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Introduction

Metabolic dysfunction-associated fatty liver 
disease (MAFLD), formerly known as non-alcoholic 
fatty liver disease (NAFLD), affects approximately a 
quarter of the adult population worldwide and poses a 
health and economic burden in all countries1). Since 
MAFLD includes type 2 diabetes and obesity 
irrespective of alcohol consumption2), the prevalence 
of MAFLD has dramatically increased in proportion 

to the increased population with type 2 diabetes and 
obesity worldwide1, 2). MAFLD is a risk factor for 
steatohepatitis, liver cancer, and cardiovascular disease 
(CVD)3, 4). Hypertriglyceridemia is strongly associated 
with obesity, type 2 diabetes, and liver steatosis. The 
atherogenicity of hypertriglyceridemia is mainly 
explained by increased triglyceride (TG)-rich 
lipoprotein remnants5), a high prevalence of small 
dense low-density lipoprotein (sdLDL) particles6), and 
low levels of high-density lipoprotein (HDL)-
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indicate TG excess due to an increase in VLDL 
containing more TG than the average VLDL. 

Recently, the nomenclature of NAFLD/MAFLD 
was changed to metabolic dysfunction associated 
steatotic liver disease (MASLD), because the terms 
“nonalcoholic” and “fatty” were felt to be stigmatizing 
and steatotic liver disease was chosen as an overarching 
term to encompass the various etiologies of steatosis23). 
In this study, the term MASLD was employed instead 
of MAFLD. The aim of this study was to investigate 
the characteristics and clinical significance of the 
estimate of Excess TG in VLDL, and whether this 
estimate is superior to TG and sdLDL-C in 
identifying MASLD.

Methods

Patients
The patients were participants in the “ViNA” 

cohort study. The ViNA cohort study began on 
October 1, 2019, and included regular tests, 
assessment of diabetic complications, and prognostic 
surveys24). Data collected up to September 30, 2023 
were used in this study. The exclusion criteria were 
current treatment for malignancy, severe liver, 
endocrine, and respiratory disorders, and patients 
undergoing hemodialysis. Patients wit h active viral 
hepatitis, cirrhosis, or liver cancer were excluded. 
“Non-drinkers” were defined as individuals who had 
never consumed alcohol or who had stopped drinking 
at least 1 year prior to enrollment, while “current 
drinkers” were defined as individuals who drank even 
small amounts of alcohol and included non-regular 
drinkers but excluded heavy drinkers. From the 
questionnaire, it was difficult to determine whether 
the patients had MAFLD with substandard alcohol 
intake or MetALD with above-standard alcohol 
intake23). Therefore, some patients with MetALDs 
were included in the present study. Liver steatosis was 
diagnosed based on the radiologist’s overall judgment, 
including absolute absorbance values of the liver and 
spleen, absorbance ratios of the liver and spleen, and 
the absence of intrahepatic bile ducts on computed 
tomography (CT) images. Patients with chronic liver 
injury were excluded based on the radiologist’s 
comments.

Patients receiving TG-lowering agents such as 
fibrates and omega 3-fatty acids were excluded. As the 
effect of statins and ezetimibe on TG-rich lipoprotein 
metabolism is limited, users of these drugs were 
included. All patients (n=1295) had type 2 diabetes 
and had been receiving treatment for diabetes at Ebina 
General Hospital for at least 3 years. All patients were 
taught an appropriate diet and limited alcohol 

cholesterol (C). Among them, the sdLDL-C 
concentration was the strongest predictor of CVD 
events7). We recently reported that sdLDL-C levels are 
markedly elevated in MAFLD8), which may explain 
the high prevalence of CVD in NAFLD/MAFLD3, 4). 
Furthermore, the close association between MAFLD 
and sdLDL-C is independent of TG and obesity8). 
However, the mechanism by which sdLDL-C is 
specifically elevated in MAFLD—beyond TG—is not 
fully understood.

Increased hepatic lipogenesis due to de novo or 
exogenous  f a t ty  ac id  f lux  i s  a  common 
pathophysiological mechanism that promotes large 
and TG-rich VLDL (VLDL1) production and liver 
steatosis9-11), which leads to the development of 
hypertriglyceridemia and sdLDL generation 12). 
Therefore, a close association between liver steatosis 
and sdLDL-C may be dependent on the 
overproduction of VLDL1 particles10, 11). Previous 
studies have shown that large VLDL particles 
(VLDL1) play a central role in dyslipidemia associated 
with metabolic syndrome13) and type 2 diabetes14). It 
has also been shown that insulin resistance underlies 
the overproduction of VLDL1 15). Adiels et al.16) 
reported that VLDL1 particles are predominantly 
produced in men with an increased liver fat content. 
Recently,  it has been recognized that TG-rich VLDL1 
is formed by the fusion of TG-poor VLDL2 with lipid 
droplets and that transmembrane 6 superfamily 
member 2 (TM6SF2) plays an important role in 
VLDL lipidation and the development of liver 
steatosis17). Despite the importance of VLDL1 as a 
central etiologic factor in dyslipidemia in metabolic 
diseases, including MAFLD, the measurement of 
VLDL1 requires a specialized ultracentrifuge to 
separate lipoproteins at a Svedberg flotation rate (Sf ) 
of 60–40018, 19); therefore, VLDL1 measurement is 
not widespread in general clinical practice.

