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Purpose: Remnant cholesterol (RC) is the cholesterol of triglyceride-rich lipoproteins, 
which has a high degree of atherogenic effect. To date, epidemiological evidence sup-
ports that higher RC levels lead to a greater risk of adverse cardiovascular events in 
patients with diabetes, but the nature of the association between RC levels and diabetes 
risk remains unclear. This study was designed to assess the association of RC with the 
risk of new-onset diabetes and to investigate whether there is a causal relationship 
between the two.
Patients and Methods: The subjects included 15,464 individuals of the general population 
who participated in a health examination. Subjects were quartered according to the RC 
quartile, and the Cox proportional hazard model was used to assess the independent 
association between RC and new-onset diabetes.
Results: During an average observation period of 6.13 years, 2.41% of the subjects were 
diagnosed with new-onset diabetes. Kaplan–Meier analysis showed that the 13-year cumu-
lative diabetes rates corresponding to the RC quartile were 8.62%, 2.49%, 12.78%, and 
17.91%. Multivariate Cox regression analysis indicated that higher RC levels were indepen-
dently associated with an increased risk of new-onset diabetes (HR: 2.44, 95% CI: 1.50– 
3.89). Additionally, according to the results of receiver operating characteristic curve analy-
sis, RC had the largest area under the curve (0.7314) compared to traditional lipid parameters 
in predicting new-onset diabetes.
Conclusion: These results indicated that RC is an important independent predictor of new- 
onset diabetes in the general population.
Keywords: diabetes, remnant cholesterol, independent predictor, cohort study

Introduction
Diabetes is an important public health problem worldwide and is common in the 
general population. Diabetes leads to multiple metabolic disorders and a variety of 
acute and chronic complications, affecting the whole body organ system.1–3 Due to 
the significant changes in lifestyle and the ageing of the population, the prevalence 
rate is increasing rapidly.2,4 As reported, the global prevalence rate of type 2 
diabetes was 9.3% in 2019, and this figure is expected to increase to 10.9% by 
2045 with nearly 700 million people worldwide living with diabetes.5 Additionally, 
according to the estimates of the International Diabetes Federation, only approxi-
mately 50% of people with diabetes have been diagnosed,6 and their potential 
disease burden will put great pressure on society and the health care system.1,5 
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Therefore, it is important to understand the changeable 
risk factors for the prevention of diabetes and the control 
of its complications.

Diabetes is an independent risk factor for cardiovascu-
lar disease and its complications. Active control of glucose 
can reduce the risk of cardiovascular disease to some 
extent. However, in recent years, an increasing number 
of studies have suggested that the main contributor to the 
increased risk of diabetes-related cardiovascular disease is 
not abnormal glucose but atherosclerotic lipid abnormal-
ities, which show characteristic quantitative and qualita-
tive changes.7,8 Among them, abnormalities in quantitative 
lipoproteins are characterized by increased levels of trigly-
cerides (TG) and decreased levels of high-density lipopro-
tein cholesterol (HDL-C). Qualitative lipoprotein 
abnormalities include an increase in small dense low- 
density lipoprotein (LDL) and large, very low-density 
lipoprotein subfraction 1, as well as increased triacylgly-
cerol content of LDL and HDL.7,8 Remnant cholesterol 
(RC) is cholesterol-rich in TG lipoprotein, which consists 
of chylomicron remnants, very low-density LDL and inter-
mediate-density lipoprotein.9 In recent years, a number of 
epidemiological, biological, and genetic studies have 
shown that RC is the key component of atherosclerosis, 
and it has a high atherogenic effect.10–13 High levels of RC 
indicate a considerable risk of cardiovascular and cerebro-
vascular events,14–16 especially in patients with type 2 
diabetes.17 Some recent data have shown that the concen-
tration of serum RC is significantly increased in patients 
with type 2 diabetes17,18 and that higher levels of RC not 
only increase the risk of macrovascular disease in patients 
with diabetes but also lead to various complications of 
diabetes.17,19,20 However, the nature of the association 
between RC levels and diabetes risk remains unclear. 
The present study was designed to assess the association 
of RC with the risk of new-onset diabetes and to investi-
gate whether there is a causal relationship between 
the two.

