intervention Trial (REDUCE-IT) study, it demon-
strated a significant preventive effect on cardiovascular dis-
eases (25%) when it was administered only as a component 
of eicosapent ethyl 2 g twice daily [23]. Furthermore, the re-
sults from a sub-analysis in patients with DM revealed signifi-
cant preventive effects. However, it remains controversial 
because this is the result of only one study that investigated 
the effect of a special formula, the eicosapent ethyl compo-
nent in quite high dosage of 2 g twice a day.

DYSLIPIDEMIA TREATMENT GUIDELINES 
FROM INTERNATIONAL ASSOCIATIONS 

The history of the establishment of dyslipidemia guidelines 
closely follows that of the National Cholesterol Education Pro-
gram expert panel on detection, evaluation, and treatment of 
high blood cholesterol in the National Cholesterol Education 
Program-Adult Treatment Panel (NCEP-ATP). ATP I, published 
in 1988, first emphasized that the prevention of cardiovascular 
diseases should focus on lowering LDL-C levels, and ATP II, re-
leased in 1993, recommended different treatments for risk 
groups divided according to risk factors and risk degrees [6,24]. 
ATP III, published in 2001, emphasized that the LDL-C concen-
tration in the high-risk group should be <100 mg/dL, and DM 
was included in the ‘coronary artery disease equivalent group’ 
and was classified as a high-risk group [25]. In the updated ATP 
III guideline, metabolic syndrome was defined as having three 
among five risk factors, and diabetic patients with cardiovascu-
lar diseases were classified as a very high-risk group for which 
the target LDL-C level of <70 mg/dL was considered [7].

After nearly 10 years of waiting for ATP IV, the American 
College of Cardiology/American Heart Association (ACC/AHA) 
guidelines were published in 2013 [26]. In these guidelines, 
the target level of LDL-C was eliminated. Additionally, pa-
tients between the ages of 40 and 75 years with cardiovascu-
lar diseases and an LDL-C level ≥190 mg/dL, and patients 
between the ages of 40 to 75 years with DM and a cardiovas-
cular disease risk level of at least 7.5% were included in the 
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four ‘statin benefit groups.’ Those who fulfilled these criteria 
were recommended to use statins with at least moderate in-
tensity, by classifying statins into three groups of high, mod-
erate, and low intensity. However, these guidelines were not 
easily endorsed by many associations because they did not 
take into account ethnic differences, in that, most of the 
studies mentioned were conducted in Caucasian popula-
tions. Additionally, these guidelines were not easily endorsed 
because LDL-C target levels were eliminated from them, with 
virtually no mention of recommendations for non-statin 
treatments.

The European Society of Cardiology (ESC) guidelines, pub-
lished in 2016, did not follow the 2013 ACC/AHA guidelines 
but used the existing risk group classification [27]. Diabetic 
patients with target organ damage were classified as an ul-
tra-high-risk group, whereas those without target organ 
damage were classified as a high-risk group. Recommenda-
tions were made to adjust the LDL-C target value lower than 
100 and 70 mg/dL for high-risk and very high-risk groups, re-
spectively. The 2019 ESC guidelines, on diabetes in collabo-
ration with European Association for the Study of Diabetes, 
published last year, categorized diabetic patients according 
to disease duration [28]. Patients with type 1 DM with a dis-
ease duration of ≥20 years were classified as the very high-
risk group and patients with type 2 DM for >10 years were 
classified as the high-risk group (Table 1). In addition, these 
guidelines recommended even lower LDL-C target goals in 
patients with DM: 55 mg/dL for the very high-risk group and 

<70 mg/dL for the high-risk group. This emphasizes that pa-
tients with DM are at a high cardiovascular risk (Table 2). Al-
though LDL-C is the primary target, and the main treatment 
modality is statin, the administration of ezetimibe followed 
by PCSK9 inhibitors is recommended if the goal is not achieved 
or when side effects occur. Interestingly, for patients who ex-
hibit persistently high triglyceride levels despite statin adminis-
tration according to the previously reported results of the RE-
DUCE-IT study, the administration of eicosapent ethyl 2 g twice 
daily is recommended, with a recommendation level of IIa [23].