LDL-C is usually calculated using the Friedewald 
formula (Total-C minus HDL-C minus TG/5)20). In 
this formula, VLDL-C was estimated to be 20% of 
VLDL-TG. The Friedewald formula is not applicable 
to severe hypertriglyceridemia (TG level ＞400 mg/
dL). This is because the TG/C ratio in the particles 
differs greatly between chylomicrons and VLDL; thus, 
TG-rich lipoprotein-C cannot be calculated using 
TG/5. It is  worth noting that LDL-C is 
underestimated at higher TG levels, even when fasting 
TG levels are ＜400 mg/dL21). This is because 
VLDL-C (TG/5) is overestimated in TG-rich VLDL, 
which has a higher TG/C ratio than average VLDL22). 
The average VLDL-TG level can be estimated using 
the VLDL-C×5 20). Therefore, TG (actual VLDL-TG) 
minus VLDL-C×5 (calculated VLDL-TG) may 
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ratios and 95% confidence intervals (CI). The p trend 
was estimated using the Cochran-Armitage trend test 
for categorical variables or the Jonckheere-Terpstra 
trend test for continuous variables. All analyses were 
performed using JMP (version 15, SAS Institute, 
Cary, NC, USA). 

Results

Table 1 lists clinical characteristics and 
measurements in patients with type 2 diabetes 
stratified by drinking and MASLD status. 
Approximately one-third of the patients were 
complicated by MASLD. Twenty-two percent of the 
patients were insulin users, and all patients were 
treated with one or more of the following 
hypoglycemic agents: sulfonylurea (SU) (25%), 
metformin (46%), pioglitazone (5%), dipeptidase 
peptidase (DPP)-4 inhibitors (62%), sodium-glucose 
cotransporter (SGLT)2 inhibitors (26%), and 
glucagon-like peptide-1 receptor agonists (GLP-1RA) 
(3%). Fifty-six percent of the patients used statins and 
5% used ezetimibe. Relative to non-drinkers, drinkers 
were younger, were more frequently male, and were 
more frequently smokers. The drinkers had a smaller 
VFA and SFA, and increased diastolic blood pressure 
(DBP) and γGTP, while their AST and ALT levels 
were comparable to non-drinkers. There were no 
significant differences in plasma lipids between 
drinkers and non-drinkers, with the exception of 
sdLDL-C and lipoprotein (Lp) (a). In comparison to 
the non-MASLD group, the patients in the MASLD 
group were younger, were more frequently male, and 
were more frequently smokers. The MASLD group 
had higher BMI, VFA, SFA, ALT, γGTP, and hs-CRP 
values. Systolic blood pressure (SBP) was similar but 
DBP was higher in the MASLD group. HbA1c, 
C-peptide, and estimated glomerular filtration rate 
(eGFR) were higher in the MASLD group. The 
MASLD group had higher TG, sdLDL-C, non-
HDL-C, and apo B and CIII levels than the non-
MASLD group, while the LDL-C, LDL-TG, 
VLDL-C, and apoE levels of the 2 groups were 
similar. Excess TG and TG/VLDL-C were 
significantly increased in the MASLD group relative 
to the non-MASLD group. More patients in the 
MASLD group used metformin, SGLT-2 inhibitors, 
and GLP-1RA, and fewer patients used insulin. The 
numbers of statin and ezetimibe users in the 2 groups 
were comparable.

Table 2 lists the selected parameters that showed 
significant differences between the MASLD and non-
MASLD groups and their association with the 
presence of MASLD, as determined by a logistic 

consumption by a dietitian, as proposed by the Japan 
Diabetes Foundation.

Measurements
Plasma samples were collected in the morning 

following overnight fasting. LDL-C and HDL-C 
levels were measured directly in the plasma. The 
sdLDL-C and LDL-TG concentrations were measured 
using a homogeneous method (Denka Co. Tokyo)25, 26). 
Non-HDL-C was calculated by subtracting HDL-C 
from total cholesterol. VLDL-C was calculated as TC 
minus directly measured LDL-C and HDL-C levels. 
Estimated VLDL-TG was calculated as VLDL-C 
multiplied by 5, according to the principle of 
Friedewald’s formula20, 22). Excess TG was defined as 
plasma TG minus the estimated VLDL-TG 
(VLDL-C×5). Visceral fat area (VFA) and 
subcutaneous fat area (SFA) were measured using a fat 
scanning program for CT scans (Fujifilm, Tokyo). 
Apolipoproteins (apo) B, CIII, and E, high-sensitivity 
(hs)-CRP, and C-peptide were measured using 
commercially available kits. 

The study was explained in detail to all 
participants who consented to participate, and a 
written informed consent form was obtained from all 
participants prior to the study. This study was 
approved by the Ethics Committee of Ebina General 
Hospital (no. 115, 2019). The study was conducted in 
accordance with the principles of the Declaration of 
Helsinki and current legal regulations. 

