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Abstract

Background
It has been reported that remnant cholesterol (RC) is associated with coronary artery disease (CAD) and
diabetes mellitus(DM). However, there is limited evidence on the association between RC and glucose
metabolism status in coronary heart disease (CHD) angina pectoris patients.

Methods
The study collected 11557 patients who were diagnosed with CHD angina pectoris in Tianjin, China.
Participants were divided into normal glucose regulation (NGR), prediabetes (Pre-DM) and diabetes
mellitus (DM) according to glucose metabolism status. RC was calculated as total cholesterol (TC) minus
low-density lipoprotein cholesterol (LDL-C) minus low-density lipoprotein cholesterol (HDL-C). Linear
regression analysis was used to explore the relationship between glucose metabolism [fasting blood
glucose (FBG) and hemoglobin A1c (HbA1c)] and RC. Logistic regression was performed to analyze the
relationship between the RC and Pre-DM and DM.

Results
Among all participants, 5883 (50.9%) were in DM status, 4034 (34.9%) wre in Pre-DM status and 1640
(14.2%) were in NGR status. FBG levels and HbA1c levels were positively related with RC in all participants
(P < 0.001). NGR was used as a reference, multi-adjusted showed that RC was signi�cantly associated
with Pre-DM [Odds ratio (OR): 1.365; 95% con�dence interval (CI) 1.290–1.672; P < 0.001] and DM
(OR:1.468; 95% CI 1.290–1.672; P < 0.001). When considering RC as categorical variables (tertiles), using
T1(< 1.1) as a reference, T3 had the highest relationship between RC and Pre-DM and DM in crude modle
and multi-adjusted modle. The association between RC and pre-DM [(OR: 1.442; 95% CI 1.225–1.696) vs.
(OR: 1.264; 95% CI 1.052–1.518)] and DM [(OR: 1.460; 95% CI 1.245–1.713) vs. (OR: 1.406; 95% CI 1.181–
1.673)] in females was higher than males. The fully adjusted of OR value in the elderly patients was higher
than that in the middle-aged patients in the Pre-DM (OR: 1.401 vs. OR: 1.360) and DM (OR: 1.485 vs. OR:
1.406). The relationship between RC and Pre-DM and DM was statistically signi�cant by the different
smoking and drinking strati�cation analyses (all P < 0.05).

Conclusion
The current study demonstrated that there was a signi�cance association between RC and pre-DM and
DM among CHD angina pectoris patients, and and the relationship was higher in females and elderly
patients.

1 Introduction
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Coronary heart disease (CHD) angina pectoris belongs to atherosclerotic cardiovascular disease (ASCVD),
usually associated with myocardial ischemia or hypoxia [1], which is a common clinical cardiovascular
disease, and its incidence and death rate are increasing year by year, which seriously affects the quality of
life of patients seriously [2]. Diabetes mellitus (DM) is a risk factor for coronary artery disease patients
(CAD), independent of traditional risk factors such as hypertension, dyslipidemia and smoking [3]. Pre-
diabetes (Pre-DM) is the precursor stage of type 2 diabetes mellitus (T2DM) and is also considered to be a
risk factor for the development of cardiovascular disease [4]. A growing number of studies have reported
that CAD has a higher risk of adverse prognosis in Pre-DM and DM [5–7].

Remnant cholesterol (RC) is the cholesterol content of triglyceride-rich lipoproteins, which is including the
Very Low-Density Lipoproteins (VLDL), the Intermediate-Density Lipoproteins (IDL) and chylomicron
remnants [8–9]. In recent years, a number of clinical studies have shown that RC is calculated directly from
lipid parameters, is a key component of atherosclerosis, and has a strong atherogenic effect [10–11]. In
addition, studies have shown that dyslipidemia plays a crucial role in pre-DM and DM [12–14]. A study
found RC is an independent predictor of new-onset diabetes in healthy individuals [15]. However, little
literature has reported the relationship between RC levels and Pre-DM and DM in patients with CHD angina
pectoris.

Taking into account above factors described, the study aimed to clarify the relationship between RC levels
and Pre-DM and DM, and to further investigate the relationship in the speci�c strati�cation of sexs, ages,
drinking and smoking.

2 Method

2.1 Study participants
A retrospective cohort study was conducted on the treatment of CHD angina pectoris with Chinese Patent
Medicine in six clinical medical units in Tianjin, China between September 1, 2014, and September 1, 2019.
The number of 28517 participants with CHD angina pectoris who met the research criteria were collected
to establish a large database named Retrospective Cohort Study on Adjuvant Treatment of Coronary Heart
Disease Angina Pectoris with Chinese Patent Medicine (RCSCD-TCM). The study only used baseline
investigation data from the RCSCD-TCM study to investigate the association between RC and Pre-DM and
DM, and the inclusion criteria and exclusion criteria for the RCSCD-TCM study have been described
elsewhere [16]. Therefore, on this basis, we screened the patients with relatively complete information on
lipid parameters, FBG (fasting plasma glucose), and HbA1c (glycated haemoglobin). Finally, 11557
participants were enrolled in the study.

The study has passed the ethical review by the ethics committee of Tianjin university of Traditional
Chinese Medicine. The ethical review approval number is TJUTCM-EC20190008. It was registered in the
Chinese Clinical Trial Registry on July 14, 2019 (registration number: ChiCTR1900024535) and in Clinical
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Trials.gov on July 18, 2019 (registration number: NCT04026724). The data was anonymized, and
therefore the requirement for informed consent was waived.

2.2 Information collection
Collection of patient general clinical information by trained physicians. This recorded information included
sex, age, clinical disease history, medication history, smoking history and drinking history. Experienced
technicians used automated blood pressure monitors to measure systolic blood pressure (SBP) and
diastolic blood pressure (DBP).

All participants collected fasting venous blood samples in the early morning. Plasma levels of total
cholesterol (TC), triglycerides (TG), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein
cholesterol (LDL-C) and FBG were measured directly by an automatic hematology analyzer. HbA1c was
measured by an automated performance liquid chromatography analyzer. Even in different hospitals,
quality control is carried out according to standard laboratory procedures.

