Diabetes, Metabolic Syndrome and Obesity Dovepress

Taylor & Francis Group

ORIGINAL RESEARCH

High Remnant Cholesterol is Associated with the
Development of Diabetic Kidney Disease in
Patients with Type 2 Diabetes

Zhuo Chen"*, Yan Shen"z’*, Xiangjun Chen', Jinbo Hu', Lina Mao3, Rui Lan', Xue Li', Hanwen Ye',
Wenijin Luo', Yao Qin', Shumin Yang', Qifu Li', Zhihong Wang !

'Department of Endocrinology, The First Affiliated Hospital of Chongqing Medical University, Chongging, People’s Republic of China; 2Chongqing
Three Gorges Medical College, Chongging, People’s Republic of China; 3Department of Endocrinology, Chongqing Dazu District People’s Hospital,
Chongging, People’s Republic of China

*These authors contributed equally to this work

Correspondence: Zhihong Wang, Email towzh713@126.com

Aim: The study aimed to explore the associations of the remnant cholesterol (RC) levels with the risk of diabetic kidney disease
(DKD) in patients with type 2 diabetes mellitus (T2DM).

Methods: The study collected data from 23324 patients with T2DM from the UK Biobank (UKB) cohort and 3059 patients with
T2DM from the Chongqing Diabetes Registry (CDR) cohort. UKB and CDR cohort were followed for incident DKD until
October 2020 and March 2023, respectively. Cox proportional hazards regression was performed to explore the relationship between
RC levels and incident DKD.

Results: Participants from the UKB and CDR were followed for a mean period of 13.72 years and 1.92 years, respectively. The
incidences of DKD are 12.9% and 24.5%. Participants were divided into 4 groups: 0.41 mmol/L or less, 0.41 to 0.56 mmol/L, 0.56 to
0.73 mmol/L, and greater than 0.73 mmol/L according to RC levels. Lower RC levels (<0.41 mmol/L) were used as a reference, multi-
adjusted model showing that patients with higher RC levels (>0.73 mmol/L) in the UKB were associated with increased risk of
incident DKD [hazard ratio [HR], 1.27; 95% CI, 1.10-1.46; P = 0.001]. These results were consistent in the CDR [HR (95% CI): 1.39
(1.03, 1.89); P =0.034]. In the stratified analyses, we observed an increase in the risk of incident DKD with RC in the elderly patients,
while not in the middle-aged patients in both UKB cohort [HR (95% CI): 1.33 (1.13, 1.57) vs 1.16 (0.89, 1.50), P for interaction =
0.043] and CDR cohort [HR (95% CI): 1.53 (1.02, 2.30) vs 1.23 (0.76, 2.00), P for interaction = 0.009].

Conclusion: High RC might be an independent risk factor for new-onset DKD in T2DM population after adjusting for traditional risk
factors, especially in elderly T2DM patients.
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Introduction
Over the past few years, with the increased prevalence of diabetes and obesity, the incidence of diabetic kidney disease
(DKD) has increased drastically in the global.' DKD contributes to the heavy burden of kidney-related diseases. In
addition, DKD affects the kidney system but also other organ systems, such as the endocrine system, the nervous system,
and the cardiovascular system.>*’ Due to the prevalence of DKD and a multitude of serious health impacts of DKD, it is
beneficial to reduce the heavy disease burden of DKD, if the susceptible population of DKD in type 2 diabetes mellitus
(T2DM) is identified early by some noninvasive and simple indicators.

