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Abstract
Hypertriglyceridemia, which often leads to both low-density lipoprotein (LDL) and high-density lipoprotein (HDL) metabolic 
disorders, is a strong risk factor for the development of atherosclerotic cardiovascular disease (ASCVD). We hypothesized 
that the triglyceride (TG)/HDL cholesterol (TG/HDL-C) ratio may be more useful for estimation of the LDL-particle size, 
as a well-known risk factor for ASCVD, as compared to the serum TG level per se. Polyacrylamide gel electrophoresis was 
used in this study to estimate the LDL-particle size [relative LDL migration (LDL-Rm value)] in 649 consecutive patients 
with one additional risk factor for ASCVD. Multivariable regression analysis identified both serum TG (β = 0.556, p < 0.0001) 
and the serum TG/HDL-C ratio (β = 0.607, p < 0.0001) as independent indicators of the LDL-particle size. In terms of evalu-
ation of the accuracy of indicators of LDL-Rm values equal to or greater than 0.40, which are suggestive of the presence of 
large amounts of small-dense LDL and represent the upper limit (mean + 2 standard deviation) of the normal range in this 
population, both the serum TG level and serum TG/HDL-C ratio showed high accurate areas under the receiver-operating 
characteristic curve (0.900 vs. 0.914), but with a negative likelihood ratio of 0.506 vs. 0.039, indicating that the TG/HDL-C 
ratio model is superior for excluding patients with values below the cutoff value and with LDL-Rm values ≥ 0.40. Further-
more, in 456 patients followed up for at least 1 year, multivariable regression analysis identified increased serum TG/HDL-C 
ratio as an independent predictor of a decreased LDL-particle size. These results suggest that the serum TG/HDL-C ratio may 
be more useful for assessing the risk of ASCVD as compared to the serum TG level per se. To reduce the risk of ASCVD, 
it may be important to focus not only on changes of the serum LDL-C, but also on those of the serum TG/HDL-C ratio.
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Introduction

Usefulness of low-density lipoprotein cholesterol (LDL-C)-
lowering therapy has been established on the ground of the 
results of large-scale clinical studies conducted to verify the 
effects of statins [1, 2], statins plus concomitant ezetimibe 

therapy [3], and treatment with a proprotein convertase 
subtilisin/kexin type 9 (PCSK9) inhibitor in preventing 
the development of atherosclerotic cardiovascular disease 
(ASCVD) [4]. It is considered inevitable, therefore, to also 
emphasize countermeasures against residual independent 
risk factors, such as hypertriglyceridemia and depressed 
serum high-density lipoprotein cholesterol (HDL-C) [5].

However, large-scale clinical studies have so far failed to 
demonstrate the usefulness of reducing the serum triglycer-
ide levels with fibrates, or elevating the serum HDL-C levels 
using cholesteryl transfer protein (CETP) inhibitors or niacin 
for preventing ASCVD [6].

Thus, a number of problems remain to be resolved in 
regard to countermeasures against elevated serum triglyc-
eride (TG) levels and reduced serum HDL-C, which give 
rise to downsizing of the LDL-particle size (LDL parti-
cle size has been shown as an atherogenic risk factor for 
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ASCVD, independent of the serum LDL-C); management 
of these factors in the clinical setting entails difficulties [5]. 
Hypertriglyceridemia is the primary factor that facilitates 
downsizing of LDL particles and has a profound impact on 
HDL metabolism and is thereby associated with depressed 
serum HDL-C. Hypertriglyceridemia and depressed serum 
HDL-C are closely related disorders of lipid metabolism, 
and epidemiologic studies have led to recognition of the 
serum TG/HDL-C ratio as a more reliable risk marker of 
ASCVD [7, 8].

The methods usually employed to measure the LDL-
particle size are density gradient ultracentrifugation, non-
denaturing gradient gel electrophoresis, and nuclear mag-
netic resonance spectroscopy; however, these are difficult to 
apply in clinical settings, due to their cost and complexity 
[9]. The only procedurally simple method for assessing the 
LDL-particle size that is currently practicable on a com-
mercial basis in Japan is polyacrylamide gel electrophoresis 
(PAGE) [10, 11].

On the grounds of the above mentioned, we hypothesized 
that the TG/HDL-C ratio, which is a straightforward marker 
of the serum levels of TG level and HDL-C is a more reliable 
predictor of the LDL-particle size than the serum TG level 
per se, and may be applicable as a new tool for assessing 
the risk of ASCVD when used in combination with PAGE, 
which enables simple estimation of the LDL-particle size in 
the clinical practice setting.