Materials and Methods
Study Population and Design
The present study used data from the NAGALA cohort 
study to investigate the association of RC with the risk of 
new-onset diabetes. The design details of the NAGALA 
cohort have been described elsewhere.21 In simple terms, 
this cohort was established in 1994 and continues to be 
included in the general population enrolled in the health 

checkup program at Murakami Memorial Hospital where 
approximately 60% of participants are checked once or 
twice a year. Considering that many participants were 
expected to undergo repeated examinations, the 
NAGALA cohort study conducted a follow-up survey of 
new-onset diabetes and fatty liver events. At present, the 
available data in the NAGALA cohort have been shared 
with the DRYAD database by Okamura et al, and these 
researchers have transferred the ownership of the data to 
the DRYAD database.22 According to the DRYAD data 
terms of service, researchers can make full use of the 
dataset for secondary analysis on the basis of the new 
research hypothesis. In previous studies, Okamura et al 
explored the relationship between ectopic fat obesity and 
diabetes.21 Based on a recent literature study, the present 
study established a new research hypothesis and extracted 
the dataset of the NAGALA cohort from 2004 to 2015, 
which included general data on 20,944 subjects who com-
pleted at least two health examinations. Subjects with the 
following characteristics were excluded from the study: (i) 
1131 subjects diagnosed with diabetes or impaired fasting 
glucose at baseline; (ii) 2321 subjects who were taking 
oral medications at baseline; (iii) 416 subjects with viral/ 
alcoholic hepatitis at baseline; (iv) 863 subjects with miss-
ing covariate data; (v) 739 subjects who drank excessively 
(alcohol consumption over 40 g/day for women and 60 g/ 
day for men);23 and (vi) 10 subjects who did not partici-
pate in the study for unknown reasons. Since the design of 
the study had been authorized by the Murakami Memorial 
Hospital Ethics Committee in the previous study,21 the 
Ethics Committee of Jiangxi Provincial People’s Hospital 
exempted the repeated application for ethical approval for 
this study (ethical review No. 2021–066).

Data Collection and Measurement
Data collection and measurement of subjects in the 
NAGALA cohort have been described in previous 
studies.21 In short, trained health care workers used stan-
dardized self-administered questionnaires to collect infor-
mation on the study population’s clinical disease history, 
medication history, lifestyle factors (history of smoking, 
drinking, and physical exercise), and general demographic 
data [waist circumference (WC), sex, weight, systolic/dia-
stolic blood pressure (S/DBP), age, and height]. Blood 
samples for biochemical analysis were taken after fasting 
for 8 hours, and the levels of HDL-C, aspartate amino-
transferase (AST), total cholesterol (TC), hemoglobin A1c 
(HbA1c), gamma-glutamyl transferase (GGT), fasting 

https://doi.org/10.2147/DMSO.S341285                                                                                                                                                                                                                               

DovePress                                                                                             

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2021:14 4736

Xie et al                                                                                                                                                               Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


blood glucose (FPG), TG and alanine aminotransferase 
(ALT) were measured by an automatic analyzer.

Definition and Calculation
Alcohol consumption was classified by assessing the 
amount and type of alcohol consumed weekly over 
a period of nearly 1 month (heavy: more than 280 g/ 
week; moderate: 140–280 g/week; light: 40–140 g/week; 
none or small: less than 40 g/week).23

Smoking status was assessed and classified by asking 
about smoking history at the baseline visit (none, past, and 
current).

Exercise habits were defined as participating in any 
type of exercise more than once a week.

Fatty liver was evaluated by ultrasound. First, colour 
Doppler ultrasound was performed by technicians through 
the AlokaSSD-650CL imaging system, and the diagnosis 
of fatty liver was then made by experienced 
gastroenterologists.24

The diagnosis of diabetes referred to the criteria of the 
American Diabetes Association,25 including FPG ≥ 7.0 
mmol/L, HbA1c ≥ 6.5%, or starting diabetes treatment. 
Additionally, the self-reported diagnosis of diabetes from 
the subjects was also adopted.