RC = TC-LDL-C-HDL-C [17]. All participants were categorized into tertiles according to the RC index: T1: RC < 
0.45mmol/L, T2: mmol/L0.45 ≤ RC ≤ 0.83mmol/L, T3: RC > 0.83mmol/L. Non-traditional lipid parameters:
non-high-density lipoprotein cholesterol (Non-HDL-C) = TC – HDL-C, Non-HDL-C/ HDL-C = (TC – HDL-C) /
HDL-C, LDL-C/HDL-C, TG/HDL-C. Hypertension was de�ned as SBP ≥ 140 mmHg or/and DBP ≥ 90 mmHg,
or use of anti-hypertensive medication therapy [18]. Patients with TC ≥ 5.2 mmol/L or TG ≥ 1.7 mmol/L
were considered to have hyperlipidemia [19]. Based on the American Diabetes Association guidelines [20],
glucose metabolism status was con�rmed as normal glucose regulation (NGR) (FBG < 5.6mmol/L or
HbA1c < 5.7%), Pre-DM (5.6 ≤ FBG ≤ 6.9mmol/L or 5.7 ≤ HbA1c ≤ 6.4%) and DM (FBG ≥ 7.0mmol/L or
HbA1c ≥ 6.5%).

3 Statistical Analyses
All the statistical analyses were performed using the SPSS 24.0 (IBM Crop, New York, NY, USA) and
statistical signi�cance was considered when the value of P < 0.05. The Kolmogorov-Smirnov test was used
to determine the normality of data distributions. Continuous variables were expressed as median
(interquartile), while categorical variables were expressed as number (proportion, %). Linear regression
analysis was used to measure the independent relationship between HbA1c or FBG and RC. Logistic
regression analysis was used to calculate the relationship between RC levels and Pre-DM and DM.
According to the possible confounding factors, the model was adjusted as follows: sex, age, SBP, DBP,
smoking, drinking, hypertension, hyperlipidemia, antihypertensives medication, antilipidemic medication.
Subgroup analyses were performed on this basis for ages, sexs, smoking and drinking. The missing
values were supplemented by using the multiple imputation method.

4 Result
4.1 Baseline characteristics  
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A total of 11557 participants (median age:64 years; male:41.6%) were included in the study. Patients were
classi�ed into three groups according to glucose metabolism status. Baseline characteristics of the study
population are shown in Table 1. In this population, there were 5883 (50.9%) cases were diagnosed with
DM status and 4034 (34.9%) subjects were diagnosed with pre-DM status. Compared with NGR, patients
with DM and Pre-DM were more likely to be the female and the elderly, had higher FBG and HbA1c levels,
higher lipid levels (including TG and TC) and higher SBP levels, but lower DBP levels, HDL-C levels,
smoking history and drinking history (P<0.05). The concentrations of RC were elevated according to the
status of glucose metabolism from NGR to DM. The differences in the use of antihypertensive
and antilipidemic drugs among the three groups were statistically signi�cant (P>0.05).

4.2 Association of lipid parameters with the risk of Pre-DM and DM 

As shown in Table 2. Taking NGR as a reference, after adjusting for confounding factors, the levels of
HDL-C, TG, TG/HDL-C, Non-HDL-C/HDL-C and RC were all associated with Pre-DM and DM (all P<0.05).
There was no signi�cant relationship between Non-HDL-C levels and Pre-DM and DM. Among
the traditional lipid parameters, TG showed the highest association between RC and Pre-DM (OR: 1.218;
95% CI 1.116-1.330) and DM (OR: 1.558; 95% CI 1.433-1.694). In the non-traditional lipid parameters, RC
was the highest risk factor associated with Pre-DM (OR: 1.365; 95% CI 1.193-1.562) and DM (OR: 1.468;
95% CI 1.290-1.672) in CHD angina pectoris patients.

4.3 Association of glucose metabolism with RC 

Linear regression analyses were used to explore the relationship between glucose metabolism and RC
(Table 3). FBG levels (Standard β = 0.107, P < 0.001) and HbA1c levels (Standard β = 0.122, P < 0.001) were
positively related with RC in all participants. In addition, FBG levels (Standard β = 0.101, P <0.001) and
HbA1c levels (Standard β = 0.092, P <0.001) were also signi�cantly and positively associated with RC in
CHD patients with DM. Furthermore, linear regression analysis showed that HbA1c was only positively
associated with RC in patients with Pre-DM and NGR (P <0.001). 

4.4 Association between RC and Pre-DM and DM in the study population

The association between RC and Pre-DM and DM was estimated using different logistic regression
models. Glucose metabolic status was used as the dependent variable (using NGR group as a reference
variable) and the results were shown in Table 4. In multi-adjusted logistic regression analysis, when RC
used as a continuous variable, it was signi�cantly related with Pre-DM (OR:1.365; 95% CI 1.193-1.562) and
DM (OR: 1.468; 95% CI 1.290-1.672). In further analyses, when continuous RC was converted to categorical
variables (tertiles), taing T1 as a reference, T3 had the highest relationship with pre-DM and DM. In
unadjusted or adjusted models, the trend P for RC index (tertiles) and glucose metabolic status was
consistent with the results when RC was used as a continuous variable (P<0.001).

As shown in Table 5, regardless of sex and age, this association remained signi�cant after adjusting
for confounders by the different sexs and ages strati�cation analyses (all P<0.001). The association
between RC with DM was higher in female (OR: 1.460; 95% CI 1.245-1.713) than in male (OR: 1.406; 95% CI
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1.181-1.673). The OR value between the RC and Pre-DM in female was also higher than that in male (OR:
1.442 vs. 1.264). In the subgroup analysis of ages, the fully adjusted of OR value in the elderly patients
was higher than that in the middle-aged patients in the Pre-DM (OR: 1.401 vs. OR: 1.360) and DM (OR:
1.485 vs. OR: 1.406). 