The ACC/AHA guidelines revised in 2019 made several chang-
es to the recommendations for primary prevention, such as 
suggesting a risk enhancing factor in patients with DM. These 
guidelines recommended the use of high-intensity statin when 
there are risk factors such as DM of long duration, albuminuria, 
estimated glomerular filtration rate (eGFR) <60 mL/min/1.73 
m2, retinopathy, neuropathy, and ankle-brachial index <0.9 
[15]. In addition, the LDL-C target level reappeared, which indi-
cated that a subsequent treatment could be added if an LDL-C 
level of 70 mg/dL is not achieved despite appropriate statin ad-
ministration. The American Diabetes Association guidelines 
recommend that the summary of details for patients with DM 
be taken from the 2013 and 2019 ACC/AHA guidelines (Table 1). 
Additionally, the primary recommended treatment is statin, 
followed by ezetimibe and PCSK9 inhibitors (Table 2). 

The Korean Society of Lipid and Arteriosclerosis published 
the 4th edition of treatment guidelines. The history of these 
guidelines is quite similar to that of the ATP guidelines, with 

Table 1. Recommendations for risk categories from various guidelines for patients with diabetes    

ACC/AHA/ADA 
(2019)

ESC  
(2019)

Korean Diabetes Association 
(2019)

Korean Society of Lipid 
and Atherosclerosis 

(2018)

Diabetes only Intermediate risk Moderate risk: young patient with  
T1DM duration >10 years without 
risk factors  
High risk: duration >10 years  
or additional risk factors 

High risk High risk

Diabetes+multiple
risk factors 

High risk Very high risk: target organ damagea), 
three or more risk factorsb), T1DM 
duration >20 years

Very high risk: albuminuria, target 
organ damage such as eGFR <60 
mL/min/1.73 m2, major risk 
factorsc)

Very high risk: could 
include target organ 
damagea) or major risk 
factorsc)

Diabetes+ASCVD Very high risk Very high risk Very high risk Very high risk

ACC/AHA/ADA, American College of Cardiology/American Heart Association/American Diabetes Association; ESC, European Society of Cardiology; 
T1DM, type 1 diabetes mellitus; eGFR, estimated glomerular filtration rate; ASCVD, atherosclerotic cardiovascular disease. 
a)Proteinuria, renal impairment defined as eGFR <30 mL/min/1.73 m2, left ventricular hypertrophy, or retinopathy; b)Age, hypertension, dyslip-
idemia, smoking, and obesity; c)Age (men ≥45 years, women ≥55 years), family history of premature ASCVD, hypertension, smoking, and low 
high-density lipoprotein cholesterol level. 
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Table 2. Recommendations for treatment targets from various guidelines for patients with diabetes

ACC/AHA/ADA (2019) ESC (2019)

Korean  
Diabetes  

Association 
(2019)

Korean Society 
of Lipid and 

Atherosclerosis 
(2018)

Diabetes only Aged 40–75 years and >75 years without atherosclerotic 
cardiovascular disease: moderate-intensity statin

LDL-C level <100 mg/dL (mod-
erate) ≥50% reduction from 
baseline and LDL-C level <70 
mg/dL (high risk)

LDL-C level 
<100 mg/dL

LDL-C level 
<100 mg/dL

Diabetes+multiple 
risk factors 

All ages with 10 years atherosclerotic cardiovascular 
disease risk >20%: high-intensity statin therapy 

<40 years with additional atherosclerotic cardiovascular 
disease risk factors: moderate-intensity statin

≥50% reduction from baseline 
and LDL-C level <55 mg/dL 
(very high risk)

LDL-C level 
<70 mg/dL

LDL-C level 
<70 mg/dL

Diabetes+ASCVD All ages with diabetes and ASCVD: high-intensity statin
therapy 

If LDL-C level is ≥70 mg/dL on maximally 
tolerated statin dose, additional LDL-lowering 
therapy (such as ezetimibe or PCSK9 inhibitor). 
Ezetimibe may be preferred due to lower cost. 

≥50% reduction from baseline 
and LDL-C level <55 mg/dL

LDL-C level 
<70 mg/dL

LDL-C level 
<70 mg/dL

ACC/AHA/ADA, American College of Cardiology/American Heart Association/American Diabetes Association; ESC, European Society of Cardiology; 
LDL-C, low-density lipoprotein cholesterol; ASCVD, atherosclerotic cardiovascular disease; PCSK9, proprotein convertase subtilisin/kexin type 9.

the 1st edition published in 1996 [29]. In these guidelines, DM 
belongs to the high-risk group, and it can be elevated to the 
very high-risk group if accompanied by target organ damage 
or a significant cardiovascular disease risk factor (Table 1). In 
the guidelines, it is recommended that the LDL-C level be 
lowered to 100 and 70 mg/dL for the high-risk and the very 
high-risk groups, respectively (Table 2).

