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Retinopathy is a typical microvascular 
complication of diabetes and is mainly caused by 
hyperglycemia. Cardiovascular (CV) diseases, such as 
coronary artery disease and stroke, are macrovascular 
complication of diabetes, and dyslipidemia is deeply 
involved in its etiology. Epidemiological studies have 
shown that diabetic patients with retinopathy have 
higher incidence of CV events and death compared to 
those without retinopathy. Therefore, diabetic 
retinopathy has a very high risk of CV disease. The 
intEnsive statin therapy for hyper-cholesteroleMic 
Patients with diAbetic retinopaTHY (EMPATHY) 
study was a primary prevention trial investigating the 
incidence of CV events with intensive or standard 
statin therapy in patients with hypercholesterolemia 
and diabetic retinopathy1). As a result, there was no 
significant reduction in CV outcomes with intensive 
care, probably due to the slight difference in LDL-
cholesterol (-C) between the intensive and standard 
treatment groups. Nonetheless, a sub-analysis of the 
EMPATHY study provided unexpected results suggesting 
that dyslipidemia is associated with diabetic retinopathy. 

In this issue of the Journal of Atherosclerosis and 
Thrombosis, Nakayama et al.2) reported that small 
dense (sd) LDL-C was not only a sensitive marker for 
predicting CV events but also a marker for predicting 
the need for laser treatment. Laser treatment is used to 
prevent the exacerbation of retinopathy, so sdLDL-C 
can be considered as a predictor of exacerbation of 
diabetic retinopathy. This study is unique in 
suggesting that dyslipidemia affects both the 
microangiopathy and macroangiopathy. SdLDL 
particles are thought to be more atherogenic than 
large buoyant LDL particles, because they have a long 
residence time in the blood circulation, easily 
penetrate into the arterial wall, and are easily oxidized. 

These properties facilitate the production of toxic 
oxidized-LDL in the subendothelial space and 
promote plaque formation. We established a fully 
automated assay kit for quantifying sdLDL-C levels3), 
and this assay system has been adopted in famous 
cohort studies, such as the Suita, the ARIC, the 
Hisayama, and the Framingham Offspring. All studies 
have consistently proven that sdLDL-C is superior to 
LDL-C in predicting CV events. The present study 
demonstrated that triglyceride (TG), TG-rich 
lipoprotein (TRL) -C, and sdLDL-C can all predict 
CV events. However, the predictive power of 
sdLDL-C for CV events was lost in subjects with 
higher TG levels (＞113 mg/dl). It should be noted 
that unlike other studies, all participants in the 
EMPATHY study had type 2 diabetes. In addition, 
the CV events in this study included renal outcomes1, 2) 
in which TG metabolism would be significantly 
impaired. They may enhance the impact of TG and 
TRL-C on CV events and relatively mask the 
atherogenicity of sdLDL-C. SdLDL-C correlated 
more closely with apolipoprotein B than LDL-C, 
suggesting that the number of LDL particles is a 
major determinant of sdLDL-C concentration. There 
is plenty of evidence that LDL particle numbers are 
superior to LDL-C in predicting CV events. 

Few studies have investigated specific changes in 
plasma lipids in diabetic retinopathy. Diabetic 
retinopathy often coexists with diabetic nephropathy, 
and albuminuria and/or renal dysfunction strongly 
affects plasma lipoprotein metabolism4). Therefore, 
the relationship between diabetic retinopathy and 
plasma lipids should take into account the presence of 
diabetic nephropathy. The authors analyzed that 
serum creatinine and sdLDL-C were independently 
associated with the need for laser treatment. Therefore, 
it is possible that sdLDL-C is directly associated with 
diabetic retinopathy, regardless of nephropathy. As the 
authors introduced, fenofibrate, a TG-lowering drug, 

Copyright©2022 Japan Atherosclerosis Society
This article is distributed under the terms of the latest version of CC BY-NC-SA defined by the Creative Commons Attribution License.

Address for correspondence: Tsutomu Hirano, Diabetes Center, Ebina General Hospital, Kawaharaguchi 1320 Ebina City, Kanagawa, Japan, 243-0433      
E-mail:  hirano@med.showa-u.ac.jp

Received: April 20, 2021      Accepted for publication: April 22, 2021

Small Dense LDL Tied to Diabetic Retinopathy-Similarity to 
Atherosclerosis 

Tsutomu Hirano

Diabetes Center, Ebina General Hospital, Kanagawa, Japan 



Hirano

578

Conflicts of Interest

Tsutomu Hirano receives advisor fee from Denka 
Co., and lecture fee from Kowa Co. 