Dyslipidemia is a recognized pathogenic factor of DKD according to several epidemiological studies. Previous
studies have confirmed the relationship of lipid components with renal dysfunction, including low-density lipoprotein
cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), total cholesterol (TC), triglycerides (TG), and
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Apolipoprotein C-IIL.*'! Recently, it has been recognized that remnant cholesterol (RC) has a the negative influence of
beyond the traditional blood lipid indicators. RC is composed of intermediate-density lipoproteins and very low-density
lipoproteins in fasting state and of these 2 lipoproteins together with chylomicron remnants in the nonfasting state.'* The
causal relationship between atherosclerotic and RC cardiovascular disease is clarified."® Besides, high RC increases these
risks of cardiovascular events, all-cause mortality in patients with long-term kidney transplant'* as well as in overweight
or obese patients.'” In the middle age and older age population, higher RC is independently associated with an increased
risk of prevalent chronic kidney disease (CKD).'® However, the knowledge of RC is inadequate in the context of T2DM.
A cross-sectional study showed that RC is an independent risk factor for diabetic retinopathy (DR).'” Considering the
strong association of involvement in RC and cardiovascular events, and the fact that DKD often coexists with DR, the
question has been raised whether RC also contributes to the decline of renal function in individuals with diabetes
mellitus. A recent study including 4237 Chinese patients with T2DM reported that for each standard deviation increase in
RC, individuals with T2DM had a 22.1% increased risk of new-onset kidney disease.'® However, the participants in this
study were mainly from health management centers, and the patients were younger, had better glycemic control. In
addition, the study excluded participants with DR which is closely associated with DKD.'” However, DKD and DR have
common risk factors such as blood glucose and blood pressure.'® Some risk factors in the population were under-
estimated after excluding DR participants in the cohort. It will hide the real condition in population with T2DM and
result in a lower incidence rate of DKD during the follow-up. Moreover, in this cohort, the proportion of new-onset
diabetic nephropathy was low, only 5.9%, which was far lower than the incidence rate of diabetic nephropathy reported
in previous literature. Finally, this study only recruited the Chinese participants. Thus, the impact of RC on the progres-
sion of diabetic nephropathy in other ethnic groups with T2DM remains uncertain.

The present research aims to discover the relationship between RC and emerging diabetic nephropathy in the white
population and to be validated in the diabetic cohort of Chongging, China.

Methods

This cohort study was approved by the North West Multicenter Research ethics committee in the UK, and the Ethics Committee
of the First Affiliated Hospital of Chongqing Medical University in China. All individuals from both databases signed written
informed consent. The data have been analyzed from a subset of patients with T2DM in the Chongging Diabetes Registry
(CDR) and patients in the UK Biobank (UKB) with T2DM at enrollment. Relevant risk factors and demographics have been
collected at enrollment and follow up, including age, sex, HDL-C, LDL-C, TC, TG, body mass index (BMI), blood pressure,
urinary albumin-to-creatinine ratio (UACR) and estimated glomerular filtration rate (¢éGFR). Biospecimens were collected and
assayed in affiliated laboratories from both cohorts. The RC level was calculated as TC - (HDL - C) - (LDL - C).*° UKB and
CDR cohort were followed for incident of DKD until October 2020 and March 2023, respectively. Participants from UKB and
CDR were followed prospectively for an average of 13.72 years and 1.92 years, respectively.

UK Biobank
More than 500,000 participants aged 40-72 years were recruited from the UK general community population into the UK
Biobank (UKB) cohort between 2006 and 2010, details of the study design have been reported previously.*' Patients with
T2DM were enrolled in our study. Then, these patients with incomplete lipid data and negative values of RC were
excluded. Finally, 23324 T2DM patients entered into the cross-sectional study, and we analyzed the correlation of RC
with baseline DKD. Subsequently, 20892 T2DM patients without DKD were included in the longitudinal analysis to
investigate the predictive value of RC for incident DKD (Figure 1).

We identified DKD using renal replacement therapy from ICD-10 codes (Z49, Z99.2, Z94.0), diabetes mellitus with
renal complications from ICD-10 codes (E102, E112, E122, E132, E142), renal failure from ICD-10 codes (N18-19),

which is widely used in similar studies.****

CDR

The CDR cohort is an ongoing, prospective and multistage population study in the First Affiliated Hospital of Chongqing
Medical University, it randomly enrolled T2DM patients from March 2018 to January 2022. A total of 3278 patients
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Participants with T2DM from the Participants with T2DM from the
UK Biobank Cohort CDR Cohort
N=27576 N=3728
Excluded:
-27 patients without creatinine
-88 patients with severe infection,
Excladed: immune dysfunction, or malignant

tumor
-104 patients with incomplete lipid
data and negative values of RC

-4252 patients with incomplete lipid
data and negative values of RC

Enrolled in cross-sectional study

N=3059
Enrolled in cru:s-s:"cliunul study Bxclidad:
il -1210 patients with DKD in baseline
-458 patients without DKD refuse
Follow up follow up
Excluded: N=1391
-2432 patients with DKD in baseline E
Excluded:
-261 patients without eGFR or UACR
data in follow up
Included in Cohort analysis Included in Cohort analysis
N=20892 N=1130

Figure | Flow chart of the study population.
Abbreviations: CDR, Chongqing Diabetes Registry; T2DM, type 2 diabetes mellitus; RC, remnant cholesterol; DKD, diabetic kidney disease; eGFR, estimated glomerular
filtration rate; UACR, urinary albumin-to-creatinine ratio.

were enrolled until March 1, 2022. Patients with missing data, immune dysfunction, malignant tumor, or severe infection
were excluded. Ultimately, 3059 T2DM patients entered into the cross-sectional study to analyse the correlation of RC
with baseline DKD. Next, 1130 T2DM patients without DKD completed annual medical examinations with full follow-
up data, and the predicted value of the RC for incident DKD has been shown (Figure 1).