Body mass index (BMI) was calculated as weight 
divided by height2;

Non-HDL-C was calculated as TC - HDL-C;26

LDL-C concentrations were calculated using the mod-
ified Friedewald equation: LDL-C (mg/dl) = Non-HDL-C 
x 90% - TG x 10%;26

RC was calculated as non-HDL-C - LDL-C.27

Statistical Analysis
RC was divided into four categories by quartile, and base-
line data were statistically described according to RC 
categories. The differences between RC groups were com-
pared using a nonparametric test, one-way ANOVA, or 
Chi-square test. The Kaplan–Meier method was used to 
calculate the cumulative incidence of diabetes in the gen-
eral population. A Cox proportional hazard model was 
then established for univariate and multivariate analyses, 
and multiple linear regression was used to check the col-
linearity of covariates (Supplementary Table 1).28 In the 
present study, a total of three multivariate regression mod-
els were constructed according to the suggestion of 
STROBE’s statement,29 among which Model III was 
a completely adjusted model. In this model, in addition 
to adjusting the variables with a P value <0.05 in the 

univariate analysis, other variables (alcohol consumption 
and exercise habits) considered to be related to diabetes 
were also included in the model. Model II adjusted for 
covariables that changed RC-related diabetes matching 
risk by more than 10%.30 Model I was a fine-tuning 
model as it was adjusted only for BMI, sex, and age. 
Additionally, to observe whether RC and diabetes maintain 
a linear trend, the study included the RC quartile as 
a continuous variable in the multivariate regression 
model for trend analysis. If there was no obvious linear 
trend between RC and diabetes, the generalized additive 
model was further used to visualize the relationship 
between them through cubic spline smoothing. We also 
used the Cox regression model to perform an exploratory 
stratified analysis in different populations, and we deter-
mined whether there were significant differences among 
different stratifications by the likelihood ratio test. Finally, 
we also constructed receiver operating characteristic 
curves to estimate the ability of RC and other conventional 
lipids to predict new-onset diabetes.

Statistical software package R (version 3.4.3) and 
Empower Stats (R, version 2.0) were used to analyze all 
the data in this study. Bilateral P < 0.05 was considered as 
a significant standard.

Results
Baseline Characteristics of Subjects
The present study analyzed 15,464 subjects who met the 
inclusion and exclusion criteria. In this population, 8430 
(54.51%) men and 7034 (45.49%) women had a mean 
age of 43.71 (8.90) years, and 2741 subjects (17.73%) 
had fatty liver disease at baseline. The mean follow-up 
was 6.13 years, ranging from 0.46 years to 13.14 years. 
During the follow-up period, 373 people were diagnosed 
with new-onset diabetes. Kaplan-Meier analysis showed 
that the 13-year cumulative incidence of diabetes corre-
sponding to the quartile of RC was 8.62%, 2.49%, 
12.78%, and 17.91% (log-rank P<0.0001).

The baseline characteristics of the study subjects by 
RC level are summarized in Table 1. With the increase 
in the level of RC, the proportion of men gradually 
increased, the proportion of women decreased, and the 
proportion of people who smoke and drink alcohol also 
gradually increased, suggesting that sex, smoking, and 
drinking may be associated with RC. In addition, in the 
group with higher RC levels, age, weight, TC, AST, 
DBP, non-HDL-C, ALT, WC, TG, HbA1c, LDL-C, 
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SBP, BMI, GGT, and FPG were higher. In the lower RC 
group, more people maintained exercise habits and had 
higher HDL-C levels.

Univariate Analysis
Table 2 summarizes the results of the univariate analysis 
of the association between covariates and new-onset 

Table 1 Baseline Characteristics of Four Groups

RC Quartiles P-value

Quartile 1 (0.17–0.43) Quartile 2 (0.43–0.53) Quartile 3 (0.53–0.67) Quartile 4 (0.67–2.72)

Participants, n 3865 3867 3865 3867

Sex <0.001

Women 2673 (69.16%) 2039 (52.73%) 1485 (38.42%) 837 (21.64%)

Men 1192 (30.84%) 1828 (47.27%) 2380 (61.58%) 3030 (78.36%)

Age, years 39.00 (35.00–44.00) 42.00 (37.00–49.00) 45.00 (39.00–52.00) 46.00 (39.00–53.00) <0.001