Statistical Analyses
All continuous variables are expressed as the 

mean±standard deviation (SD) or median 
(interquartile range (IQR)). Differences between 
groups were examined using Student’s t-test or the 
Mann-Whitney U test. Significance was evaluated 
using the Wilcoxon signed-rank test for continuous 
variables and the chi-square test for categorical 
variables. For non-normally distributed variables, 
logarithmic transformation (Ln) was performed before 
the analyses of difference or regression. The 
relationships between the presence of MASLD and 
continuous variables were evaluated using a univariate 
logistic regression analysis and expressed as chi-square 
values. A receiver operating characteristic (ROC) 
curve analysis was performed to determine the cutoff 
value of excess TG for the prevalence of MASLD. A 
multivariate logistic regression analysis was employed 
to analyze the independent relationship between 
excess TG or excess TG ranges (1, 2, 3, and 4) and the 
presence of MASLD after adjusting for various 
confounding factors associated with MASLD. The 
results were expressed as chi-square values or odds 
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Table 1. Clinical characteristics and measurements in patients with type 2 diabetes stratified by sex, drinking and MASLD status

Total subjects Women Men p Non-drinker Current drinker p Non-MASLD MASLD p

Number 1295 491 804 759 536 845 450
Men 62% 0% 100% 45% 54% ＜0.0001 59% 66% ＜0.001
MASLD 34% 30% 37% ＜0.05 32% 38% ＜0.05 0% 100%
Current drinker 41% 20% 54% ＜0.0001 0% 100% 39% 45% ＜0.05
Current smoker 20% 7% 28% ＜0.0001 14% 29% ＜0.0001 19% 22% 0.15
CAD history 10% 6% 13% ＜0.0001 11% 10% 0.42 11% 8% 0.16
Stroke history 7% 6% 7% 0.45 7% 7% 0.7 8% 7% 0.32
Diabetic retinopathy 26% 30% 24% ＜0.05 23% 29% ＜0.02 25% 38% ＜0.0001
Age y 66 (11) 67 (11) 65 (11) 0.12 67 (11) 64 (11) ＜0.0001 68 (10) 62 (11) ＜0.0001
BMI kg/m2 25.1 (4.2) 25.4 (4.7) 24.9 (3.9) 0.05 25.2 (4.2) 24.9 (4.3) 0.36 24.0 (3.8) 27.1 (4.3) ＜0.0001
VFA cm2 151 (77) 136 (67) 157 (79) ＜0.0001 165 (82) 144 (82) ＜0.0001 126 (67) 192 (72) ＜0.0001
SFA cm2 166 (81) 186 (85) 138 (75) ＜0.0001 165 (82) 144 (82) ＜0.0001 137 (70) 192 (91) ＜0.0001
SBP mmHg 131 (14) 133 (15) 130 (14) 0.05 131 (15) 131 (14) 0.72 131 (14) 132 (14) 0.18
DBP mmHg 77 (11) 75 (11) 78 (11) ＜0.0001 76 (11) 79 (11) ＜0.0001 75 (11) 80 (12) ＜0.0001
HbA1c % 7.3 (0.8) 7.3 (0.8) 7.3 (0.8) 0.27 7.3 (0.8) 7.2 (0.8) 0.08 7.2 (0.8) 7.4 (0.8) ＜0.001
Glucose mg/dL 149 (39) 145 (37) 151 (41) ＜0.01 148 (39) 149 (40) 0.66 148 (42) 149 (35) 0.8
C-Peptide ng/mL 1.3 [0.8-2.0] 1.2 [0.7-1.8] 1.3 [0.8-2.1] ＜0.005 1.3 [0.8-1.9] 1.3 [0.8-2.0] 0.2 1.0 [0.7-1.7] 1.6 [1.2-2.3] ＜0.0001
hs-CRP mg/L 0.054 [0.025-0.128] 0.063 [0.026-0.145] 0.051 [0.024-0.116] 0.14 0.048 [0.024-0.122] 0.051 [0.024-0.116] 0.37 0.042 [0.002-0.092] 0.084 [0.004-0.0198] ＜0.0001
eGFR 71 (19) 73 (21) 70 (19) ＜0.02 70 (20) 72 (18) 0.22 67 (20) 74 (20) ＜0.0001
AST IU 22 [18-27] 21 [18-26] 22 [18-27] 0.33 22 [18-26] 22 [18-27] 0.3 21 [18-25] 24 [20-31] ＜0.0001
ALT IU 20 [15-29] 18 [14-25] 21 [16-31] ＜0.01 20 [15-28] 21 [15-30] 0.35 18 [14-24] 27 [20-43] ＜0.0001
γGTP IU 24 [17-39] 20 [14-30] 27 [18-43] ＜0.0001 21 [16-33] 28 [18-47] ＜0.0001 20 [15-31] 33 [22-52] ＜0.0001
TG mg/dL 104 [74-148] 100 [72-138] 107 [76-156] ＜0.002 103 [77-145] 106 [72-151] 0.7 95 [67-129] 125 [90-173] ＜0.0001
Total-C mg/dL 181 (30) 186 (32) 177 (29) ＜0.0001 180 (31) 181 (29) 0.55 181 (31) 180 (29) 0.36
LDL-C mg/dL 102 (24) 102 (25) 101 (23) 0.34 102 (23) 102 (24) 0.88 100 (24) 104 (24) ＜0.05
HDL-C mg/dL 55 (14) 59 (14) 52 (13) ＜0.0001 54 (13) 55 (15) 0.22 57 (15) 51 (12) ＜0.0001
NonHDL-C mg/dL 126 (27) 127 (29) 125 (26) 0.16 126 (26) 126 (28) 0.95 124 (27) 128 (26) ＜0.02
VLDL-C mg/dL 23 [18-29] 23 [ [18-29] 22 [ [17-29] 0.18 23 [18-29] 23 [18-29] 0.8 23 [18-29] 23 [17-32] 0.24
Excess TG mg/dL 0 (9.6) -12 (49) 4 (46) ＜0.0001 -3 (49) -1 (46) 0.44 -12 (47) 16 (45) ＜0.0001
TG/VLDL-C 4.8 [3.5-6.1] 4.5 [3.3-5.8] 5.0 [3.8-6.4] ＜0.0001 4.9 [3.6-6.1] 4.8 [3.5-6.1] 0.8 4.3 [3.3-5.7] 5.6 [4.5-7] ＜0.0001
sdLDL-C mg/dL 27 [21-7] 26 [20-35] 28 [21-39] ＜0.0001 26 [20-35] 30 [21-42] ＜0.0001 25 [19-33] 32 [22-44] ＜0.0001
LDL-TG mg/dL 14 [12-17] 15 [13-18] 13 [11-16] ＜0.0001 14 [11-17] 14 [12-17] 0.93 14 [11-17] 14 [12-17] 0.17
ApoB mg/dL  86 (18) 87 (18) 86 (17) 0.43 86 (17) 87 (18) 0.26 85 (18) 89 (18) ＜0.0001
ApoCIII mg/dL 10.2 [8.3-12.7] 10.4 [8.7-12.6] 10.2 [8.1-12.8] 0.56 10.0 [8.2-12.1] 10.6 [8.6-13.5] 0.06 9.8 [8.1-11.9] 10.9 [8.8-13.8] ＜0.0001
ApoE mg/dL 3.9 [3.2-4.7] 4.2 [3.5-5] 3.7 [3.1-4.4] ＜0.0001 3.9 [3.3-4.7] 3.8 [3.1-4.6] 0.07 4.1 (1.1) 4 [3.2-4.8] 0.19
Lipoprotein (a) mg/dL 13.6 [6.4-20] 15.2 [7.1-30] 12.1 [5.9-23.4] ＜0.001 14.4 [6.7-29] 11.9 [6.0-22.9] ＜0.01 14.7 [7-27] 10.8 [5.4-21.9] ＜0.0001
Statins 56% 66% 50% ＜0.0001 61% 50% ＜0.0001 55% 59% 0.17
Ezetimibe 5% 6% 4% 0.17 5% 6% 0.31 5% 6% 0.49
Sulfonylurea 25% 24% 25% 0.69 26% 23% 0.27 25% 24% 0.53
SGLT2 inhibitors 26% 27% 23% 0.09 25% 24% 0.47 19% 35% ＜0.0001
Metformin 46% 49% 44% 0.08 46% 46% 0.88 39% 59% ＜0.0001
GLP-1RA 3% 6% 2% ＜0.0005 4% 4% 0.86 2% 5% ＜0.001
DPP-4 inhibitors 62% 60% 64% 0.18 64% 60% 0.11 62% 62% 0.95
Pioglitazone 5% 4% 7% 0.18 5% 5% 0.16 5% 4% 0.6
Insulin 22% 26% 19% ＜0.005 25% 17% ＜0.002 24% 16% ＜0.002