DKD was defined as eGFR <60 mL/min/ 1.73 m? over 3 months or two of three specimens should have a UACR of
>30 mg/g in three tests within a 3 to 6 month period in T2DM patients, and patients did not have other kidney diseases. It
is based on ADA Standards of Medical Care in Diabetes.”

Statistical Analysis

Participants with T2DM were sorted into 4 groups based on the RC levels: 0.41 mmol/L or less, 0.41 to 0.56 mmol/L,
0.56 to 0.73 mmol/L, and greater than 0.73 mmol/L. Continuous data was shown as means and standard deviations (SDs)
and compared by an one-way analysis of variance, while categorical variables were represented as numbers and
percentages and compared by the y2 test.

The study obtained odds ratios (ORs) and 95% confidence intervals (Cls) by logistic regression analyses to assess the
association of different RC levels with baseline DKD and continuous RC with baseline DKD, according to the following
models: model 1 controlled for age, sex; model 2 additionally controlled for diastolic blood pressure (DBP), BMI, fasting
plasma glucose (FPG), LDL-C and hypolipidemic therapy. These covariates were chosen according to the risk factors of
DKD.?*® The longitudinal study implemented two proportional hazards models (Cox regression) to evaluate the
independent association of the RC with incident DKD after adjusting for potential confounders. Longitudinal study
results were shown as forest plots. The predictive accuracy assessed by Harrell’s concordance index (C-statistic). We
further performed subgroups analyses and presented the result to determine whether the association of very high RC
levels with incidence of incident DKD differed by gender (male/female) or not, age (>60years/<60years), overweight/
obesity (yes/no), fasting glucose levels (>7mmol/L/<7mmol/L), and LDL-C levels (>3.4 mmol/L/<3.4 mmol/L) adjusting
for aforementioned covariates. Multiplicative interaction terms between RC levels and subgroup were included in
separate models to assess whether the effect of subgroup differed for patients in diffrernt RC levels.

All of the analyses were performed by R open-source software (version 4.2.1). A two-sided P <0.05 was regarded as
statistically significant.
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Results

UKB

The 23324 T2DM participants of UKB (average age, 59.56 years; 14285 men [61.25]; 2432 baseline DKD [10.43]), there
were 2702 new-onset DKD (12.9%) during a mean follow up of 13.72 years. The number of participants without data of
BMI, TC, FPG, TG, HDL-C and LDL-C were 231, 28, 15, 0, 0 and 0, respectively (Table 1).

It was shown that increased RC was correlated with higher rates of baseline DKD after adjusting mentioned
confounders in patients with T2DM (Table 2). In model 1, compared to participants in quartile 1 (<0.41mmol/L),
those participants in quartile 4 (>0.73mmol/L) had a higher risk of prevalent DKD after adjustment for sex and age (OR
=1.17, 95% CI = 1.04-1.32, P = 0.008). It was shown a similar result when we treat RC as a continuous variable (OR =

Table | Baseline Characteristics by RC Categories of Participants From
UK Biobank Cohort and CDR Cohort

UK Biobank CDR Cohort
n 23324 3059
Male, n (%) 14,285 (61.25) 1818 (59.43)
Age (years) 59.56 (7.20) 58.12 (11.23)
SBP (mmHg) 143.20 (18.64) 134.48 (19.35)
DBP (mmHg) 81.45 (10.40) 78.81 (12.02)
BMI (kg/m?) 31.27 (5.89) 24.76 (5.92)
FPG (mmol/L) 7.47 (3.39) 8.90 (3.30)
HbAlc (%) 6.93 (1.28) 9.12 (2.90)
Cr (umol/L) 75.96 (30.98) 78.1 (102.75)
TC (mmol/L) 4.40 [3.80, 5.13] 4.27 [3.58,5.07]
TG (mmol/L) 1.82 [1.26, 2.59] 1.51 [1.04,2.38]
HDL-C (mmol/L) 1.15[0.98, 1.38] 1.08 [0.89,1.34]
LDL-C (mmol/L) 2,61 [2.18, 3.15] 251 [1.87,3.19]
eGFR (mL/min/1.73m?) 88.65 (16.73) 91.61 (24.05)
UACR (mg/g) 1421 [7.71, 33.93] 15.9 [6.2,66.4]
RC (mmol/L) 0.56 [0.41, 0.73] 0.44 [0.25,0.74]
DKD, n (%) 2432 (10.43) 1210 (39.56)
Hypolipidemic therapy, n (%) 237 (1.02) 1593 (52.08)

Notes: Data are expressed as mean (SD), percentages, or as medians [IQR]. Quartile limits

were measured in mmol/L.