In the subgroup analysis of smoking and drinking, regardless of smoking and drinking, this association
between RC and pre-DM and DM remained signi�cant after multi-adjustment. (P <0.05).(Table 6)

5 Discussion
In this study, we investigated the relationshipt between RC and Pre-DM and DM among CHD angina
pectoris patients, on this basis we further assessed this relationship according to age, gender, smoking
and drinking. We found that RC levels as categorical and continuous variables were signi�cantly
associated with Pre-DM and DM in CHD angina pectoris patients after multivariate adjustment. In patients
with CHD angina pectoris, the association between RC and impaired glucose metabolism (Pre-DM and
DM) was higher in female than in male, and in the elderly than that in middle-aged people. Moreover, this
relationship was not affected by smoking and drinking.

DM has long been recognized as a risk factor for CAD, and studies have reported that type 2 diabetes
mellitus (T2DM) increases the likelihood of developing CHD and the risk of death from it [21–22]. A 7-year
prospective national study of 512869 adults conducted in China found that DM was associated with a
signi�cantly increased the risk of death from a range of cardiovascular and non-cardiovascular diseases
[23]. Pre-DM is a high-risk state for the development of DM and is also considered a risk factor for the
development of cardiovascular disease [24–25]. It accelerates the process of atherosclerosis through
mechanisms such as promoting the release of extracellular vesicles and vascular endothelial cell damage
[26]. Studies have shown that DM causes a 2–4 times increased risk of death from heart disease [27].
Therefore, appropriate attention and control of blood glucose in patients with CAD can reduce the risk of
adverse cardiovascular events to some extent [28].

It is well known that the primary lipid target for the prevention of ASCVD has been LDL-C [29]. However, in
some patients, LDL-C has been signi�cantly reduced, there is still a residual cardiovascular risk [30–31]. RC
may explain the residual cardiovascular risk to a certain extent [11]. There was ample evidence suggests
that elevated levels of RC play a key role in the development of arteriosclerosis, in�ammation, DM and
CAD [8–10, 15]. Evidence from in vitro and animal studies suggested that elevated RC levels may lead to
atherosclerosis in a similar process to LDL-C, referring mainly to macrophage phagocytosis by foam cells,
which in turn induces low-grade in�ammation and promotes the development of atherosclerosis [32].
Meanwhile, study have found that high plasma RC is overproduced in a state of insulin resistance and β-
cell dysfunction and may play an important role in the pathogenesis of CAD in DM [33].

Genetic studies further demonstrate a causal relationship between higher levels of RC and CAD [11, 34].
Meanwhile, there were a growing number of studies have shown that RC is associated with DM and other
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metabolic diseases, and higher levels of RC signi�cantly increase the risk of complications and major
adverse cardiovascular events in DM patients [15,19,35−36]. Fukushima et al. [37] showed there was a
positively relationship between elevated RC levels and future coronary events in patients with CAD and
DM. A study has identi�ed RC is an independent predictor of new-onset diabetes in healthy individuals [15].
But there is not enough evidence on whether RC can in�uence glucose metabolism status in CHD patients.
In our study, we demonstrated that RC level was positively associated with Pre-DM status and DM status
in CHD angina pectoris patients and not affected by other risk factors. Moreover, we also found that FBG
levels and HbA1c levels were positively related with RC levels in all participants. Our study together with
previous study [36], concluded that RC might be a viable biochemical predictor of glycemic control,
however, the exact physiological mechanisms of how the level of RC affects the progression of diabetes
are not known.

As we all know, most patients with T2DM have relatively high levels of insulin resistance (IR) and impaired
insulin secretion [38]. All insulin replacement markers showed a good correlation with homeostasis model
assessment-insulin resistance (HOMA-IR) in both sexes, meanwhile a stronger correlation with HOMA-IR in
female than in male [39]. Previous study reported that fasting RC is strongly related to IR [40]. Our study
showed signi�cant sex differences in the association between RC and Pre-DM and DM, and found that the
relationship was signi�cantly higher in female than male. Consistent with the results of this study,
previous study also found a higher correlation between remnant-like particle and DM populations in
female than in male compared to non-DM populations [33].

In the middle-aged and elderly population, the increase of RC index was signi�cantly associated with
chronic kidney disease [41]. In our study, we found that the RC was associated more with impaired glucose
metabolism in the elderly CHD angina pectoris patients compared to the middle-aged with CHD angina
pectoris. It is well known that Insulin resistance and glucose intolerance may develop with aging, study
showed that older patients are more likely to develop β-cell failure relative to younger patients, leading to
increased IR [42–43].

Unfavorable lifestyle is thought to be associated with a high risk of developing DM [44]. However, an
analysis of the Czech population showed that smoking was a risk factor for diabetes and prediabetes,
while drinking had a negligible effect on Pre-DM and DM. Recent study has shown that moderate alcohol
consumption may reduce the risk of developing DM to some extent [45]. Our study found that the
relationship between RC and Pre-DM and DM was similar across the different smoking and drinking
strati�cation analyses suggesting that this relationship might be not affected by smoking and drinking.
But we only conducted a subgroup analysis on whether smoking and drinking, and future more detailed
strati�cation on smoking and drinking is needed to study the relationship between RC and impaired
glucose metabolism.

Strengths and limitations
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First, this is large-scale and multi-center study to comprehensively analyze the association between RC
and Pre-DM and DM, and the relationship was also con�rmed signi�cant at different ages, sex, smoking
and drinking, but the study included only hospitalized patients, so there may be some selection bias.
Secondly, this was a multi-center study, so some deviations between different centers may be inevitable,
but quality control was performed according to standard laboratory procedures even at different hospitals.
Thirdly, the currently used hypoglycemic drugs and BMI as important confounders were not included in the
regression model due to missing data. Next, the study was carried out in Tianjin, China, and the results
may not be directly applicable to other regions and races. Finally, it is worth noting that our study is a large
sample size study that can only provide proof of the association of RC with Pre-DM and DM and it is
necessary to carry out in-depth study to explore the cause-and-effect relationship in the future.