The objective of this study was to attempt evaluation of 
the risk of ASCVD using PAGE-assessed LDL-particle size 
and TG/HDL-C ratio using cross-sectional and longitudinal 
research designs.

Methods

Study design and study populations

This study was designed as a hospital-based cross-sectional 
and longitudinal study to investigate the relationships 
between the serum TG/HDL-C ratio and LDL-heterogeneity, 
as assessed by PAGE, in patients with one or more risk fac-
tors for ACVD. Furthermore, we examined the relationship 
between the changes in the TG/HDL-C ratio and the change 
in the LDL-particle size in cases in which additional meas-
urements could also be conducted 1 year later. This study 
is a subanalysis of our previous study [10]. The study was 
conducted on a sample of 700 consecutive outpatients who 
had undergone regular examinations and blood examinations 
at the Cardiovascular Center, Surugadai Nihon University 
Hospital, between April 2009 and October 2009.

The criterion for patient registration in the cross-sec-
tional study was the presence of one or more risk factors 
for ASCVD. The ASCVD risk factors and criteria for 

their diagnosis used in this study were hypertension (sys-
tolic pressure ≥ 140 mm Hg and/or diastolic blood pres-
sure ≥ 90 mm Hg, or taking antihypertensive medication); 
diabetes mellitus (fasting plasma glucose ≥ 126 mg/dL and/
or HbA1c ≥ 6.5%, or current treatment with anti-diabetic 
agents); dyslipidemia (serum LDL-C ≥ 140 mg/dL, serum 
TG ≥ 150 mg/dL and/or serum HDL-C < 40 mg/dL, or 
taking lipid-lowering medication); chronic kidney disease 
[CKD; the severity of the CKD was determined on the basis 
of the estimated glomerular filtration rate (GFR) using the 
abbreviated Modification of Diet in Renal Disease (MDRD) 
Study equation modified by a Japanese coefficient] [12].

Patients were not enrolled if they met any of the following 
exclusion criteria: presence of hepatic dysfunction (serum 
alanine aminotransferase and aspartate aminotransferase 
levels ≥ 2 times the upper limit of normal), known malig-
nant disease, diagnosis of acute coronary syndrome within 
3 months prior to the study, and/or serum TG ≥ 400 mg/dL.

The study designs and objective were approved by the 
Surugadai Nihon University Hospital Ethics Committee.

Measurement of laboratory parameters

Fasting blood samples were collected in the early morning 
after the subjects had fasted for 12 h. The serum levels of 
total cholesterol (TC), HDL-C and TG were measured by 
the standard methods. Serum LDL-C was estimated using 
the Friedewald formula [13]. The remnant-like particles’ 
cholesterol (RLP-C) level was measured by an immunoad-
sorption assay (SRL Co., Ltd., Tokyo, Japan). The serum 
apolipoprotein (apo) level was determined by turbidimetric 
latex agglutination assays (Daiichi Pure Chemicals Co., Ltd., 
Tokyo, Japan). The malondialdehyde-modified LDL (MDA-
LDL) level was measured by an enzyme-linked immuno-
sorbent assay (SRL). The high-sensitivity C-reactive pro-
tein (hs-CRP) level was measured by a nephelometric assay 
(Behring Diagnostic Marburg, Germany).

Measurement of the LDL‑Rm values

Relative migration LDL (LDL-Rm), an indicator of the 
LDL-particle size, was measured relative to the mobility 
value of LDL by performing PAGE with the LipoPhor sys-
tem (Joko, Tokyo, Japan). The LDL-Rm value was calcu-
lated as the distance between the very low density lipopro-
tein (VLDL) peak and the LDL peak divided by the distance 
between the VLDL peak and the HDL peak (Fig. 1). Several 
studies have reported that LDL-Rm values ≥ 0.40 suggest 
the presence of a large amount of small-dense (sd)-LDL in 
the LDL fraction [9, 14, 15]. In particular, Hirano, et al. 
demonstrated that LDL-Rm = 0.40 corresponded to an LDL 
diameter of 25.5 nm as determined by PAGE, which is the 
cutoff value to distinguish LDL size phenotype A (large 
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buoyant LDL) from LDL phenotype B (sd-LDL) [9]. The 
subjects of this study were not healthy persons in the general 
population, but the upper limit of the reference interval of 
the subjects’ LDL-Rm values (mean ± 2 standard deviations 
(SDs) [covering 95‰ of the population: 0.350 ± 0.058]) 
was 0.408, and approximately the same as the value of 0.40 
reported above. Accordingly, we conducted this study on 
the assumption that a large amount of sd-LDL was present 
in the LDL fraction when the LDL-Rm value was ≥ 0.40.