Weight, kg 54.36 (9.04) 58.31 (10.22) 62.07 (11.02) 67.81 (11.59) <0.001

BMI, kg/m2 20.33 (2.35) 21.47 (2.70) 22.57 (2.96) 24.10 (3.13) <0.001

WC, cm 70.94 (7.01) 74.36 (8.09) 77.90 (8.50) 82.68 (8.32) <0.001

ALT, U/L 14.00 (11.00–18.00) 15.00 (12.00–20.00) 18.00 (14.00–24.00) 22.00 (17.00–31.00) <0.001

AST, U/L 16.00 (13.00–19.00) 17.00 (14.00–20.00) 17.00 (14.00–21.00) 19.00 (16.00–24.00) <0.001

GGT, U/L 12.00 (10.00–16.00) 14.00 (11.00–18.00) 16.00 (12.00–23.00) 22.00 (16.00–34.00) <0.001

HDL-C, mmol/L 1.68 (0.40) 1.56 (0.38) 1.42 (0.35) 1.19 (0.29 <0.001

TC, mmol/L 4.36 (0.57) 4.94 (0.59) 5.35 (0.66) 5.85 (0.82) <0.001

TG, mmol/L 0.41 (0.32–0.50) 0.61 (0.51–0.73) 0.88 (0.73–1.05) 1.52 (1.23–1.95) <0.001

Non-HDL-C, mmol/L 2.68 (0.41) 3.38 (0.40) 3.94 (0.50) 4.67 (0.74) <0.001

LDL-C, mmol/L 2.31 (0.38) 2.90 (0.39) 3.34 (0.48) 3.81 (0.70) <0.001

HbA1c, % 5.10 (0.30) 5.15 (0.31) 5.19 (0.32) 5.24 (0.34) <0.001

FPG, mmol/L 4.98 (0.38) 5.10 (0.40) 5.22 (0.39) 5.34 (0.38) <0.001

SBP, mmHg 108.20 (12.92) 112.30 (14.00) 116.15 (14.47) 121.33 (15.19) <0.001

DBP, mmHg 66.80 (9.20) 70.05 (9.74) 72.82 (10.08) 76.66 (10.38) <0.001

Fatty liver 107 (2.77%) 297 (7.68%) 735 (19.02%) 1602 (41.43%) <0.001

Exercise habits 696 (18.01%) 731 (18.90%) 655 (16.95%) 627 (16.21%) 0.011

Alcohol consumption <0.001
None 3180 (82.28%) 3002 (77.63%) 2903 (75.11%) 2720 (70.34%)

Light 373 (9.65%) 439 (11.35%) 464 (12.01%) 482 (12.46%)

Moderate 247 (6.39%) 307 (7.94%) 356 (9.21%) 450 (11.64%)
Heavy 65 (1.68%) 119 (3.08%) 142 (3.67%) 215 (5.56%)

Smoking status <0.001
None 2844 (73.58%) 2468 (63.82%) 2070 (53.56%) 1649 (42.64%)

Past 513 (13.27%) 664 (17.17%) 840 (21.73%) 935 (24.18%)

Current 508 (13.14%) 735 (19.01%) 955 (24.71%) 1283 (33.18%)

Note: Values were expressed as mean (SD) or medians (quartile interval) or n (%). 
Abbreviations: BMI, body mass index; WC, waist circumference; ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, gamma-glutamyl transferase; HDL- 
C, high-density lipoprotein cholesterol; TC, total cholesterol; Non-HDL-C, non-high-density lipoprotein-cholesterol; LDL-C, low density lipoprotein cholesterol; TG, 
triglyceride; RC, remnant cholesterol; HbA1c, hemoglobin A1c; FPG, fasting plasma glucose; SBP, systolic blood pressure; DBP, diastolic blood pressure.
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diabetes. Without adjusting for other variables, all of the 
covariables, except exercise habits and alcohol consump-
tion, were associated with new-onset diabetes, and only 
HDL-C was negatively associated with new-onset dia-
betes. Among all covariates with a positive correlation 
with diabetes, the variables reflecting blood glucose meta-
bolism, such as FPG and HbA1c, had the strongest corre-
lation with diabetes followed by RC and fatty liver.