Abbreviations: RC, remnant cholesterol; SBP, systolic blood pressure; DBP, diastolic blood
pressure; BMI, body mass index; FPG, Fasting plasma glucose; HbAlc, glycated hemoglobin;
Cr, creatinine; TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cho-
lesterol; LDL-C, low-density lipoprotein cholesterol; eGFR, estimated glomerular filtration
rate; UACR, urinary albumin-to-creatinine ratio; DKD, diabetic kidney disease.

Table 2 Association Between RC Quartiles and Risk of Prevalent DKD

Cohort Model RC Level RC Quartiles
All Quartile 1 Quartile 2 Quartile 3 Quartile 4
(per mmol/L Increase) (£0.41mmol/L) (0.41-0.56mmol/L) (0.56-0.73mmol/L) (>0.73mmol/L)
OR (95% CI) p-value Reference OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value
UKB Model | 1.32 (1.15, 1.52) <0.001 1.00 0.95 (0.84, 1.07) 0.383 0.97 (0.86, 1.09) 0.570 1.17 (1.04, 1.32) 0.008
Model 2 1.74 (1.45, 2.09) <0.001 1.00 0.97 (0.85, 1.10) 0619 1.04 (0.90, 1.19) 0.599 1.40 (1.20, 1.65) <0.001
CDR Model | 1.27 (1.17, 1.38) <0.001 1.00 1.36 (1.10, 1.70) 0.006 2.16 (1.71, 2.72) <0.001 2.05 (1.71, 2.47) <0.001
Model 2 1.21 (1.11, 1.32) <0.001 1.00 1.32 (1.05, 1.64) 0.016 2.03 (1.60, 2.58) <0.001 1.82 (151, 2.20) <0.001

Notes: Data are Expressed as OR (95% Cl) + p-value, Unless Stated Otherwise. Model | was Adjusted for Age, Sex. Model 2 was Adjusted for BMI, DBP, FPG, LDL-C,
Hypolipidemic Therapy in Addition to the Variables in Model 1.
Abbreviations: RC, Remnant Cholesterol; DKD, Diabetic Kidney Disease; UKB, UK Biobank Cohort; CDR, Chongqing Diabetes Registry Cohort.
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A. B.
Level HR(95%Cl) P Level HR(95%CI) P
Model1 Al 1.25 (1.10, 1.41) —— <0.001  Modelt Al 1.15(1.02, 1.31) —— 0.024
Q1 Reference Q1 Reference
Q2  1.03(0.93,1.15) —— 0.560 Q2  092(064,1.32) — 0.656
Q3  1.07(0.96,1.19) e 0.224 Q3  1.09(0.74,1.62) —_— 0.654
Q4 1.13(1.01,1.26) o 0.027 Q4 1.42(1.05,1.92) —s—— 0.021
Model2 Al 1.50 (1.27,1.77) — <0.001  Model2 Al 1.13(0.99, 1.28) - 0.068
Q1 Reference Q1 Reference
Q2  1.01(0.90,1.13) —.— 0.838 Q2  0.94(0.66, 1.35) —— 0.748
Q3  1.09(0.96,1.23) —— 0.172 Q3  1.06(0.72, 1.58) —_— 0.757
Q4 1.27(1.10,1.46) —— 0.001 Q4 1.39(1.03, 1.89) —s———  0.034

Figure 2 Cox regression for DKD according to the quartiles of the RC in longitudinal data. (A) UK Biobank Cohort, new-onset DKD. (B) CDR Cohort, new-onset DKD.
Model | was adjusted for age, sex. Model 2 was adjusted for BMI, DBP, FPG, LDL-C, eGFR, hypolipidemic therapy in addition to the variables in model I.
Abbreviations: DKD, diabetic kidney disease; RC, remnant cholesterol; QI, remnant cholesterol in the first quartile; Q2, remnant cholesterol in the second quartile; Q3,
remnant cholesterol in the third quartile; Q4, remnant cholesterol in the fourth quartile.