As described above, LDL-Rm is often used for qualita-
tive evaluation of LDL-particle size in the clinical practice 
setting. Namely, LDL-Rm represents the average size of all 
LDL particles, which are aggregates of heterogeneously 
sized particles, and not the absolute amount of sd-LDL. 
However, until now, since LDL-Rm has been handled as a 
continuous variable when evaluating changes in the LDL-
particle size in drug interventional and observational studies 
[16–18], in the present study also, we handled this parameter 
as a continuous variable. The distribution of the LDL-Rm 
values is shown in Fig. 2.

Statistical analysis

Data are expressed as the mean ± standard deviation for con-
tinuous variables and as percentages for discrete variables. 
For variables with a significantly skewed distribution, the 
data were expressed as the interquartile range (IQR).

In a subset analysis performed according to quartiles 
of the TG/HDL-C ratio, we used analysis of variance 
(ANOVA) followed by Bonferroni’s adjustment for covari-
ates if differences had been detected in the patient charac-
teristics or ASCVD-related markers. Univariable and mul-
tivariable regression analyses were performed to identify 
independent predictors of the LDL-Rm value. All variables 

that showed correlation with the LDL-Rm values at p values 
of < 0.05 in the univariable regression analysis were entered 
into the multivariable model. In this study, we created the 
following two univariable and multivariable analysis models 
using the TG/HDL-C ratio and serum TG level as independ-
ent variables: the serum TG model (model 1) and the TG/
HDL-C ratio model (model 2). Receiver-operating charac-
teristic (ROC) analyses were performed to determine the 
cutoff values of the serum TG and the TG/HDL-C ratio for 
predicting LDL-Rm values ≥ 0.40. Furthermore, the diag-
nostic accuracy parameters calculated based on the results of 
the ROC analyses [area under the curve (AUC), sensitivity, 
specificity, and likelihood ratio: positive likelihood ratio, 
LR + = sensitivity/(1 – specificity), negative likelihood ratio 
LR − = (1 – sensitivity)/specificity] were also compared. In 
the 456 patients who could be followed up for at least 1 year, 
multivariable regression analyses were performed to identify 
independent variables associated with the absolute changes 
(Δ) in the LDL-Rm values. p < 0.05 was considered to be 
indicative of statistical significance. All statistical analyses 
were performed with the SPSS software (SPSS Inc., Chi-
cago, Illinois, USA) for Windows (version 12.0.1).

Results

Patients

We excluded 51 subjects from the analysis because of miss-
ing laboratory data. Eventually, 649 subjects (438 male, 211 
female) were included in the analysis. The LDL-Rm values 
ranged from 0.270 to 0.460 (mean ± SD: 0.350 ± 0.029). 
The TG/HDL-C ratio ranged from 0.364 to 10.633 (median, 
interquartile; 2.56 [1.39–3.44]). The patients were divided 
into quartiles of the TG/HDL-C ratio. In the subjects, the 

Fig. 1   Measurement of LDL-Rm value by lipoprotein polyacrylamide 
gel disc electrophoresis. LDL-Rm value calculated from densitometer 
analysis of polyacrylamide disc gel electrophoresis; LDL-Rm value 
∂2/∂1; HDL high-density lipoprotein, LDL low-density lipoprotein, 
VLDL very LDL

Fig. 2   Frequency distribution curve of LDL-Rm value. LDL low-den-
sity lipoprotein, LDL-Rm relative LDL migration
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quartile ranges were as follows: 0.364–1.373 (quartile 1: 
n = 162), 1.395–2.241 (quartile 2: n = 162), 2.255–3.429 
(quartile 3: n = 163), and 3.455–10.633 (quartile 4: n = 162). 
In addition, there were no cardiovascular events during the 
1-year follow-up period in the 456 subjects (414 male, 142 
female).

Comparison of the LDL‑particle size according 
to the TG/HDL‑C quartiles

The LDL-Rm value, which reflects the estimated LDL-par-
ticle size, increased significantly as the quartile of the TG/
HDL-C ratio increased (Fig. 3).

Comparison of the patient characteristics 
and laboratory profile according to the TG/HDL‑C 
ratio quartiles

The proportion of males increased, and that of females 
decreased, significantly with increasing quartile of the TG/
HDL-C ratio. The body mass index (BMI) increased signifi-
cantly as the TG/HDL-C ratio quartile increased. The fast-
ing blood glucose (FBG) and HbA1c increased significantly 
with increase of the TG/HDL-C ratio quartile. Hypertension, 
cigarette smoking, dyslipidemia, hyperuricemia, and diabe-
tes mellitus were associated with high TG/HDL-C ratios. 
The percentage of prescriptions for antiplatelet, β-blockers, 

statins, and fibrates increased significantly with increasing 
TG/HDL-C ratio quartile.