Excess TG＝ TG minus 5 x VLDL-C (Total-C minus LDL-C minusHDL-C)
All continuous variables were expressed as mean±standard deviation (SD) or median (interquartile range (IQR))
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TG in the overall cohort was -3mg/dL, and 75th and 
90th percentiles of excess TG were 25 and 55 mg/dL, 
respectively. The ROC curve demonstrated an 
intimate association between Excess TG and MASLD, 
with an area under the curve (AUC) of 0.68, p＜
0.0001. The cutoff value of Excess TG in the ROC 
curve for the most sensitive and selective identification 
of MASLD was 0 mg/dL. Based on these results, 
Excess TG was classified into four ranges: range 1=＜0 
mg/dL, range 2=0–24 mg/dL; range 3=25–49 mg/
dL; and range 4 ≥ 50 mg/dL. 

Since the patients in this study included current 
drinkers, the relationship between Excess TG and 
MASLD may change depending on whether the 
patients were drinking. To minimize the effect of 
alcohol consumption, an ROC curve analysis was used 
to examine the effect of Excess TG on MASLD in 
non-drinkers and current drinkers. As shown in 
Supplemental Fig. 1, there was no significant 
difference in the ROC curves of the 2 groups, and the 
results were almost the same as those in the overall 
analysis.