6 Conclusion
Among CHD angina pectoris patients, the concentrations of RC were elevated according to the status of
glucose metabolism from NGR to DM. Elevated RC levels were associated with Pre-DM and DM. In
addition, the association was higher in females and the elderly patients. Therefore, we recommend that
lipid screening in patients with CHD angina pectoris should pay more attention to RC levels to assess their
glucose metabolic status.

7 Abbreviations
CHD  coronary heart disease

ASCVD  atherosclerotic cardiovascular disease

CAD  coronary artery disease

T2DM  type 2 diabetes mellitus

NGR  normal glucose regulation

RC  remnant cholesterol

Pre-DM  pre-diabetes mellitus

DM  diabetes mellitus

VLDL  Very Low-Density Lipoproteins

DBP  diastolic blood pressure

SBP  Systolic blood pressure

IDL  Intermediate-Density Lipoproteins
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HOMA-IR  homeostasis model assessment-insulin resistance

IR  insulin resistance

FBG  fasting blood glucose

HbA1c  glycated haemoglobin

HDL-C  high-density lipoprotein cholesterol

LDL-C  low-density lipoprotein cholesterol

TC  total cholesterol

TG  triglyceride

OR  odds ratio

CI  con�dence interval

SEM  standard error of estimate.

Declarations
Acknowledgments

We thank all the participants in the study and the members of the survey teams for their important
contributions.

Authors’ contributions

CY, LL, XW were responsible for the study concept and design; YW, YL and RY analyzed the data
together and drafted the manuscript; ZL, JS, TY, MM, GP contributed to data collection; All
authors read and approved the �nal manuscript.

Funding 

This work was supported by the National Basic Research Program of China (973 project, grant numbers:
2014CB542902).

Availability of data and materials 

The datasets and analyzed used in the present study are available from the corresponding author on
reasonable request.

Ethics approval and consent to participate



Page 11/22

The study has passed the ethical review by the ethics committee of Tianjin university of Traditional
Chinese Medicine. The ethical review approval number is TJUTCM-EC20190008. It was registered in the
Chinese Clinical Trial Registry on July 14, 2019 (registration number: ChiCTR1900024535) and in Clinical
Trials.gov on July 18, 2019 (registration number: NCT04026724). All participants waived informed
consent.

Consent for publication 

Not applicable. 

Competing interests 

The authors declare that they have no competing interests.

References
1. Xing DM, Zhu MJ, Liu CX, et al. Outcome measures in clinical trials of traditional Chinese medicine for

stable angina pectoris. Acupunct Herb Med. 2021;1(2):99–106. doi:
10.1097/HM9.0000000000000014

2. Schopfer DW, Beatty AL, Meyer CS, et al. Longitudinal Association Between Angina Pectoris and
Quality of Life. Am J Cardiol. 2022 Feb 1;164:1–6. doi: 10.1016/j.amjcard.2021.10.037.

3. Goodarzi MO, Rotter JI. Genetics Insights in the Relationship Between Type 2 Diabetes and Coronary
Heart Disease. Circ Res. 2020 May 22;126(11):1526–1548. doi: 10.1161/CIRCRESAHA.119.316065.

4. Brannick B, Dagogo-Jack S. Prediabetes and Cardiovascular Disease: Pathophysiology and
Interventions for Prevention and Risk Reduction. Endocrinol Metab Clin North Am. 2018
Mar;47(1):33–50. doi: 10.1016/j.ecl.2017.10.001.

5. Liu SL, Wu NQ, Shi HW, et al. Fibrinogen is associated with glucose metabolism and cardiovascular
outcomes in patients with coronary artery disease. Cardiovasc Diabetol. 2020 Mar 19;19(1):36. doi:
10.1186/s12933-020-01012-9.

�. Zhang HW, Jin JL, Cao YX, et al. Association of diabetes mellitus with clinical outcomes in patients
with different coronary artery stenosis. Cardiovasc Diabetol. 2021 Oct 23;20(1):214. doi:
10.1186/s12933-021-01403-6.

7. Farhan S, Redfors B, Maehara A, et al. Impact of Pre-Diabetes on Coronary Plaque Composition and
Clinical Outcome in Patients With Acute Coronary Syndromes: An Analysis From the PROSPECT
Study. JACC Cardiovasc Imaging. 2019 Apr;12(4):733–741. doi: 10.1016/j.jcmg.2017.06.023.

�. Varbo A, Nordestgaard BG. Remnant Cholesterol and Triglyceride-Rich Lipoproteins in Atherosclerosis
Progression and Cardiovascular Disease. Arterioscler Thromb Vasc Biol. 2016 Nov;36(11):2133–
2135. doi: 10.1161/ATVBAHA.116.308305.

9. Twickler TB, Dallinga-Thie GM, Cohn JS, et al. Elevated remnant-like particle cholesterol
concentration: a characteristic feature of the atherogenic lipoprotein phenotype. Circulation. 2004 Apr



Page 12/22

27;109(16):1918-25. doi: 10.1161/01.CIR.0000125278.58527.F3.

10. Castañer O, Pintó X, Subirana I, et al. Remnant Cholesterol, Not LDL Cholesterol, Is Associated With
Incident Cardiovascular Disease. J Am Coll Cardiol. 2020 Dec 8;76(23):2712–2724. doi:
10.1016/j.jacc.2020.10.008.

11. Sandesara PB, Virani SS, Fazio S, et al. The Forgotten Lipids: Triglycerides, Remnant Cholesterol, and
Atherosclerotic Cardiovascular Disease Risk. Endocr Rev. 2019 Apr 1;40(2):537–557. doi:
10.1210/er.2018-00184.

12. Chakraborty M, Singh P, Dsouza JMP, et al. Fasting and postprandial lipid parameters: A comparative
evaluation of cardiovascular risk assessment in prediabetes and diabetes. J Family Med Prim Care.
2020 Jan 28;9(1):287–292. doi: 10.4103/jfmpc.jfmpc_769_19.