The serum HDL-C and apo A-1 levels decreased signifi-
cantly as the TG/HDL-C ratio increased. The serum levels 
of LDL-C, TG, non-HDL-C, apo B, apo C-II, apo C-III, 
apo E, RLP-C, MDA-LDL, and the white blood cell count 
increased significantly with increasing TG/HDL-C ratios 
(Tables 1, 2).

Univariable and multivariable regression analyses 
to identify factors associated with the LDL‑Rm 
value, which reflects the LDL‑particle size

The BMI was positively correlated with the LDL-Rm values. 
Male gender, cigarette smoking, hypertension, diabetes mel-
litus and dyslipidemia were associated with high LDL-Rm 
values. The serum LDL-C, TG, and the TG/HDL-C ratio 
levels were significantly and positively correlated with the 
LDL-Rm values. Therefore, these variables were entered 
into a multivariable regression model. The multivariable 
regression analysis identified the serum LDL-C and TG 
levels as being independently and significantly associated 
with the LDL-Rm values (model 1). Subsequent univariable 
and multivariable analyses performed using the TG/HDL-C 
ratio as an independent variable in place of the serum TG 
level revealed that the serum LDL-C and the TG/HDL-C 
ratio were also independently and significantly associated 
with the LDL-Rm values (model 2) (Table 3). The relation-
ships among the serum TG levels, the TG/HDL-C ratio, and 
LDL-Rm values are shown in Fig. 4.

A comparison between the serum TG level 
and the TG/HDL‑C ratio, as indicators of LDL‑particle 
size

Since both the serum TG level and the TG/HDL-C ratio 
have been shown as independent predictors of the LDL-Rm, 
we compared the diagnostic accuracy of the serum TG per 
se and that of the TG/HDL-C ratio for predicting the LDL-
particle size. ROC analyses were performed to determine the 
cutoff values of the serum TG and the TG/HDL-C ratio to 
predict LDL-Rm values ≥ 0.40. Indicators of the diagnostic 
accuracy obtained by the ROC analyses are shown in Fig. 5. 
Both models showed highly accurate AUCs. However, the 
LR− was significantly lower in the TG/HDL-C ratio model 
than in the TG model.

Multivariable regression analysis to identify factors 
correlated with absolute changes in the LDL‑Rm 
value

In this cross-sectional study, we confirmed that an elevated 
TG/HDL ratio was an important factor of a decrease of the 
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Fig. 3   Comparison of LDL-Rm value, estimated LDL-particle size 
according to the TG/HDL-C ratio quartiles. LDL low-density lipo-
protein, LDL-Rm relative low-density lipoprotein migration, TG tri-
glyceride, HDL-C high-density lipoprotein cholesterol. ANOVA and 
post hoc tests with Bonferroni correction were performed to evalu-
ate the between-group differences. 1p < 0.01, 2p < 0.0001, vs. 1Q. 
3p < 0.0001, vs. 2Q. 4p < 0.0001, vs. 3Q
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LDL-particle size. Therefore, we investigated the relation-
ship between the absolute changes (∆) in the TG/HDL-C 
ratio and the ∆ LDL-Rm value using a longitudinal method. 
To investigate the effects of increase and decrease of the 
TG/HDL-C ratio on the Δ LDL-Rm values, we carried out 
multivariable regression analyses using the Δ LDL-Rm 
value as a dependent variable and the Δ TG/HDL-C ratio 
as an independent variable, with adjustments for the risk 
factors for ASCVD, lipid-modifying use, and Δ LDL-C in 
456 patients who could be followed up for at least 1 year 
after this cross-sectional study. This analysis revealed that 
an elevated Δ TG/HDL-C ratio was an independent predictor 
of a decrease of Δ LDL-Rm value. Furthermore, statistical 
analyses of data from patients receiving or not receiving 
lipid-modifying drugs revealed similar findings (Table 4). 
However, the value of β (standard partial regression coeffi-
cient) of the Δ TG/HDL-C ratio as an independent variable 
in the multivariable analysis model was lower in the group 

receiving lipid-modifying drugs (statins in most cases) than 
in the group not receiving lipid-modifying drugs.

Discussion

The present study yielded the following findings: the serum 
TG/HDL ratio is a more reliable determinant of the LDL-
particle size and a more straightforward marker of the car-
diometabolic risk than the serum TG level per se; the higher 
the TG/HDL ratio, the smaller the size of the atherogenic 
LDL particles. Furthermore, combined cross-sectional and 
longitudinal studies have also confirmed the relationship 
between increased TG/HDL-C ratio and decreased LDL-
particle size.