Table 3 shows the clinical characteristics and 
measurements stratified by the Excess TG range. The 
prevalence of MASLD increased with the Excess TG 

regression analysis. BMI, SFA, VFA, Ln[γGTP], 
Ln[ALT], Excess TG and Ln[TG/VLDL-C] were 
strongly associated with the presence of MASLD (chi-
square value ≥ 100); age, DBP, Ln[AST], Ln[TG], 
Ln[sdLDL-C], Ln[hs-CRP], and Ln[C-peptide] 
showed moderate associations with MASLD (chi-
square value ＞50). Excess TG showed the strongest 
association with MASLD among the lipid parameters. 
Since a strong confounding association was found 
between Excess TG and TG/VLDL-C, a multivariate 
logistic regression analysis was performed to identify 
independent explanatory variables for MASLD. TG/
VLDL-C lost its independent association with 
MASLD when Excess TG was entered into the 
analysis. Therefore, Excess TG but not TG/VLDL-C 
was used for the subsequent multivariate analysis. 
Excess TG was independently associated with MASLD 
on sdLDL-C and TG. This association of Excess TG 
with MASLD remained unchanged after adjustment 
for age, sex, and drinking status, even when BMI and 
VFA were included in the variables. 

Fig. 1 depicts the distribution of Excess TG 
values in 1295 patients with type 2 diabetes and ROC 
curves for the determination of cutoff values of Excess 
TG for predicting MASLD. The mean value of Excess 

Table 2. Rogistic regression analysis for MASLD

Univariate χ2 R2 p Multivariate χ2 p R2

Male 5 0.003 ＜0.05 Excess TG 12 ＜0.0005
Current Drinker 4 0.003 ＜0.05 Ln[TG/VLDL-C] 1 0.8
Age 85 0.051 ＜0.0001 0.0586
BMI 164 0.098 ＜0.0001 Excess TG 49 ＜0.0001
VFA 216 0.14 ＜0.0001 Ln[sdLDL-C] 23 ＜0.0001
SFA 123 0.079 ＜0.0001 Ln[TG] 0 0.6
DBP 59 0.035 ＜0.0001 0.0719
HbA1c 10 0.006 ＜0.002 Excess TG 27 ＜0.0001
Ln[C-Peptide] 90 0.054 ＜0.0001 Ln[sdLDL-C] 13 0.0005
Ln[hs-CRP] 87 0.052 ＜0.0001 Ln[TG] 2 0.13
eGFR 29 0.017 ＜0.0001 Age 48 ＜0.0001
Ln[AST] 74 0.002 ＜0.0001 Sex 0 0.97
Ln[ALT] 232 0.138 ＜0.0001 Drinker 0 0.57
Ln[γGTP] 100 0.06 ＜0.0001 0.107
Ln[TG] 91 0.055 ＜0.0001 Excess TG 13 ＜0.0005
Excess TG 116 0.067 ＜0.0001 Ln[sdLDL-C] 11 ＜0.001
Ln[TG/VLDL-C] 102 0.061 ＜0.0001 Ln[TG] 0 0.99
LDL-C 6 0.038 ＜0.02 Age 32 ＜0.0001
HDL-C 50 0.03 ＜0.0001 Sex 0 0.22
NonHDL-C 6 0.003 ＜0.05 Drinker 0 0.25
Ln[sdLDL-C] 75 0.045 ＜0.0001 BMI 0 0.54
ApoB 17 0.01 ＜0.0001 VFA 64 ＜0.0001
Ln[ApoCIII] 25 0.015 ＜0.0001 0.203
Ln[Lp(a)] 17 0.01 ＜0.0001
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RA, SGLT2i, DPP4i, metformin, DBP, HbA1c, 
eGFR, and Ln[C-peptide]. After adjustment for 
Model 2, the odds ratios for Excess TG ranges 2, 3, 
and 4 to MASLD were 2.31, 3.17, and 3.48, 
respectively. However, when Ln[TG], Ln[sdLDL-C], 
HDL-C, BMI, and VFA were all entered into Model 
2, the significant association between higher Excess 
TG ranges and MASLD was partly lost.

 

Discussion

This study extends our previous work, showing a 
close association between sdLDL-C and MASLD 
(formerly MAFLD)8). A novel finding of this study is 
that Excess TG (TG minus VLDL-C×5) is a more 
powerful lipid parameter for identifying MASLD than 
TG or sdLDL-C. The enrichment of VLDL-TG 
relative to that of VLDL-C can also be expressed as 
TG/VLDL-C. However, multiple logistic analyses 
revealed that TG/VLDL-C was inferior to Excess TG 
in identifying MASLD. VLDL is a nascent lipoprotein 
that is secreted directly from the liver and 
subsequently metabolized to LDL in the blood 
circulation. Thus, liver lipid abnormalities may be 
reflected more profoundly by VLDL particles than by 
LDL particles. VLDL particles are heterogeneous and 
can be divided into two main subspecies: large and 
TG-rich VLDL 1 particles (Sf 60–400) and small 
TG-depleted VLDL 2 particles (Sf 20–60)18, 19). Adiels 
et al.16) were the first to report that hepatic fat mass 
regulates VLDL1 production in lipoprotein kinetic 

range: range 1, 21%; range 2, 43%; range 3, 52%; 
and range 4, 58%. Younger age, male sex, higher BMI, 
VFA, SFA, DBP, HbA1c, glucose, and C-peptide 
levels were associated with a higher Excess TG range. 
Similarly, the liver markers AST, ALT, and γ-GTP 
were increased with higher Excess TG ranges; TG, 
sdLDL-C, apo B, non-HDL-C, and apo CIII were 
significantly increased with higher Excess TG ranges, 
while HDL-C was negatively correlated with the 
Excess TG range. The use of metformin, DPP-4 
inhibitors, and SGLT2 inhibitors increased with a 
higher Excess TG range. 