References
1) 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, Murohara 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: Diabetes Care, 2018; 41: 1275-1284

2) Nakayama A, Morita H, Sato T, Kawahara T, Takeda N, 
Kato S, Itoh H, MD, Komuro I: Small dense low-density 
lipoprotein cholesterol is a potential marker for predicting 
laser treatment for retinopathy in diabetic patients. J 
Atheroscler Thromb, 2022; 29: 678-691

3) Ito Y, Fujimura M, Ohta M, Hirano T: Development of a 
homogeneous assay for measurement of small dense LDL 
cholesterol. Clin Chem, 2011; 57: 57-65

4) Hirano T: Pathophysiology of Diabetic Dyslipidemia. J 
Atheroscler Thromb, 2018; 25: 771-782

5) ACCORD Study Group; ACCORD Eye Study Group, 
Chew EY, Ambrosius WT, Davis MD, Danis RP, 
Gangaputra S, Greven CM, Hubbard L, Esser BA, Lovato 
JF, Perdue LH, Goff DC Jr, Cushman WC, Ginsberg 
HN, Elam MB, Genuth S, Gerstein HC, Schubart U, 
Fine LJ. ACCORD Study Group: N Engl J Med, 2010; 
363: 233-244

6) Tokuno A, Hirano T, Hayashi T, Mori Y, Yamamoto T, 
Nagashima M, Shiraishi Y, Ito Y, Adachi M: The effects of 
statin and fibrate on lowering small dense LDL-
cholesterol in hyperlipidemic patients with type 2 
diabetes. J Atheroscler Thromb, 2007; 14: 128-132

7) Kashiwazaki K, Hirano T, Yoshino G, Kurokawa M, 
Tajima H, Adachi M: Decreased release of lipoprotein 
lipase is associated with vascular endothelial damage in 
NIDDM patients with microalbuminuria. Diabetes Care, 
1998; 21: 2016-2020

8) Haffner SM, Mykkänen L, Robbins D, Valdez R, 
Miettinen H, Howard BV, Stern MP, Bowsher R: A. 
preponderance of small dense LDL is associated with 
specific insulin, proinsulin and the components of the 
insulin resistance syndrome in non-diabetic subjects. 
Diabetologia, 1995; 38: 1328-1336

9) Reiter CE, Wu X, Sandirasegarane L, Nakamura M, 
Gilbert KA, Singh RS, Fort PE, Antonetti DA, Gardner 
TW: Diabetes reduces basal retinal insulin receptor 
signaling: reversal with systemic and local insulin. 
Diabetes, 2006; 55: 1148-1156

10) Takiwaki M, Tomoda F, Koike T, Taki T, Inoue H, Kigawa 
M, Kitajima I, Uji Y: Increased levels of small dense low-
density lipoprotein cholesterol associated with hemorheological 
abnormalities in untreated, early-stage essential 
hypertensives. Hypertens Res, 2014; 37: 1008-1013

suppressed the need for laser treatment in patients 
with type 2 diabetes (the FIELD study). Another well-
known study, the ACCORD eye trial, also found that 
intensive care of dyslipidemia with fenofibrate and 
simvastatin slowed the progression of diabetic 
retinopathy5). Plasma TG levels are the most powerful 
determinant of LDL particle size and highly correlates 
with sdLDL-C4). We reported that fenofibrate and 
pitavastatin equally reduced sdLDL-C in diabetic 
patients6). Therefore, these lipid-lowering drugs may 
suppress the progression of retinopathy through a 
decrease in sdLDL-C. 

The authors speculate that sdLDL-C has harmful 
effects on the vascular structure and function, 
including retina as shown in Figure 9 of their article2). 
However, it is unclear whether sdLDL particles can 
penetrate into the arterial wall of the retina in the 
same way as the coronary arteries. Similar issues are 
being discussed for diabetic nephropathy (the lipid-
nephrotoxicity hypothesis). How can we explain the 
close relationship between sdLDL-C and diabetic 
retinopathy when sdLDL particles cannot enter the 
walls of microvessels? There are some speculations. 
First, retinopathy may reflect widespread vascular 
endothelial damage, leading to a decrease in functional 
l ipoprotein l ipase (LPL) anchored to the 
endothelium7). LPL is a rate-limiting enzyme for TG 
lipolysis and a suppressor for sdLDL generation4). 
SdLDL-C may respond sensitively to a decrease in 
LPL of damaged vascular endothelium. Second, 
insulin resistance stimulates the production of sdLDL, 
and conversely, sdLDL-C is a sensitive marker of 
insulin resistance8). The retina expresses amount of 
insulin receptors equivalent to the liver and brain, and 
insulin receptor signaling is important for retinal 
physiology9). SdLDL-C may reflect impaired insulin 
signals, including the retina. Third, dyslipidemia often 
impairs blood rheology, which can exacerbate diabetic 
retinopathy. Takiwaki et al.10) reported that sdLDL-C 
was the most strongly associated with blood viscosity 
among lipid parameters. These speculations could be 
explained by TG instead of sdLDL-C. However, 
sdLDL has a much longer residence time in the blood 
circulation than TRLs, making sdLDL-C a more 
stable biomarker than TG for detecting decreased 
LPL, insulin resistance, and abnormal blood rheology. 
In the present sub-analysis study, only a relatively 
small number of patients could investigate eye 
outcomes. Therefore, it is difficult to compare 
intensive statins to standard statins for the need for 
laser treatment. A prospective intervention trail with 
statins or fibrates will be required to determine if 
sdLDL-C is causally associated with diabetic retinopathy. 
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