Correlation Between RC and New-Onset 
Diabetes in the Multivariate Adjustment 
Model
Multivariate Cox proportional hazard models were estab-
lished to evaluate the independent effect of RC on the risk 
of new-onset diabetes (Table 3). In the fine-tuning model 
(Model I), each additional 1 mmol/L RC increased the risk 
of new-onset diabetes by 355%, and the risk of diabetes 
increased gradually as RC increased (P-trend <0.001). 
Model II adjusted for fatty liver, HbA1c, BMI, FPG, SBP, 
and TC. The results of Model II showed that the positive 
correlation between RC and the risk of new-onset diabetes 
was slightly weaker than that of Model I [hazard ratios (HR) 
2.74, 95% confidence interval (CI) 1.72–4.36], and the trend 
of linear positive correlation disappeared (P-trend=0.0722). 
After further adjustment of the covariates (Model III), the 
positive correlation between RC and diabetes decreased by 
10.95% compared to Model II. With each 1 mmol/L increase 
in RC, the risk of new-onset diabetes increased by 144%, 
and the positive linear correlation between the RC and new- 
onset diabetes disappeared (HR: 2.44, 95% CI: 1.50–3.89; 
P-trend=0.2295), further suggesting that they are not linear 
correlations. On this basis, the generalized additive model 
was used to fit the correlation between the continuous vari-
able, RC, and new-onset diabetes. The results indicated that 
the relationship between the two variables was nonlinear, 
and the inflection point of the curve correlation occurred 
when RC was approximately 0.6 mmol/L (Figure 1). In 
addition, to test the robustness of the main analysis results, 
we conducted a sensitivity analysis after excluding patients 
with a baseline diagnosis of fatty liver, and the results 
showed a stronger independent correlation (Supplementary 
Table 2). Overall, the multivariate analysis indicated that RC 
was an independent risk factor for new-onset diabetes, and 
the retrospective cohort design of this study suggested 
a causal association.

Table 2 Associations of Baseline Variables with Prevalence 
Diabetes by Univariate Regression Analyses

HR (95% CI) P-value

Sex

Women Ref

Men 2.52 (1.98, 3.21) <0.0001

Age 1.06 (1.04, 1.07) <0.0001

Fatty liver

No Ref

Yes 7.02 (5.70, 8.63) <0.0001

Weight 1.06 (1.05, 1.06) <0.0001

BMI 1.24 (1.22, 1.27) <0.0001

WC 1.09 (1.08, 1.10) <0.0001

ALT 1.01 (1.01, 1.01) <0.0001

AST 1.01 (1.01, 1.01) <0.0001

GGT 1.01 (1.01, 1.01) <0.0001

Exercise habits

No Ref

Yes 0.76 (0.56, 1.02) 0.0641

HDL-C 0.13 (0.09, 0.18) <0.0001

TC 1.49 (1.34, 1.66) <0.0001

TG 1.80 (1.68, 1.92) <0.0001

Non-HDL-C 1.79 (1.64, 1.96) <0.0001

LDL-C 1.78 (1.60, 1.99) <0.0001

RC 11.12 (8.51, 14.52) <0.0001

HbA1c 54.27 (39.49, 74.59) <0.0001

FPG 25.37 (18.71, 34.42) <0.0001

SBP 1.03 (1.03, 1.04) <0.0001

DBP 1.05 (1.04, 1.06) <0.0001

Alcohol consumption

None Ref

Light 0.90 (0.65, 1.26) 0.5508

Moderate 1.15 (0.82, 1.62) 0.4240

Heavy 2.24 (1.54, 3.27) <0.0001

Smoking status

None Ref

Past 1.65 (1.26, 2.18) 0.0004

Current 2.58 (2.06, 3.24) <0.0001

Abbreviations: CI, confidence interval; HR, hazard ratios; BMI, body mass index; WC, 
waist circumference; ALT, alanine aminotransferase; AST, aspartate aminotransferase; 
GGT, gamma-glutamyl transferase; HDL-C, high-density lipoprotein cholesterol; TC, 
total cholesterol; Non-HDL-C, non-high-density lipoprotein-cholesterol; LDL-C, low 
density lipoprotein cholesterol; TG, triglyceride; RC, remnant cholesterol; HbA1c, 
hemoglobin A1c; FPG, fasting plasma glucose; SBP, systolic blood pressure; DBP, diastolic 
blood pressure.
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Hierarchical Analysis and Interaction Test
Table 4 presents the results of a hierarchical analysis of 
RC and new-onset diabetes in different populations with 
the likelihood ratio test examining the differences among 
different subgroups. The results showed that although RC 
had a higher risk of new-onset diabetes among middle- 
aged, female, and non-obese people, there was no signifi-
cant difference among groups according to the likelihood 
ratio test. RC-related diabetes risk had no significant inter-
action with age, sex, BMI, abdominal obesity, or exercise 
habits. Overall, the positive association of RC with new- 
onset diabetes was stable in the general population.