13. Filippatos T, Tsimihodimos V, Pappa E, et al. Pathophysiology of Diabetic Dyslipidaemia. Curr Vasc
Pharmacol. 2017;15(6):566–575. doi: 10.2174/1570161115666170201105425.

14. Park CY, Park JY, Choi J, et al. Increased postprandial apolipoprotein B-48 level after a test meal in
diabetic patients: A multicenter, cross-sectional study. Metabolism. 2016 Jun;65(6):843–51. doi:
10.1016/j.metabol.2016.02.008.

15. Xie G, Zhong Y, Yang S, Zou Y. Remnant Cholesterol is an Independent Predictor of New-Onset
Diabetes: A Single-Center Cohort Study. Diabetes Metab Syndr Obes. 2021 Dec 3;14:4735–4745. doi:
10.2147/DMSO.S341285.

1�. Liu Y, Li Z, Shen D, et al. Adjuvant treatment of coronary heart disease angina pectoris with Chinese
patent medicine: A prospective clinical cohort study. Medicine (Baltimore). 2019 Aug;98(33): e16884.
doi: 10.1097/MD.0000000000016884.

17. Quispe R, Martin SS, Michos ED, et al. Remnant cholesterol predicts cardiovascular disease beyond
LDL and ApoB: a primary prevention study. Eur Heart J. 2021 Nov 7;42(42):4324–4332. doi:
10.1093/eurheartj/ehab432.

1�. Colantonio LD, Booth JN 3rd, Bress AP, et al. 2017 ACC/AHA Blood Pressure Treatment Guideline
Recommendations and Cardiovascular Risk. J Am Coll Cardiol. 2018 Sep 11;72(11):1187–1197. doi:
10.1016/j.jacc.2018.05.074.

19. Hong LF, Yan XN, Lu ZH, et al. Predictive value of non-fasting remnant cholesterol for short-term
outcome of diabetics with new-onset stable coronary artery disease. Lipids Health Dis. 2017 Jan
13;16(1):7. doi: 10.1186/s12944-017-0410-0.

20. American Diabetes Association. 2. Classi�cation and Diagnosis of Diabetes: Standards of Medical
Care in Diabetes-2021. Diabetes Care. 2021 Jan;44(Suppl 1):S15-S33. doi: 10.2337/dc21-S002.
Erratum in: Diabetes Care. 2021 Sep;44(9):2182.

21. Emerging Risk Factors Collaboration, Sarwar N, Gao P, et al. Diabetes mellitus, fasting blood glucose
concentration, and risk of vascular disease: a collaborative meta-analysis of 102 prospective studies.
Lancet. 2010 Jun 26;375(9733):2215–22. doi: 10.1016/S0140-6736(10)60484-9.

22. Bragg F, Holmes MV, Iona A, et al. China Kadoorie Biobank Collaborative Group. Association Between
Diabetes and Cause-Speci�c Mortality in Rural and Urban Areas of China. JAMA. 2017 Jan



Page 13/22

17;317(3):280–289. doi: 10.1001/jama.2016.19720.

23. Yun JS, Ko SH. Current trends in epidemiology of cardiovascular disease and cardiovascular risk
management in type 2 diabetes. Metabolism. 2021 Oct;123:154838. doi:
10.1016/j.metabol.2021.154838.

24. Tabák AG, Herder C, Rathmann W, Brunner EJ, Kivimäki M. Prediabetes: a high-risk state for diabetes
development. Lancet. 2012 Jun 16;379(9833):2279-90. doi: 10.1016/S0140-6736(12)60283-9.

25. Cai X, Zhang Y, Li M, et al. Association between prediabetes and risk of all cause mortality and
cardiovascular disease: updated meta-analysis. BMJ. 2020 Jul 15;370:m2297. doi:
10.1136/bmj.m2297.

2�. Liang Y, Wang M, Wang C, et al. The Mechanisms of the Development of Atherosclerosis in
Prediabetes. Int J Mol Sci. 2021 Apr 15;22(8):4108. doi: 10.3390/ijms22084108.

27. Aronson D, Edelman ER. Coronary artery disease and diabetes mellitus. Cardiol Clin. 2014
Aug;32(3):439 – 55. doi: 10.1016/j.ccl.2014.04.001. Epub 2014 Jun 10.

2�. Arnold SV, Bhatt DL, Barsness GW, et al. Clinical Management of Stable Coronary Artery Disease in
Patients With Type 2 Diabetes Mellitus: A Scienti�c Statement From the American Heart Association.
Circulation. 2020 May 12;141(19):e779-e806. doi: 10.1161/CIR.0000000000000766.

29. Mach F, Baigent C, Catapano AL, et al. ESC Scienti�c Document Group. 2019 ESC/EAS Guidelines for
the management of dyslipidaemias: lipid modi�cation to reduce cardiovascular risk. Eur Heart J. 2020
Jan 1;41(1):111–188. doi: 10.1093/eurheartj/ehz455.

30. Sampson UK, Fazio S, Linton MF. Residual cardiovascular risk despite optimal LDL cholesterol
reduction with statins: the evidence, etiology, and therapeutic challenges. Curr Atheroscler Rep. 2012
Feb;14(1):1–10. doi: 10.1007/s11883-011-0219-7.

31. Silverman MG, Ference BA, Im K, et al. Association Between Lowering LDL-C and Cardiovascular Risk
Reduction Among Different Therapeutic Interventions: A Systematic Review and Meta-analysis.
JAMA. 2016 Sep 27;316(12):1289–97. doi: 10.1001/jama.2016.13985.

32. Karasawa T, Takahashi A, Saito R, et al. Sterol regulatory element-binding protein-1 determines
plasma remnant lipoproteins and accelerates atherosclerosis in low-density lipoprotein receptor-
de�cient mice. Arterioscler Thromb Vasc Biol. 2011 Aug;31(8):1788–95. doi:
10.1161/ATVBAHA.110.219659.

33. Schaefer EJ, McNamara JR, Shah PK, et al. Framingham Offspring Study. Elevated remnant-like
particle cholesterol and triglyceride levels in diabetic men and women in the Framingham Offspring
Study. Diabetes Care. 2002 Jun;25(6):989–94. doi: 10.2337/diacare.25.6.989.