KOREAN DIABETES ASSOCIATION 
TREATMENT GUIDELINES, 6TH EDITION 

Although many guidelines have been proposed, as described 
earlier, it is more convenient to refer to the guidelines of the 
Korean Diabetes Association, which is as follows [30]: 

1.  Serum lipid tests (total cholesterol, HDL-C, triglyceride, 
and LDL-C) should be performed at the time of DM diag-
nosis and at least once per year. Tests are conducted be-
fore and after 4 to 12 weeks of starting drug administra-
tion to assess response to drug and compliance (E, I).

2.  In patients with DM and without cardiovascular disease, 
lower the LDL-C level to <100 mg/dL (A, I).

3.  In patients with DM and with cardiovascular disease, 
lower the LDL-C level to <70 mg/dL (A, I).

4.  In patients with DM, target organ damage, and conditions 
such as albuminuria and chronic kidney disease (eGFR 
<60 mL/min/1.73 m2) or risk factors such as hyperten-

sion, smoking, and/or family history of early-onset coro-
nary artery disease, lower the LDL-C level to <70 mg/dL 
(B, IIa).

5.  The target goal is <150 mg/dL for triglycerides or >40 
mg/dL in men and >50 mg/dL in women for HDL-C. To 
this end, lifestyle modification should be actively recom-
mended, and strict glucose control is recommended (C, I).

6.  In patients with dyslipidemia, education for active life 
style modification is recommended (A, I).

7.  In patients with DM and dyslipidemia, statins are used as 
the first-line treatment (A, I).

8.  Consider the addition of ezetimibe or PCSK9 inhibitors if 
the LDL-C target is not achieved with the maximum toler-
able dose of statin in patients with DM and with cardio-
vascular diseases. However, ezetimibe is preferred for fi-
nancial reasons (B, IIa).

9.  Addition of ezetimibe may be considered in patients with 
DM without cardiovascular diseases who do not achieve 
LDL-C target levels with the maximum tolerable dose of 
statin (C, IIb).

In the 6th edition of the treatment guidelines of the Korean 
Diabetes Association, the strategies of drug treatment for dys-
lipidemia in patients with DM are illustrated in detail (Fig. 1). 
First, the presence of cardiovascular disease, target organ dam-
age, or major risk factors for cardiovascular diseases should be 
assessed and the LDL-C target values should be set (Table 1). If 



138 http://pfmjournal.org

Dyslipidemia guidelines for diabetes mellitus

the basal LDL-C level does not meet the target, statin adminis-
tration is started first, and LDL-C test is performed 4 to 12 weeks 
after the start of administration to determine whether the tar-
get has been achieved and whether there are any side effects 
(Table 2). Maintain existing statin treatment if the target is 
achieved; otherwise, consider combining or replacing with 
other agents if the target is not achieved or if there are any side 
effects. 

CONCLUSION

Tables 1, 2 summarize the content of this review. Although it 
may appear complicated, the recommended LDL-C target 
level for patients with DM is <70 and <55 mg/dL in patients 
at a higher risk; however, there is little supportive evidence 
for this value. For treatment, statins may be considered first, 
followed by ezetimibe and, in rare cases, even PCSK9 inhibi-
tors. In Korea, PCSK9 inhibitors has been covered by insur-
ance since January 2020 in very high-risk group patients for 
CVD, heterozygous familial hypercholesterolemic patients 
and patients with statin intolerance. What is important is that 
the risk of cardiovascular diseases in patients with DM is high 

and, therefore, treatment of dyslipidemia in patients with DM 
is critical for the prevention and treatment of cardiovascular 
diseases. Considering that the risk of cardiovascular mortali-
ty remains high despite aggressive treatment possibly due to 
the fact that the control rate of dyslipidemia does not reach 
100%, it is very important to provide appropriate treatment 
to achieve target LDL-C levels after appropriate risk assess-
ment.
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