Predictive Value of RC for the Risk of 
New-Onset Diabetes
Table 5 shows the area under the receiver operating curve 
(AUROC) for RC and other conventional lipid parameters 

used to predict the risk of new-onset diabetes. Compared 
to TG, TC, non-HDL-C, HDL-C and LDL-C, RC had the 
largest AUROC (0.7314), a sensitivity of 71.85%, 
a specificity of 63.60%, and the best threshold was 
0.5959 (Figure 2). Additionally, it is worth noting that 
the accuracy of RC in predicting the risk of new-onset 
diabetes increased by 12.66% compared to TC. We further 
incorporated the best threshold of RC as a cut-off point 
into the multivariate regression model, and the results 
showed that even in the fully adjusted model, higher RC 
was positively correlated with new-onset diabetes 
(Supplementary Table 3).

Discussion
This retrospective cohort study of 15,464 subjects exam-
ined the relationship of RC with new-onset diabetes and 
found that RC was an independent risk factor for new- 
onset diabetes, independent of other traditional diabetes 
risk factors. The results of the subgroup analysis further 
supported the stable association between RC and new- 
onset diabetes in the general population. To the best of 
our knowledge, the present study provides the first evi-
dence of an independent association between RC and new- 
onset diabetes.

In recent years, RC has been widely studied in the 
cardiovascular field, and it is considered to be the main 
factor mediating the residual risk of major cardiovascular 
events.15,16 Animal experiments and in vitro studies have 
found that high levels of RC promote the process of 
atherosclerosis. Similar to LDL-C, RC can penetrate the 
arterial wall, be engulfed by macrophages and lead to 
foam cell formation. Moreover, RC also promotes foam 
cell formation by upregulating the expression of scavenger 
receptors.31–34 Additionally, high levels of RC have been 
shown to be associated with arterial wall inflammation in 
cases of intimal injury.35 These findings have also been 
confirmed in clinical observational studies, which have 

Table 3 Multivariate Regression Analysis of the Relationship Between RC and New-Onset Diabetes

HR (95% CI) P-trend

Multivariable Analysis Quartile 1 Quartile 2 Quartile 3 Quartile 4

Non-adjusted Model 11.12 (8.51, 14.52) Ref 1.32 (0.81, 2.15) 3.07 (2.00, 4.70) 6.73 (4.51, 10.05) <0.0001

Model I 4.55 (3.16, 6.55) Ref 0.84 (0.51, 1.38) 1.41 (0.91, 2.19) 2.09 (1.36, 3.21) <0.0001
Model II 2.74 (1.72, 4.36) Ref 0.91 (0.55, 1.50) 1.12 (0.70, 1.79) 1.34 (0.81, 2.21) 0.0722

Model III 2.44 (1.50, 3.98) Ref 0.85 (0.51, 1.40) 1.00 (0.62, 1.61) 1.15 (0.69, 1.92) 0.2295

Notes: Model I adjusted for sex, age and BMI; Model II adjusted for fatty liver, BMI, TC, HBA1C, FPG, and SBP; Model III adjusted for sex, age, BMI, fatty liver, ALT, AST, 
exercise habits, GGT, TC, HbA1c, alcohol consumption, smoking status, FPG and SBP. 
Abbreviations: CI, confidence interval; HR, hazard ratios; RC, remnant cholesterol.

Figure 1 Nonlinear relationship between RC and the risk of new-onset diabetes. 
The area between the blue dotted lines shows 95% confidence interval. 
Abbreviation: RC, remnant cholesterol.
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reported that RC is associated with the progression of 
atherosclerosis and is independent of other lipid factors. 
Genetic studies have further demonstrated that there is 
a causal link between higher levels of RC and coronary 
artery disease.15,36,37 In addition to these findings, 
a growing body of evidence links RC with diabetes and 
other metabolic diseases with higher levels of RC signifi-
cantly increasing the risk of complications and major 
adverse cardiovascular events in patients with 
diabetes.17–20 According to Sascău et al, triglyceride-rich 
lipoproteins and their remnants are silenced promoters of 
atherosclerotic cardiovascular disease and other metabolic 
diseases.38 Hadi et al reported that RC is associated with 
prediabetes, and they suggested that RC might have 

a certain influence on glucose metabolism.39 However, 
the nature of the relationship of RC with new-onset dia-
betes is unclear, and in this context, the present study 
investigated the association between them. In the present 
study, the univariate analysis demonstrated that RC was an 
important marker second only to glucose metabolism para-
meters among many risk factors for diabetes. Further 
multivariate analysis demonstrated that the association 
between RC and diabetes was independent and not 
affected by other risk factors. The present study also 
assessed the association between RC and diabetes in dif-
ferent populations. Hierarchical Cox regression analysis 
showed that the risk of diabetes associated with RC was 
higher in middle-aged, female, and non-obese people. 