In the present study, the AUCs obtained from the ROC 
analyses to determine the cutoff serum TG levels and the 
TG/HDL-C ratios for predicting LDL-Rm values ≥ 4.0 

Table 1   Patient characteristics according to the TG/HDL-C ratio quartiles

BMI body mass index, FBG fasting blood glucose, Hb hemoglobin, CKD chronic kidney disease, eGFR estimate glomerular filtration rate, CVD 
cardiovascular disease, CAD coronary artery disease, ACE angiotensin-converting enzyme, ARB angiotensin receptor blocker
a p < 0.01, bp < 0.0001, vs. 1Q
c p < 0.001, vs. 2Q
d p < 0.01, vs. 3Q

All cases (n = 649) 1Q (n = 162) 2Q (n = 162) 3Q (n = 163) 4Q (n = 162) p value

Age (years) 62 ± 14 61 ± 16 62 ± 14 64 ± 14 63 ± 13 0.398
Male/female, n (%) 438 (67)/211 (33) 85 (52)/77 (48) 104 (64)/58 (37) 120 (74)/43 (26) 124 (77)/38 (23)  < 0.0001
BMI (kg/m2) 24.0 ± 3.9 21.9 ± 3.4 24.4 ± 4.3b 24.2 ± 3.4b 25.4 ± 3.8b  < 0.0001
Hypertension, n (%) 450 (69) 93 (57) 116 (72) 114 (70) 127 (78) 0.001
Cigarette smoking, n (%) 91 (14) 15 (9.3) 26 (16) 16 (9.8) 34 (21) 0.010
Dyslipidemia, n (%) 429 (66) 78 (48) 109 (67) 110 (67) 132 (81)  < 0.0001
Hyperuricemia 112(17) 13 (8.0) 24 (15) 24 (15) 46 (28)  < 0.0001
Diabetes mellitus, n (%) 178 (27) 28 (17) 37 (23) 50 (31) 63 (39)  < 0.0001
 FBG (mg/dL) 114 ± 36 108 ± 24 110 ± 35 114 ± 42 125 ± 40a,b,c < 0.001
 HbA1c (%) 5.93 ± 0.77 5.75 ± 0.59 5.90 ± 0.84 5.99 ± 0.85a 6.08 ± 0.75a,d 0.001

CKD stage 3 ≥, n (%) 181 (28) 48 (30) 41 (25) 47 (29) 45 (28) 0.880
 eGFR (ml/min/1.73 m2) 70.4 ± 18.6 70.4 ± 17.8 71.3 ± 19.1 71.0 ± 18.3 68.5 ± 19.4 0.517

CVD, n (%) 159 (24) 29 (18) 39 (24) 48 (29) 43 (27) 0.092
 CAD, n (%) 142 (22) 25 (15) 37 (23) 44 (27) 36 (22) 0.083
 Cerebral infarction, n (%) 19 (2.9) 4 (2.5) 3 (1.9) 4 (2.5) 8 (4.9) 0.369
 Peripheral arterial disease, n (%) 10 (1.5) 1 (0.6) 3 (1.9) 3 (1.8) 3 (1.9) 0.691

Concomitant drugs, n (%)
 Antiplatelet 180 (28) 35 (22) 36 (22) 57 (35) 52 (32) 0.001
 ACE inhibitors/ARBs 255 (39) 51 (31) 66 (41) 68 (42) 70 (43) 0.128
 β-Blockers 135 (21) 26 (16) 32 (20) 40 (25) 47 (29) 0.026
 Calcium channel blockers 295 (45) 61 (38) 80 (49) 75 (46) 79 (49) 0.131
 Lipid-modifying drugs 319 (49) 58 (36) 84 (52) 84 (52) 93 (57) < 0.001
  Statins 305 (47) 58 (36) 79 (49) 79 (48) 89 (55) 0.006
  Fibrates 10 (1.5) 0 (0) 0 (0) 6 (3.7) 5 (3.1) 0.018
  Others 15 (2.3) 1 (0.6) 8 (4.9) 2 (1.2) 4 (2.5) 0.054



232	 Heart and Vessels (2019) 34:227–236

1 3

were high, indicating that the prediction models were 
excellent. However, the LR + was low in both models that 
is, the detection rate is relatively low to make a definitive 
diagnosis of LDL-Rm values ≥ 0.40, even if the serum 

TG level and/or the TG/HDL-C ratio are above the cut-
off. This is likely because the LDL-Rm value, i.e., LDL-
particle size, is determined not only by the serum TG and 
HDL-C levels, but also by other factors, including insulin 