Table 4 shows the odds ratios and 95% CIs 
obtained in the multivariate logistic regression analysis 
for the presence of MASLD with Excess TG ranges 1, 
2, 3, and 4 as explanatory variables. The odds ratios 
(adjusted for age, sex, and drinking status) for Excess 
TG ranges of 2, 3, and 4 and MASLD were 2.31, 
3.17, and 3.48, respectively, relative to an Excess TG 
range of 1. Model 1 consisted of age, sex, alcohol 
consumption, presence of retinopathy, and insulin 
use. GLP-1 RA, SGLT2i, DPP4i, and metformin were 
significantly associated with the presence of MASLD 
(Table 1) and Excess TG range (Table 3). Adjusted 
for Model 1, the odds ratios for Excess TG ranges 2, 3, 
and 4 and MASLD were 2.31, 3.17, and 3.48, 
respectively. Similar odds ratio trends were observed 
when Ln[TG], Ln[sdLDL-C], and HDL-C were 
entered into Model 1, and when BMI and VFA were 
entered into Model 1. Model 2 included age, sex, 
alcohol consumption, retinopathy, insulin use, GLP-1 

Fig. 1.  Distribution of excess TG values in 1295 patients with type 2 diabetes and receiver operator characteristic (ROC) curves for 
the determination of Excess TG cutoff values for prevalence of MASLD

MASLD=metabolic dysfunction associated steatotic liver disease; TG=triglycerides; Excess TG=TG minus 5 x VLDL-C (Total-C minus 
LDL-C minus HDL-C)
AUC=area under the curve 
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between VLDL-TG and VLDL-C, and the 
involvement of VLDL subspecies.

Friedewald et al.20) dev eloped a method for 
calculating LDL-C by assuming that the VLDL-C was 
TG/5. Friedewald’s equation is very close to 

studies, and several subsequent studies have revealed a 
specific association between VLDL1 and liver 
steatosis 27-29). In the present study, VLDL-C 
concentrations were not increased in MASLD despite 
higher TG concentrations, suggesting a dissociation 

Table 3. Clinical characteristics and measurements stratified by Excess TG ranges

Excess TG  (mg/dL) Range1
＜0

Range 2
0-24

Range 3
25-49

Range 4
50＜

p-trend

Excess TG  (mg/dL) -36 (32) 12 (6) 35 (7) 79 (31)
n 684 272 174 152
Men 57% 65% 66% 73% ＜0.0005
Age years 68 (10) 64 (10) 64 (11) 60 (13) ＜0.0001
MASLD 21% 43% 52% 58% ＜0.0001
Current drinker 39% 43% 41% 45% 0.6100
Current smoker 16% 27% 20% 16% 0.1600
Retinopathy 28% 29% 21% 22% 0.1500
BMI kg/m2 24.0 (3.8) 25.8 (3.7) 26.7 (5.1) 26.8 (4.4) ＜0.0001
VFA  cm2 135 (78) 152 (73) 161 (72) 191 (75) ＜0.0001
SFA  cm2 157 (79) 165 (76) 173 (83) 194 (93) ＜0.0001
SBP  mmHg 131 (14) 131 (14) 130 (13) 132 (15) 0.7500
DBP  mmHg 76 (11) 78 (11) 77 (11) 81 (12) ＜0.0005
HbA1c  % 7.2 (0.8) 7.4 (0.8) 7.4 (10.8) 7.5 (0.9) ＜0.0001
Glucose  mg/dL 144 (35) 151 (43) 149 (41) 167 (44) ＜0.0001
C-Peptide ng/mL 1.2 (0.9) 1.8 (1.3) 1.9 (1.1) 2.9 (2.1) ＜0.0001
hs-CRP mg/L 0.014 (0.069) 0.016 (0.03) 0.015 (0.029) 0.015 (0.026) 0.9800
eGFR 70 (19) 71 (20) 71 (19) 73 (20) 0.3800
AST IU 22 (7) 24 (10) 26 (13) 27 (16) ＜0.0001
ALT IU 21 (11) 27 (18) 28 (19) 33 (22) ＜0.0001
γGTP IU 31 (37) 38 (38) 39 (38) 53 (81) ＜0.0001
TG  mg/dL 91 (45) 124 (51) 142 (52) 203 (72) ＜0.0001
TG/VLDL-C 3.6 (0.9) 5.6 (0.4) 7.2 (1.7) 9.0 (2.9) ＜0.0001
Total-C  mg/dL 164 (26) 184 (27) 193 (28) 214 (28) ＜0.0001
LDL-C  mg/dL 101 (23) 103 (26) 103 (23) 102 (24) 0.4600
sdLDL-C mg/dL 27 (12) 31 (13) 33 (13) 39 (16) ＜0.0001
HDL-C  mg/dL 60 (15) 50 (10) 50 (11) 46 (11) ＜0.0001
NonHDL-C  mg/dL 108 (20) 130 (21) 142 (20) 165 (25) ＜0.0001
ApoB   mg/dL 84 (17) 88 (19) 87 (16) 90 (18) ＜0.001
ApoCIII mg/dL 10.2 (3.1) 10.6 (3.4) 11.3 (3.5) 12.8 (4.2) ＜0.0001
ApoE   mg/dL 4.0 (1.2) 3.8 (1.1) 3.9 (0.9) 4.1 (1.0) 0.1000
Lp (a) mg/dL 21 (21) 21 (25) 19 (24) 19 (23) 0.7500
Statins 53% 67% 52% 52% 0.7600
Ezetimibe 4% 7% 5% 6% 0.3700
Sulfonylurea 27% 27% 21% 31% 0.4900
SGLT2 inhibitors 19% 27% 30% 40% ＜0.0001
Metformin 38% 50% 62% 54% ＜0.0001
GLP-1RA 2% 4% 5% 5% 0.0500
DPP-4 inhibitors 59% 61% 68% 73% ＜0.005
Pioglitazone 5% 5% 5% 5% 0.9000
Insulin 23% 22% 18% 19% 0.4300