Table 4 Stratified Associations Between RC and New-Onset Diabetes by Age, Sex, Abdominal Obesity, Habit of Exercise and BMI

Subgroup No. of Participants Adjusted HR (95% CI) P-Interaction

Age (years) 0.4120
18–30 674 0.77 (0.00, 127.17) 0.9207

31–45 8810 3.20 (1.84, 5.58) <0.0001

46–60 5434 1.77 (0.94, 3.30) 0.0747
>60 546 1.43 (0.36, 5.63) 0.6114

Sex 0.2459

Women 7034 4.08 (1.46, 11.40) 0.0073

Men 8430 2.10 (1.35, 3.27) 0.0010

Abdominal obesity 0.8076

No 13,450 2.32 (1.38, 3.89) 0.0014
Yes 2014 2.10 (1.09, 4.05) 0.0275

BMI (kg/m2) 0.4953
<25 12,940 2.81 (1.61, 4.88) 0.0118

≥25 2524 2.13 (1.18, 3.84) 0.0003

Exercise habits 0.9620

Yes 2709 2.24 (0.78, 6.42) 0.1339

No 12,755 2.30 (1.48, 3.58) 0.0002

Note: Abdominal obesity was defined as a waist circumference ≥90 cm in men or ≥80 cm in women as a cut-off; adjusted for HbA1c, alcohol consumption, smoking status, 
FPG, SBP, SEX, exercise habits and age. 
Abbreviations: CI, confidence interval; HR, hazard ratios; RC, remnant cholesterol; BMI, body mass index.

Table 5 Areas Under the Receiver Operating Characteristic Curves for Each Lipid Parameters in Identifying Diabetes

AUROC 95% CI Best Threshold Specificity Sensitivity

HDL-C 0.7193 0.6937–0.7448 1.3279 0.5969 0.7534

TC 0.6048 0.5754–0.6342 5.3659 0.6302 0.5442
TG 0.7269 0.7008–0.7531 0.8750 0.6218 0.7373

Non-HDL-C 0.6808 0.6542–0.7074 3.8053 0.5949 0.6729

LDL-C 0.6496 0.6217–0.6774 3.2534 0.6179 0.6086
RC 0.7314 0.7058–0.7569 0.5959 0.6360 0.7185

Abbreviations: AUROC, area under the receiver operating curve; HDL-C, high-density lipoprotein cholesterol; TC, total cholesterol; TG, triglyceride; Non-HDL-C, non- 
high-density lipoprotein-cholesterol; LDL-C, low density lipoprotein cholesterol; RC, remnant cholesterol.
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However, further interaction tests did not find significant 
differences among subgroups. These results indicated that 
the relationship of RC with new-onset diabetes is rela-
tively stable in the general population. However, the num-
ber of new-onset diabetes cases in the present study may 
be too low, suggesting that further follow-up studies are 
needed.

Previous studies have shown that TG, HDL-C, and non- 
HDL-C in conventional lipid profiles are good lipid para-
meters for predicting diabetes risk.40,41 In the present study, 
the AUROC of non-HDL-C, TG, LDL-C, HDL-C, RC, and 
TC for predicting the risk of new-onset diabetes was calcu-
lated by ROC analysis. The results showed that the AUROC 
of RC was greater than that of conventional lipid parameters in 
predicting the risk of new-onset diabetes, suggesting that RC 
may be a better indicator of glucose metabolism disorders.42 

Importantly, people with diabetes often have higher levels of 
RC,17,18 and measuring RC may help to distinguish between 
high-risk patients who are prone to diabetes.