1.32, 95% CI = 1.15-1.52, P < 0.001). After extra adjustment for BMI, DBP, FPG, LDL-C and hypolipidemic therapy
(model 2), this tendency was still retained.

In order to further demonstrate that RC is effective in predicting incidence of DKD, 20892 T2DM patients who
exclude DKD at baseline were included into the longitudinal study. We obtained values of new-onset DKD predicted by
RC through cox regression analysis in three models. In model 1, with the RC’s quartile 1 (<0.41mmol/L) as the reference,
those with RC located in quartile 4 (>0.73mmol/L) had higher risk of new-onset DKD (HR = 1.13, 95% CI = 1.01-1.26,
P =0.027), even by further adjustment for DBP, BMI, FPG, LDL-C, hypolipidemic therapy, and baseline eGFR (HR =
1.27, 95% CI = 1.10-1.46, P = 0.001) (Figure 2A). The results showed that RC predicted new-onset DKD with
a C-statistic (95% CI) of 0.707 (0.697-0.718).

CDR

The baseline characteristics about the participants from the CDR cohort who divided by RC quartiles are presented in
Table 1. Three thousand fifty-nine T2DM participants were included in the cross-sectional analysis, 1210 participants
(39.56%) had baseline DKD. The number of participants without data of FPG, BMI, TG, TC, HDL-C and LDL-C were
20, 6, 1, 0, 0 and 0, respectively. The average ages of participants were 58.12 years. 59.43% participants were men.
During a mean follow up of 1.92 years, there were a total of 277 new-onset DKD (24.5%) (Table 1).

We used binary logistic regression analysis of cross-sectional data to evaluate the correlation of the RC with baseline
DKD (Table 2). After adjusting for age, sex, DBP, BMI, FPG, LDL-C, hypolipidemic therapy, a significant increase in
the ORs for baseline DKD in the fourth RC quartile participants (>0.73mmol/L) was observed (P < 0.001), compared
with participants in the first quartile (<0.41mmol/L), and the OR (95% CI) in participants in the fourth quartile of RC was
1.82 (1.51-2.20) for baseline DKD compared to the first quartile. It was shown a similar result when we treat RC as
a continuous variable (OR = 1.21, 95% CI = 1.11-1.32, P < 0.001).

Results from Cox regression analyses are shown in Figure 2B. As compared with individuals with RC in quartile 1
(<0.41mmol/L), those in the highest group (>0.73mmol/L) showed a significantly greater risk of new-onset DKD in
model 1 (HR =1.42, 95% CI =1.05-1,92; P = 0.021). In fully adjusted models (model 2), the group with the highest RC
levels had a higher risk of new-onset DKD (HR = 1.39, 95% CI = 1.03—-1.89, P = 0.034). The results showed that RC
predicted new-onset DKD with a C-statistic (95% CI) of 0.607 (0.570-0.644).

Association of RC with new-onset DKD in stratified Analysis
The correlations between RC and new-onset DKD in subgroups based on gender, age, overweight/obesity, blood glucose, LDL-
C, and DKD events were investigated to further confirm whether the results are stable or not. As shown in Figure 3, compared
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A.
Subgroup Quartile1 Quartile 4 HR(95%CI) P for interaction
Gender n/N n/N 0.223
Male 417/3219 401/3122 —a— 1.19 (1.00, 1.42)
Female 231/2012 277/2065 —— 1.41 (1.12,1.78)
Age 0.020
>=60 479/3014 450/2648 —— 1.33 (1.13, 1.57)
<60 169/2217 228/2529 —— 1.16 (0.89, 1.50)
Overweight/Obesity 0.705
yes 550/4137 643/4824 —— 1.28 (1.11, 1.48)
no 98/1094 35/353 — 217 (1.33,3.54)
FPG 0.065
>=7 298/2075 336/2249 —— 1.10 (0.90, 1.35)
<7 350/3156 342/2928 — 1.43 (1.18,1.74)
LDL-C 0.135
>=3.4 5177 289/2499 ' & 1.64 (0.67, 3.99)
<34 643/5154 389/2678 - 1.13 (0.99, 1.29)
1R(35% C
B.
Subgroup Quartile1  Quartile 4 HR(95%Cl) P for interaction
Gender n/IN n/N 0.235
Male 67/307 37/162 —_— 1.05(0.69, 1.59)
Female 77/300 29/82 ————=>  1.89(1.21, 2.97)
Age 0.260
>=60 104/336 33/84 ——s———  1.53(1.02, 2.30)
<60 40/271 33/160 r - 1 1.23(0.76, 2.00)
Overweight/Obesity 0.289
yes 66/284 47/169 ’ = 1 1.29(0.84, 1.97)
no 78/322 19/75 L g 1.31(0.83, 2.09)
FPG 0.342
>=7 89/343 55/191 ———=———  1.43(1.00, 2.03)
<7 55/258 11/52 b = i 0.97(0.50, 1.91)
LDL-C 0.565
>=3.4 17/99 13/50 | = 1.03(0.91,4.11)
<34 127/508 53/194 —— 1.30(0.93, 1.83)