Table 2   Laboratory profiles according to the TG/HDL-C quartiles

TG triglyceride, HDL high-density lipoprotein, TC total cholesterol, LDL low-density lipoprotein, apo apolipoprotein, RLP remnant-like particle, 
MDA malondialdehyde, WBC white blood cell, hs-CRP hyper-sensitivity C-reactive protein
*Median; IQR in parentheses
a p < 0.001, bp < 0.0001, vs. 1Q
c p < 0.01, dp < 0.0001, vs. 2Q
e p < 0.01, fp < 0.0001, vs. 3Q

All cases (n = 649) 1Q (n = 162) 2Q (n = 162) 3Q (n = 163) 4Q (n = 162) p value

TG/HDL-C ratio* 2.26 (1.39/3.44) 0.98 (0.75/1.22) 1.80 (1.63/2.92)b 1.65 (1.04/2.37)b,d 4.79 (3.84/6.11)b,d,f < 0.0001
Lipids (mg/dL)
 TC 195 ± 37 197 ± 40 196 ± 35 188 ± 33 198 ± 40 0.044
 LDL-C 110 ± 30 102 ± 31 114 ± 30a 108 ± 26 116 ± 33b 0.001
 HDL-C 58 ± 17 75 ± 18 60 ± 11b 53 ± 12b,d 45 ± 9b,d,f < 0.0001
 TG* 120 (87/176) 68 (53/84) 108 (92/121)b 98 (69/131)b,d 217 (184/265)b,d,f < 0.0001
 Non-HDL-C 136 ± 34 122 ± 34 136 ± 31a 135 ± 28a 153 ± 36b,d,f < 0.0001

Apolipoproteins (mg/dL)
 apo A-I 146 ± 30 167 ± 31 149 ± 25b 140 ± 28b,c 131 ± 22b,d,e < 0.0001
 apo B 90 ± 21 79 ± 19 89 ± 19b 89 ± 18b 101 ± 23b,d,f < 0.0001
 apo C-II 4.5 ± 1.8 3.7 ± 1.3 4.0 ± 1.5 4.5 ± 1.6b 5.7 ± 2.2b,d,f < 0.0001
 apo C-III 9.8 ± 3.2 9.9 ± 2.6 9.1 ± 2.8 9.6 ± 2.8 12 ± 3.5b,d,f < 0.0001
 apo E 4.1 ± 1.1 4.0 ± 1.2 3.8 ± 1.0 3.8 ± 0.9 4.6 ± 1.2b,d,f < 0.0001

Other lipid markers
 RLP-C (mg/dL)* 5.3 (3.9/7.4) 3.7 (3.0/4.8) 4.4 (3.5/5.4) 4.2 (3.2/5.7)b,d 8.8 (7.3/11.6)b,d,f < 0.0001
 MDA-LDL (U/L) 110 ± 44 92 ± 35 103 ± 35 111 ± 43b 132 ± 52b,d,f < 0.0001

Inflammatory markers
 WBC count (mm−3) 6065 ± 1622 5453 ± 1355 6042 ± 1503a 6151 ± 1862b 6604 ± 1538b,c < 0.0001
 hs-CRP (mg/L)* 0.50 (0.30/3.5) 0.30 (0.20/0.70) 0.40 (0.20/1.17) 0.40 (0.30/1.05) 0.80 (0.50/1.60) 0.131

Table 3   Univariable and 
multivariable regression 
analyses to identify factors 
associated with the LDL-Rm 
value, which reflects the LDL-
particle size

The abbreviations are the same as in Tables 1 and 2, r = correlation coefficient, β = standard partial regres-
sion coefficient

Dependent variables Univariate Multivariate
Model 1

Multivariate
Model 2

r p value β p value β p value

Age 0.024 0.538 0.059 0.104 0.037 0.284
Male gender 0.126 0.001 0.080 0.018 0.046 0.162
BMI 0.190 < 0.0001 0.041 0.243 0.004 0.911
Cigarette smoking 0.078 0.048 0.008 0.813 − 0.004 0.902
Hypertension 0.102 0.010 − 0.0003 0.993 0.008 0.810
Diabetes mellitus 0.081 0.039 − 0.023 0.525 − 0.025 0.456
Dyslipidemia 0.168 < 0.0001 0.038 0.387 0.018 0.663
Lipid-modifying drug 0.090 0.021 − 0.005 0.898 0.020 0.613
LDL-C 0.195 < 0.0001 0.117 0.0007 0.147 < 0.0001
TG 0.592 < 0.0001 0.556 < 0.0001 – –
TG/HDL-C ratio 0.633 < 0.0001 – – 0.607 < 0.0001
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Fig. 4   Relationship between serum TG level, TG/HDL-C ratio, and LDL-RM value. LDL low-density lipoprotein, LDL-Rm relative low-density 
lipoprotein migration, TG triglyceride, HDL-C high-density lipoprotein cholesterol