The mechanisms that explain the association between 
RC and new-onset diabetes are uncertain, but insulin 
resistance (IR) may be involved in and mediate this asso-
ciation. In a previous study, Ohnishi et al analysed the 
relationship between blood lipid parameters and IR in 472 
rural community residents, and they reported that fasting 

RC is closely related to IR.42 Subsequent studies by 
Funada et al found that postprandial RC is also an inde-
pendent predictor of IR regardless of age, BMI, and other 
lipid profiles.43 These conclusions further suggest that RC 
has a stable association with IR; however, whether RC is 
a better alternative marker for IR needs further research. In 
addition, in recent clinical trials, some scholars have sug-
gested that resistance exercise, Liraglutide and 
Empagliflozin can significantly reduce the level of RC in 
patients with type 2 diabetes, and Empagliflozin can sig-
nificantly improve the status of IR in patients with type 2 
diabetes.44–46 In addition to IR, RC may also directly 
cause β-cell dysfunction, which in turn leads to reduced 
insulin secretion.47 Additionally, Shirakawa et al reported 
that not only is the remnant lipoprotein particle size in 
patients with type 2 diabetes significantly larger than that 
in healthy people but that these remnant lipoproteins are 
also regulated by circulating lipoprotein lipase (LPL) and 
adiponectin.48 LPL and adiponectin are negatively corre-
lated with remnant lipoproteins, and they may mediate the 
clearance of RC.49,50 Therefore, we speculated that when 
RC exceeds a certain threshold, the regulatory effect of 
LPL and adiponectin on RC may be weakened, thus 
further increasing the risk of diabetes.

Advantages and Limitations of Research
The present study confirmed the independent association 
between RC and new-onset diabetes for the first time in 
a large cohort, and it provided the AUROC and best 
threshold for RC in predicting new-onset diabetes.

The present study had several limitations. First, there 
was no oral glucose tolerance test to diagnose diabetes in 
this study. According to the results of a previous colla-
borative analysis of Asian and European diabetes epide-
miological diagnostic criteria, approximately 68% of new 
cases of diabetes were detected in the European population 
only through FPG compared to 55% in Asia.51,52 

Therefore, the actual incidence of diabetes may be higher. 
Second, IR measurement data were lacking in this study. 
Although the relationship of RC with IR has been demon-
strated in previous studies, further research is needed to 
determine whether the relationship of RC with diabetes is 
mediated by IR. Third, the present study did not differ-
entiate between types of diabetes. However, the findings of 
this study may be more applicable to assessing the risk of 
developing type 2 diabetes because the incidence of type 1 
diabetes is extremely low in Japan.53 Fourth, the conclu-
sion of this study is currently mainly applicable to 

Figure 2 Receiver operating characteristic curve of RC and other lipid 
components. 
Abbreviations: RC, remnant cholesterol; TG, triglycerides; HDL-C, high density 
lipoprotein cholesterol; LDL-C, low density lipoprotein; TC, total cholesterol; Non- 
HDL-C, non-high-density lipoprotein-cholesterol.
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Japanese people, and the association between RC and 
diabetes in other ethnic groups needs to be further studied. 
Finally, information, such as hip circumference, neck cir-
cumference, and dietary habits, may help to better under-
stand the association of RC with diabetes, but these 
parameters were lacking in the dataset used in this study, 
suggesting that the present study may have had some 
unmeasured confounding.

Conclusion
In summary, the present study demonstrated that RC is 
an important independent predictor of new-onset dia-
betes in the general population, independent of tradi-
tional diabetes risk factors. These data suggested that 
RC has the potential to serve as a clinical biomarker for 
assessing the risk of new-onset diabetes in the general 
population. Considering the great potential harm of dia-
betes to the body, it is also necessary to measure RC 
while monitoring other blood lipid markers in the gen-
eral population.

Abbreviations
RC, Remnant cholesterol; ROC, receiver operating char-
acteristic curve; TG, triglycerides; HDL-C, high density 
lipoprotein cholesterol; LDL, low density lipoprotein; WC, 
waist circumference; S/DBP, systolic/diastolic blood pres-
sure; GGT, gamma-glutamyl transferase; HbA1c, hemo-
globin A1c; AST, aspartate aminotransferase; TC, total 
cholesterol; FPG, fasting blood glucose; ALT, alanine 
aminotransferase; HR, hazard ratios; CI, confidence inter-
val; AUROC, area under the receiver operating curve; IR, 
insulin resistance.
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