34. Varbo A, Benn M, Tybjærg-Hansen A, et al. Remnant cholesterol as a causal risk factor for ischemic
heart disease. J Am Coll Cardiol. 2013 Jan 29;61(4):427–436. doi: 10.1016/j.jacc.2012.08.1026.

35. Yu D, Wang Z, Zhang X, et al. Remnant Cholesterol and Cardiovascular Mortality in Patients With Type
2 Diabetes and Incident Diabetic Nephropathy. J Clin Endocrinol Metab. 2021 Nov 19;106(12):3546–
3554. doi: 10.1210/clinem/dgab533.



Page 14/22

3�. Cao YX, Zhang HW, Jin JL, et al. The longitudinal association of remnant cholesterol with
cardiovascular outcomes in patients with diabetes and pre-diabetes. Cardiovasc Diabetol. 2020 Jul
6;19(1):104. doi: 10.1186/s12933-020-01076-7.

37. Fukushima H, Sugiyama S, Honda O, et al. Prognostic value of remnant-like lipoprotein particle levels
in patients with coronary artery disease and type II diabetes mellitus. J Am Coll Cardiol. 2004 Jun
16;43(12):2219–24. doi: 10.1016/j.jacc.2003.09.074.

3�. Pearson ER. Type 2 diabetes: a multifaceted disease. Diabetologia. 2019 Jul;62(7):1107–1112. doi:
10.1007/s00125-019-4909-y.

39. Nakagomi A, Sunami Y, Kawasaki Y, et al. Sex difference in the association between surrogate
markers of insulin resistance and arterial stiffness. J Diabetes Complications. 2020
Jun;34(6):107442. doi: 10.1016/j.jdiacomp.2019.107442.

40. Ohnishi H, Saitoh S, Takagi S, et al. Relationship between insulin-resistance and remnant-like particle
cholesterol. Atherosclerosis. 2002 Sep;164(1):167–70. doi: 10.1016/s0021-9150(02)00057-6.

41. Yan P, Xu Y, Miao Y, et al. Association of remnant cholesterol with chronic kidney disease in middle-
aged and elderly Chinese: a population-based study. Acta Diabetol. 2021 Dec;58(12):1615–1625. doi:
10.1007/s00592-021-01765-z.

42. Ryan AS. Insulin resistance with aging: effects of diet and exercise. Sports Med. 2000 Nov;30(5):327–
46. doi: 10.2165/00007256-200030050-00002.

43. Motta M, Bennati E, Ferlito L, et al. Insulin-resistance (IR) in older age. Arch Gerontol Geriatr. 2008 Mar-
Apr;46(2):203–9. doi: 10.1016/j.archger.2007.04.001.

44. Schnurr TM, Jakupović H, Carrasquilla GD, et al. Obesity, unfavourable lifestyle and genetic risk of
type 2 diabetes: a case-cohort study. Diabetologia. 2020 Jul;63(7):1324–1332. doi: 10.1007/s00125-
020-05140-5.

45. He X, Rebholz CM, Daya N, et al. Alcohol consumption and incident diabetes: The Atherosclerosis Risk
in Communities (ARIC) study. Diabetologia. 2019 May;62(5):770–778. doi: 10.1007/s00125-019-
4833-1.

Tables
Table1 Baseline characteristics of the study population

Abbreviations: DBP: diastolic blood pressure; SBP: systolic blood pressure; FPG: fasting plasma
glucose; HbA1c: glycated haemoglobin; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density
lipoprotein cholesterol; TC: total cholesterol; TG: triglycerides; non-HDL-C: non-high density lipoprotein
cholesterol; RC: remnant cholesterol; NGR: normal glucose regulation; Pre-DM: Pre-diabetes mellitus; DM:
diabetes mellitus.

Data are presented as median (interquartile) or number (proportion, %).

Table2 Association between lipid parameters and Pre-DM and DM
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Characteristics Total(N=11557) Glucose Metabolism Status P value

NGR(n=1640) Pre-
DM(n=4034)

DM(n=5883)

Age (years) 64(59,70) 62(56,68) 64(59,70) 65(59,70) < 0.001

Male (%) 4805(41.6) 752(45.9) 1539(38.2) 2514(42.7) < 0.001

SBP (mm Hg) 140(126,154) 136(123,151) 138(125,153) 140(128,155) 0.035

DBP (mm Hg) 81(75,90) 82(75,90) 81(75,90) 81(75,90) 0.025

Drinking history,
n (%)

3017(26.1) 492(30.0) 987(24.5) 1538(26.1) < 0.001

Smoking history,
n (%)

4320(37.4) 655(39.9) 1407(34.9) 2258(38.4) < 0.001

FBG (mmol/L) 6.3(5.4,8.2) 5.0(4.7,5.3) 5.7(5.2,6.2) 8.2(7.0,10.6) < 0.001

HbA1C (%) 6.1(5.6,7.0) 5.4(5.2,5.5) 5.9(5.7,6.1) 7.0(6.4,8.1) < 0.001

RC (mmol/L) 0.62(0.36,0.96) 0.55(0.31,0.84) 0.63(0.36,0.96) 0.64(0.38,1.00) < 0.001

LDL-C (mmol/L) 2.73(2.14,3.37) 2.72(2.17,3.34) 2.74(2.14,3.37) 2.73(2.14,3.38) 0.967

HDL-C (mmol/L) 1.08(0.91,1.28) 1.14(0.97,1.34) 1.12(0.95,1.32) 1.04(0.88,1.23) < 0.001

TG (mmol/L) 1.45(1.06,2.08) 1.28(0.93,1.78) 1.38(1.01,1.94) 1.57(1.14,2.26) < 0.001

TC (mmol/L) 4.55(3.83,5.32) 4.51(3.84,5.27) 4.59(3.88,5.35) 4.53(3.79,5.32) 0.011

LDL-C/HDL-
C(mmol/L)