Fig. 5   Receiving-operating 
characteristic analysis of 
predictors of LDL-Rm 
value ≥ 0.40—comparison of 
diagnostic accuracy. LDL-Rm 
relative low-density lipoprotein 
migration, AUC​ area under the 
curve, CI confidence interval, 
PPV positive predictive value, 
NNP negative predictive value, 
LR + positive likelihood ratio, 
LR − negative likelihood ratio

Table 4   Multivariable regression analysis to identify factors correlated with absolute changes in the LDL-Rm value

All cases (n = 456); lipid-modifying drug use (n = 273); no lipid-modifying drug use (n = 183)
The abbreviations are the same as in Tables 1 and 2, ∆ = absolute change from baseline, β = standard partial regression coefficient

Dependent variables β p value Dependent variables β p value Dependent variables β p value

Age − 0.538 0.273 Age 0.008 0.901 Age − 0.080 0.298
Male gender 0.030 0.503 Male gender − 0.030 0.633 Male gender 0.116 94.000
BMI − 0.004 0.938 BMI 0.037 0.574 BMI − 0.044 0.537
Cigarette smoking − 0.007 0.869 Cigarette smoking 0.126 0.038 Cigarette smoking − 0.161 0.020
Hypertension − 0.040 0.332 Hypertension − 0.027 0.664 Hypertension − 0.099 0.149
Diabetes mellitus − 0.004 0.932 Diabetes mellitus 0.031 0.603 Diabetes mellitus − 0.087 0.265
Dyslipidemia − 0.060 0.198 Dyslipidemia 0.036 0.549 Dyslipidemia − 0.040 0.598
Lipid-modifying drug 0.052 0.244 ∆ LDL-C 0.057 0.347 ∆ LDL-C 0.012 0.868
∆ LDL-C 0.052 0.244 ∆T G/HDL-C ratio 0.275 < 0.0001 ∆T G/HDL-C ratio 0.388 < 0.0001
∆T G/HDL-C ratio 0.338 < 0.0001 Multiple r = 0.315, F = 3.223, p = 0.001 Multiple r = 0.495, F = 6.233, p < 0.0001
Multiple r = 0.362, F = 7.486, p < 0.0001
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resistance, visceral fat mass and overall TG metabolism 
[5]. However, the results of the present study showed that 
the LR− to evaluate the diagnostic accuracy was signifi-
cantly lower in the TG/HDL-C ratio model than in the TG 
model. Therefore, if the TG/HDL-C ratio is lower than the 
cutoff, the LDL-Rm value is highly unlikely to be ≥ 0.40, 
and we think that this model is excellent for exclusion 
diagnosis as an indicator of the diagnostic accuracy [19, 
20]. These results suggest that the TG/HDL-C ratio was 
the superior variable as an independent predictor of the 
LDL-particle size as compared to the serum TG level per 
se.

Thus, the present results show the possibility that the TG/
HDL-C ratio may be applicable as a new management target 
for the prevention of ASCVD, i.e., towards the objective 
of minimizing any residual risk for ASCVD, in the current 
scenario, where the validity of control of the serum LDL-C, 
as one of the strongest risk factors for ASCVD, has become 
relatively well established.

Prospective cohort studies conducted to investigate the 
association of the TG/HDL-C ratio with the risk of develop-
ment of coronary artery disease have demonstrated that the 
higher the TG/HDL-C ratio, the poorer the prognosis related 
to coronary artery disease [7, 8]. In regard to the underly-
ing mechanisms, findings have suggested that a higher TG/
HDL-C ratio is not only associated with downsizing of the 
LDL-particle size and consequent progression of athero-
sclerosis, but also with worsening of the insulin resistance 
[21, 22] and increased visceral fat deposition [23]. In the 
present study, we also demonstrated that the FBG and the 
BMI, a marker of visceral fat which is the basic abnormality 
in metabolic syndrome (Mets), increased with increasing 
TG/HDL-C ratios.