Excess TG＝ TG  minus  5 x VLDL-C  (Total-C minus LDL-C minus HDL-C)
All continuous variables were expressed as mean±standard deviation (SD)
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actual VLDL-TG (approximate plasma TG) and 
estimated VLDL-TG should be “Excess VLDL-TG” 
relative to “average VLDL-TG.”

A conceptual diagram of Excess TG is shown in 
Fig. 2. In hypertriglyceridemia, VLDL-TG level (150 
mg/dL) was 50 mg/dL higher than the average 
VLDL-TG level (100 mg/dL) estimated from 
VLDL-C (T-C minus LDL-C minus HDL-C) (20 
mg/dL)×5. Therefore, the excess TG was 50 mg/dL.

The direct LDL-C assay was designed to match 
the LDL-C calculated using the Friedewald formula30) 
and Friedewald LDL-C (d=1.006–1.063 g/mL) 
containing IDL-C (d=1.006–1.019 g/mL) 20). 

ultracentrifugal and homogeneous methods for 
measuring LDL-C, and the validity of VLDL-C = 
TG/5, which is central to this equation, is widely 
accepted. However, VLDL-C calculated using TG/5 
overestimated VLDL-C when VLDL1 with a high 
TG/C ratio predominated. Indeed, several studies 
have reported that Friedewald’s LDL-C formula 
overestimates VLDL-C and thus underestimates 
LDL-C in samples with high triglyceride levels21, 22). 
Excess TG is an application of Friedewald’s 
assumption of mean VLDL-C level. That is, “average” 
VLDL-TG can be estimated by VLDL-C (TC minus 
LDL-C minus HDL-C)×5, and the difference between 

Fig. 2. A conceptual diagram of Excess TG
In the case of hypertriglyceridemia, VLDL-TG level (150 mg/dL) was 50 mg/dL higher than the estimated average VLDL-TG level (100 mg/
dL) based on VLDL-C (T-C minus LDL-C minus HDL-C)(20 mg/dL). Thus, the Excess TG would be 50 mg/dL. 

Table 4. Odds ratios and 95% confidence intervals (CI) for MASLD according to Excess TG range

Range 1
＜0 mg/dL

Range 2
0-24mg/dL

Range 3
25-49 mg/dL

Range 4
＞50 mg/dL

Odds 95% CI Odds 95% CI Odds 95% CI Odds 95% CI

Age,  gender, and drinker-adjusted 1.00 (Reference) 2.43 1.79-3.31 3.72 2.60-5.32 3.91 2.67-5.72
Model 1 1.00 (Reference) 2.31 1.68-3.16 3.17 2.19-4.59 3.48 2.35-5.15
Model 1+Ln[TG] 1.00 (Reference) 1.86 1.33-2.59 2.35 1.59-3.48 1.99 1.25-3.17
Model 1 + Ln[TG]+Ln[sdLDL-C] 1.00 (Reference) 1.95 1.40-2.73 2.47 1.66-3.67 2.20 1.37-3.53
Model 1+Ln[TG]+ Ln[sdLDL-C]+HDL-C 1.00 (Reference) 1.86 1.32-2.61 2.40 1.61-3.57 2.14 1.61-3.57
Model 1+BMI 1.00 (Reference) 1.99 1.44-2.76 2.58 1.76-3.79 2.85 1.90-4.28
Model 1+BMI+VFA 1.00 (Reference) 1.53 1.07-2.21 2.32 1.54-3.51 2.33 1.51-3.61
Model 1+BMI+VFA+Ln[TG]+Ln[sdLDL-C]+HDL-C 1.00 (Reference) 1.37 0.93-2.00 1.95 1.26-3.02 1.66 0.99-2.78