2.52(1.94,3.18) 2.37(1.85,2.98) 2.44(1.86,3.10) 2.62(2.01,3.29) < 0.001

TG/HDL-
C(mmol/L)

1.36(0.90,2.11) 4.51(3.84,5.27) 4.59(3.88,5.35) 4.53(3.79,5.32) < 0.001

Non-HDL-
C(mmol/L)

3.43(2.75,4.17) 1.15(0.74,1.68) 1.24(0.83,1.89) 1.53(1.01,2.39) < 0.001

Non-HDL-
C/HDL-
C(mmol/L)

3.19(2.43,4.04) 2.91(2.21,3.69) 3.09(2.35,3.92) 3.32(2.55,4.22) < 0.001

Hyperlipidemia,
n (%)

5843(50.6) 711(43.4) 1966(48.7) 3166(53.8) < 0.001

Hypertension, n
(%)

9355(80.9) 1305(79.6) 3206(79.5) 4844(82.3) 0.001

Antilipidemic
medication, n
(%)

8182(70.8) 1106(67.4) 2906(72.0) 4170(70.9) 0.003

Antihypertensive
medication, n
(%)

8591(74.3) 1106(67.4) 3010(74.6) 4475(76.1) < 0.001
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Variables Pre-DM DM

Crude Model Multivariate
Model

Crude model Multivariate
Model

OR (95%CI) OR (95%CI) OR (95%CI) OR (95%CI)

Traditional lipid
parameters

       

LDL-C (mmol/L) 1.008(0.948-
1.071)

0.935(0.872-
1.003)

1.004(0.947-
1.064)

0.893(0.836-
0.955) *

HDL-C (mmol/L) 0.820(0.682-
0.986) *

0.710(0.584-
0.862) *

0.304(0.252-
0.385) **

0.269(0.221-
0.327) **

TG (mmol/L) 1.188(1.109-
1.273) **

1.218(1.116-
1.330) **

1.478(1.384-
1.578) **

1.558(1.433-
1.694) **

TC (mmol/L) 1.056(1.005-
1.109) *

0.985(0.929-
1.005)

1.029(0.982-
1.079)

0.901(0.851-
0.954) *

Non-traditional lipid
parameters

       

LDL-C/HDL-C (mmol/L) 1.057(0.993-
1.125) *

1.037(0.969-
1.110)

1.297(1.222-
1.376) **

1.247(1.169-
1.330) **

TG/HDL-C (mmol/L) 1.139(1.075-
1.206) **

1.163(1.087-
1.245) **

1.393(1.319-
1.471) **

1.438(1.349-
1.534) **

Non-HDL-C(mmol/L) 1.084(1.027-
1.143) *

1.021(0.955-
1.090)

1.123(1.067-
1.181) **

1.007(0.945-
1.072)

Non-HDL-C/HDL-C
(mmol/L)

1.100(1.047-
1.156) **

1.095(1.033-
1.160) *

1.322(1.261-
1.385) **

1.313(1.243-
1.388) **

RC (mmol/L) 1.432(1.270-
1.615) **

1.365(1.193-
1.562) **

1.646(1.466-
1.848) **

1.468(1.290-
1.672) **

HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; TC: total cholesterol;
TG: triglycerides; non-HDL-C: non-high density lipoprotein cholesterol; RC: remnant cholesterol; NGR:
normal glucose regulation; Pre-DM: Pre-diabetes mellitus; DM: diabetes mellitus.

Crude model was no adjusted. 

Multivariate Model was adjusted for sex, age, SBP, DBP, smoking, drinking, hypertension, hyperlipidemia,
antihypertensives medication, antilipidemic medication.

Compared with NGR, *P<0.05, **P<0.001.
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Variables Adjusted R2 Standard β SEM P value

Overall        

HbA1C (%) 0.013 0.122 0.002 < 0.001

FBG (mmol/L) 0.011 0.107 0.004 < 0.001

DM        

HbA1C (%) 0.008 0.092 0.004 < 0.001

FBG (mmol/L) 0.010 0.101 0.002 < 0.001

Pre-DM        

HbA1C (%) 0.007 0.088 0.023 < 0.001

FBG (mmol/L) 0.000 0.010 0.012 0.532

NGR        

HbA1C (%) 0.004 0.049 0.065 0.009

FBG (mmol/L) 0.000 0.018 0.032 0.475

Table3 Association between glucose metabolism and RC

 

NGR: normal glucose regulation; Pre-
DM: Pre-diabetes mellitus; DM:
diabetes mellitus; HbA1c: glycated
haemoglobin; FBG: fasting blood
glucose; SEM: standard error of
estimate.

Table4 Association of between RC
and the risk of Pre-DM and DM

Variable Pre-DM DM

Crude model Multivariate Model Crude model Multivariate Model

OR (95%CI) OR (95%CI) OR (95%CI) OR (95%CI)

RC 1.432(1.270-1.615)
**

1.365(1.193-1.562)
**

1.646(1.466-1.848)
**

1.468(1.290-1.672)
**

T1 Reference Reference Reference Reference

T2 1.140(0.995-1.305) 1.117(0.973-1.284) 1.181(1.039-1.344)
*

1.112(0.973-1.270)

T3 1.609(1.392-1.861)
**

1.554(1.316-1.835)
**

1.728(1.504-1.985)
**

1.454(1.240-1.705)
**

P trend < 0.001 < 0.001 < 0.001 < 0.001

RC: remnant cholesterol; NGR: normal glucose regulation; Pre-DM: Pre-diabetes mellitus; DM: diabetes
mellitus

Crude model was no adjusted. 
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Multivariate Model was adjusted for sex, age, SBP, DBP, smoking, drinking, hypertension, hyperlipidemia,
antihypertensives medication, antilipidemic medication.

Compared with NGR, *P<0.05, **P<0.001.