In this study, increase of the TG/HDL-C ratio was also 
shown to be associated with increase in the levels of athero-
genic lipid markers, and similar findings were obtained in the 
very large database of lipids-4 (VLDL-4) study. The eleva-
tions in the lipid markers are considered to result from meta-
bolic abnormalities of TG and HDL associated with increase 
of the TG/HDL-C ratios [24]. Namely, increased levels of 
highly atherogenic triglyceride-rich proteins (TRLs) and 
apolipoproteins, which play key roles in the metabolism of 
TRLs [5], in particular, of apoC3, have attracted attention as 
new risk factors for coronary artery disease [25]. It has been 
reported that hypertriglyceridemia and hypo-HDL choles-
terolemia lead to an increase in MDA-LDL, an indicator of 
oxidative stress, that is closely involved in the progression 
of atherosclerosis [26]. In contrast, antiatherogenic serum 
HDL-C and apoA-1 levels tended to significantly decrease 
[27]. Interestingly, white blood cell counts, which are asso-
ciated with predictive markers of Mets and coronary artery 
disease [28, 29], increased with increasing TG/HDL-C 
ratios.

It has been shown that the LDL-particle size, as measured 
by nuclear magnetic resonance or non-denaturing gradient 
gel electrophoresis, is better correlated with the TG/HDL-C 
ratio than with the serum TG level [21, 30]. The possibility 
of risk assessment of ASCVD using the LDL-Rm value, i.e., 
the estimated LDL-particle size calculated from PAGE data, 
readily practicable in the clinical practice setting, and of the 
TG/HDL-C ratio is considered truly relevant. The results 
of the ROC analysis in the VLDL-4 study lend support to 
the present finding in terms of the cutoff value of the TG/
HDL-C ratio for predicting sd-LDL [24]. On the other hand, 
since the cutoff value of the LDL-particle size for the TG/
HDL-C ratio is subject to the influence of the obesity, which 
differs depending on the gender and race, further investiga-
tion is warranted.

Hypertriglyceridemia is liable to be complicated by 
depressed serum HDL-C, and although both of these param-
eters are mutually independent ASCVD risk factors, the 
most relevant cases are those with concurrent hypertriglyc-
eridemia and depressed serum HDL-C, which have a potent 
atherogenic effect. However, it is necessary to include other 
factors as well to set the TG/HDL-C ratio, an indicator of 
the risk of ASCVD, as a clinical tool in terms of a concrete 
numerical value. This is an important task that needs to be 
accomplished in the future [31].

The concept of the TG/HDL-C ratio, however, may be of 
great help in facilitating interpretation of the results of an 
intervention study being conducted to verify the effect of a 
new fibrate agent endowed with more potent TG-lowering 
and HDL-C-increasing effects in suppressing cardiovascular 
events as compared to conventional fibrate drugs currently in 
use [32]. It would appear that TG, LDL and HDL metabo-
lisms interact to form a network, and that HDL per se also 
has a role as an antiatherogenic factor. It would be reason-
able to speculate, therefore, that the use of the TG/HDL-C 
ratio corrected by the serum HDL-C rather than the serum 
TG alone is more rational as a method for estimating the 
LDL-particle size.

Interestingly, the multivariable analysis in the longitudi-
nal study revealed that the influence of changes of the serum 
TG/HDL-C ratio on the changes in the LDL-particle size 
was smaller in the group receiving lipid-modifying drugs 
than in the group not receiving lipid-modifying drugs. 
Namely, an increase of the TG/HDL ratio was not read-
ily associated with a decrease of the LDL-particle size in 
the group receiving lipid-modifying drugs. Looked at from 
another point of view, it could represent the influence of the 
antiatherogenic effects of lipid-modifying drugs.

Study limitations and clinical implications

First, the data of subjects with risk factors for ASCVD 
were analyzed in this study; more detailed results could be 
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expected from analyses of data from homogeneous patient 
groups, such as patients with Mets [33] and insulin-resist-
ant patients [34]. Second, this study did not include assess-
ment of other LDL-particle sizes or comparison with the 
TG/HDL-C ratio. Third, it is essential to correlate imaging 
diagnosis-verified progress of atherosclerosis with changes 
in the TG/HDL-C ratio. Finally, we have to consider improv-
ing the diagnostic accuracy of LDL-Rm values, to enable 
simple estimation of the LDL-particle size in the clinical 
practice setting, in particular, creation of an LDL-particle 
size prediction model with a higher positive likelihood ratio.

Conclusion

The results support the hypothesis that TG/HDL-C ratio may 
be useful for assessing the risk of ASCVD compared with 
serum TG level per se. To reduce the risk of ASCVD, it may 
be of particular importance to pay attention not only to the 
serum level of LDL-C, but also to the serum TG/HDL-C 
ratio, which is associated with LDL heterogeneity. However, 
for clinical application of the TG/HDL-C ratio as an indica-
tor of the LDL-particle size based on the LDL-Rm value, 
further improvement of the diagnostic accuracy is required.
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