Model 2 1.00 (Reference) 1.95 1.40-2.72 2.64 1.80-3.89 2.30 1.00-3.57
Model 2+Ln[TG] 1.00 (Reference) 1.73 1.23-2.43 2.21 1.48-3.31 1.63 1.00-2.66
Model 2 + Ln[TG]+Ln[sdLDL-C] 1.00 (Reference) 1.80 1.28-2.55 2.31 1.54-3.47 1.75 1.07-2.87
Model 2+Ln[TG]+ Ln[sdLDL-C]+HDL-C 1.00 (Reference) 1.74 1.23-2.47 2.26 1.51-3.40 1.72 1.05-2.82
Model 2+BMI 1.00 (Reference) 1.84 1.31-2.58 2.36 1.59-3.51 2.17 1.39-3.37
Model 2+BMI+VFA 1.00 (Reference) 1.47 1.01-2.13 2.19 1.44-3.34 1.90 1.19-3.05
Model 2+BMI+VFA+Ln[TG]+Ln[sdLDL-C]+HDL-C 1.00 (Reference) 1.42 0.97-2.10 2.03 1.30-3.18 1.63 0.95-2.82

Model1: Adjusted for age, gender, current drinker, and retinopathy, and users of insulin. GLP-1 RA, SGLT2i, DPP4i,and metformin
Model2: Adjusted for age, gender, current drinker, and retinopathy, users of insulin. GLP-1 RA, SGLT2i, DPP4i,and metformin, and DBP, HbA1c, 
eGFR, and Ln [C-peptide]
Excess TG＝ TG minus 5 x VLDL-C (Total-C minus LDL-C minus HDL-C)
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influenced the results. Second, this cross-sectional and 
observational study design did not allow us to 
conclude a causal relationship between Excess TG and 
the development of MASLD. Similarly, the causal 
relationship between Excess TG levels and CVD 
development is unknown. Third, it is unclear whether 
Excess TG actually reflects the difference between 
TG-rich VLDL and average VLDL using ultracentrifuges. 
Fourth, the correlation between Excess TG levels and 
the severity of liver steatosis is unknown. Fifth, the 
present results were obtained only from patients with 
type 2 diabetes and did not include non-diabetic 
patients with or without MASLD.  

Conclusion 

Excess TG (TG minus VLDL-C×5) was more 
closely associated with the presence of MASLD than 
TG or sdLDL-C levels. Excess TG may reflect the 
presence of TG-rich VLDL and the overproduction of 
these particles, a central abnormality of lipoprotein 
metabolism in metabolic diseases, including MASLD.
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Therefore, VLDL-C calculated as TC minus LDL-C 
minus HDL-C does not include IDL-C, and an 
increase in IDL-C does not directly affect Excess TG. 
Excess TG includes not only excess VLDL-TG, but 
also excess LDL-TG and HDL-TG. However, the 
majority (＞90%) of plasma TG in the fasting state is 
in VLDL, with only a small fraction of TG in HDL 
and LDL. HDL-TG, in particular, is very low in the 
general population, ranging from to 3–5 mg/dL even 
in hypertriglyceridemic metabolic syndrome31). As 
shown in Table 1, the average LDL-TG level was 14 
mg/dL, which is only 1/7 of the plasma total TG level 
(104 mg/dL). Thus, Excess TG levels may not be 
significantly affected by the presence of LDL-TG.

Overproduction of VLDL1 is a hallmark of lipid 
abnormalities in metabolic disorders 16), such as 
metabolic syndrome, type 2 diabetes, and liver 
steatosis, where hepatic lipogenesis is enhanced by 
insulin resistance/hyperinsulinemia and visceral 
adiposity10, 13). The major sources of liver fat are free 
fatty acid flux from visceral adipose tissues through 
the porta vein, de novo lipogenesis facilitated by 
hyperinsulinemia and hyperglycemia, and TG-rich 
lipoprotein re-uptake11). The VLDL1 concentration is 
regulated by hepatic production and peripheral 
removal. Lipoprotein kinetic studies in patients with 
metabolic syndrome have shown that plasma TG 
concentrations are more strongly regulated by removal 
than production13). Because VLDL1-TG is more closely 
correlated with plasma TG than VLDL2-TG32), 
VLDL1-TG concentrations are also strongly affected 
by TG removal. Thus, liver steatosis may directly 
affect VLDL1-TG production rather than the 
VLDL1-TG concentration. Despite the importance of 
increased VLDL1 production as a consequence of 
hepatic lipogenesis, its measurement requires 
experimental procedures such as stable isotope 
methods. Excess TG is significantly associated with 
adiposity-related parameters, hyperglycemia, 
hyperinsulinemia (C-peptide), and hypertriglyceridemia, 
all of which are known to enhance liver steatosis33). 
Thus, Excess TG may serve as a surrogate marker for 
VLDL1 production. Future studies should examine 
the possibility that Excess TG captures VLDL1 
production beyond the VLDL1 concentration.

This study was associated with several 
limitations. First, it is difficult to distinguish between 
MetALD and MASLD, because they include people 
who consume small amounts of alcohol. However, 
there was no significant difference in Excess TG 
between nondrinkers and current drinkers, and the 
presence of current drinkers did not affect the 
association between Excess TG and MASLD. 
Nevertheless, alcohol consumption may have 
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Supplemental Fig. 1. The effect of excess TG on MASLD for non-drinkers and current drinkers, respectively
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