T1: RC <0.45, T2: 0.45≤ RC ≤0.83, T3: RC>0.83

Table5 Association between the RC and the risk of Pre-DM and DM according to sex and age.
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Group Variable Pre-DM DM

Crude model Multivariate
Model

Crude model Multivariate
Model

OR (95%CI) OR (95%CI) OR (95%CI) OR (95%CI)

Male RC 1.278(1.066-
1.534) *

1.264(1.052-
1.518) *

1.532(1.292-
1.818) **

1.406(1.181-
1.673) **

T1 Reference Reference Reference Reference

T2 1.137(0.930-
1.391)

1.136(0.923-
1.399)

1.161(0.961-
1.402)

1.121(0.921-
1.363)

T3 1.432(1.144-
1.792) *

1.437(1.106-
1.865) *

1.699(1.378-
2.095) **

1.464(1.146-
1.871) **

P trend 0.002 0.007 < 0.001 0.002

Female RC 1.509(1.284-
1.773) **

1.442(1.225-
1.696) **

1.717(1.469-
2.008) **

1.460(1.245-
1.713) **

T1 Reference Reference Reference Reference

T2 1.124(0.936-
1.350)

1.096(0.909-
1.321)

1.190(0.998-
1.420)

1.096(0.914-
1.314)

T3 1.661(1.371-
2.013) **

1.617(1.302-
2.008) **

1.728(1.434-
2.081) **

1.440(1.167-
1.777) *

P trend < 0.001 < 0.001 < 0.001 0.001

≤60 RC 1.470(1.209-
1.787) **

1.360(1.117-
1.655) *

1.761(1.461-
2.123) **

1.406(1.181-
1.673) **

T1 Reference Reference Reference Reference

T2 1.153(0.924-
1.438)

1.120(0.892-
1.405)

1.002(0.829-
1.261)

0.942(0.758-
1.171)

T3 1.730(1.367-
2.190) **

1.580(1.208-
2.067) *

1.854(1.484-
2.318) **

1.419(1.099-
1.832) *

P trend < 0.001 0.001 < 0.001 0.005

>60 RC 1.446(1.232-
1.698) **

1.401(1.170-
1.679) **

1.642(1.407-
1.916) **

1.485(1.247-
1.768) **

T1 Reference Reference Reference Reference

T2 1.137(0.957-
1.351)

1.132(0.949-
1.349)

1.258(1.067-
1.483) *

1.209(1.022-
1.431) *

T3 1.553(1.291- 1.535(1.242- 1.668(1.396- 1.452(1.185-
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1.869) ** 1.897) ** 1.993) ** 1.779) **

P trend < 0.001 < 0.001 < 0.001 0.001

RC: remnant cholesterol; NGR: normal glucose regulation; Pre-DM: Pre-diabetes mellitus; DM: diabetes
mellitus

Crude model was no adjusted. 

Multivariate Model was adjusted for SBP, DBP, smoking, drinking, hypertension, hyperlipidemia,
antihypertensives medication, antilipidemic medication, as well as sex, age, if applicable.

Compared with NGR, *P<0.05, **P<0.001.

T1: RC <0.45, T2: 0.45≤ RC ≤0.83, T3: RC>0.83

Table6 Association between the RC and the risk of Pre-DM and DM according to smoking and drinking
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Group Variable Pre-DM DM

Crude model Multivariate
Model

Crude model Multivariate
Model

OR (95%CI) OR (95%CI) OR (95%CI) OR (95%CI)

Smoking RC 1.362(1.125-
1.649) *

1.311(1.054-
1.632) *

1.615(1.349-
1.935) **

1.466(1.192-
1.890) **

T1 Reference Reference Reference Reference

T2 1.080(0.870-
1.340)

1.073(0.858-
1.341)

1.185(0.968-
1.452)

1.144(0.927-
1.413)

T3 1.483(1.171-
1.879) *

1.427(1.084-
1.880) *

1.840(1.473-
2.299) **

1.625(1.253-
2.107) **

P trend 0.001 0.012 < 0.001 < 0.001

Non-
smoking

RC 1.393(1.174-
1.653) **

1.401(1.170-
1.679) **

1.469(1.244-
1.736) **

1.485(1.247-
1.768) **

T1 Reference Reference Reference Reference

T2 1.172(0.985-
1.395)

1.142(0.956-
1.364)

1.177(0.997-
1.390)

1.090(0.919-
1294)

T3 1.664(1.384-
2.000) **

1.615(1.311-
1.991) **

1.657(1.388-
1.979) **

1.358(1.110-
1.661) *

P trend < 0.001 < 0.001 < 0.001 0.003

Drinking RC 1.364(1.092-
1.704) *

1.321(1.025-
1.702) *

1.543(1.249-
1.906) **

1.454(1.142-
1.853) **

T1 Reference Reference Reference Reference

T2 1.077(0.837-
1.385)

1.051(0.809-
1.364)

1.171(0.925-
1.483)

1.144(0.895-
1.463)

T3 1.549(1.174-
2.043) *

1.545(1.119-
2.133) *

1.791(1.379-
2.326) **

1.687(1.244-
2.288) *

P trend 0.002 0.008 < 0.001 0.001

Non-
drinking

RC 1.455(1.281-
1.679) **

1.380(1.177-
1.618) **

 1.684(1.467-
1.933) **

 1.474(1.264-
1.719) **

T1 Reference Reference Reference Reference

T2 1.164(0.991-
1.367)

1.136(0.964-
1.339)

1.187(1.018-
1.384) *

1.106(0.944-
1295)

T3 1.616(1.363- 1.546(1.273- 1.697(1.440- 1.379(1.143-
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1.917) ** 1.877) ** 1.999) ** 1.662) *

P trend < 0.001 < 0.001 < 0.001 0.001

RC: remnant cholesterol; NGR: normal glucose regulation; Pre-DM: Pre-diabetes mellitus; DM: diabetes
mellitus

Crude model was no adjusted. 

Multivariate Model was adjusted for sex, age, SBP, DBP, smoking, drinking, hypertension, hyperlipidemia,
antihypertensives medication, antilipidemic medication.

Compared with NGR, *P<0.05, **P<0.001.

T1: RC <0.45, T2: 0.45≤ RC ≤0.83, T3: RC>0.83