1R(95% C

Figure 3 Hazard ratios for cox regression in model 2 of the association between highest RC and DKD in different subgroups. Cox regression analysis of RC in the fourth
quartile and new-onset DKD in different subgroups of the UK Biobank Cohort (A) and CDR Cohort (B) after adjusting for variables in model 2. Model 2 was adjusted for
age, sex, eGFR, BMI, DBP, FPG, LDL-C, hypolipidemic therapy.

Abbreviations: DKD, diabetic kidney disease; RC, remnant cholesterol; FPG, fast plasma glucose; LDL-C, low-density lipoprotein cholesterol.

with subjects with age lower 60 years, higher risk of new-onset DKD was detected in subjects with age over 60 years in UKB
cohort [HR (95% CI): 1.16 (0.89, 1.50) vs 1.33 (1.13, 1.57), P for interaction = 0.043] and CDR cohort [HR (95% CI): 1.23 (0.76,
2.00) vs 1.53 (1.02, 2.30), P for interaction = 0.009]. When the age was treated as a continuous variable, the difference is
significant in UKB cohort [P for interaction = 0.020] rather than CDR cohort [P for interaction = 0.260]. However, gender
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(P for interaction = 0.223 and 0.235, respectively), overweight/obesity (P for interaction = 0.705 and 0.289, respectively), blood
glucose (P for interaction = 0.065 and 0.342, respectively), and LDL-C (P for interaction = 0.135 and 0.565, respectively) did not
affect the relationship between RC quartiles and new-onset DKD in both cohorts. The results of quartile 2 and quartile 3 have
been showed in Supplementary Figure 1.

Discussion

Our study results suggest that with T2DM patients, compared to low RC levels (<0.41 mmol/L) patients, high RC levels
(>0.73 mmol/L) patients have a higher risk of new-onset DKD, and the risk is independent of hypolipidemic use and
traditional renal risk factors. The result was confirmed in two cohorts. The study indicates that the results are stable in
white and Asian populations. The results need to be verified in other racial. Meanwhile, we observed the different
prevalence of DKD between the CDR and UKB cohorts. It might be attributable to the difference of UKB and CDR
cohort participants. Most participants in the CDR cohort were recruited from hospitalized patients who usually had
a severe state of illness and a worse control of blood glucose. However, participants in the UKB cohort were recruited
from the UK general community population.

It is well known that abnormal lipid metabolism plays an indispensable role in DKD and remains a significant risk
factor for DKD. Previous studies have demonstrated the association of lipid abnormalities including high TG, high TC,
high LDL-C, and low HDL-C with DKD.'*?°% However, the above-mentioned traditional indicators are relatively
single, which cannot comprehensively reflect the blood lipid disorder. RC, as a novel blood lipid index, more
comprehensively reflects the levels of cholesterol in all the triglyceride-rich lipoproteins in the body compared with
the conventional blood lipid indicators. Recently, other novel lipid markers have got attention. The triglyceride-glucose
(TyG) index and the triglyceride/high-density lipoprotein cholesterol (TG/HDL-C) ratio are surrogate markers of insulin
resistance.>® They have been extensively studied in multiple diseases.®> > TyG index has been proven to be associated
with DKD.**?%*7 And the TG/HDL-C ratio is a risk factor for CKD.*® However, the calculation of TyG index need the
value of fasting glucose, which is fluctuating due to factors such as time and physical activity. Therefore, stability might
be an advantage of RC. Furthermore, TyG primarily reflects the effects of triglycerides and glucose on DKD. On the
other hand, RC reflects the levels of triglycerides and cholesterol. It will provide a more comprehensive assessment of the
effects of lipid on DKD.

An increasing number of reports suggested that elevated RC levels are strongly and independently associated with
high risks of atherosclerosis and negative cardiovascular outcomes.*®*' Unfortunately, there is a lack of studies focusing
on the relationship between RC and CKD, particularly in T2DM patients. In a cross-sectional study based on the Chinese
community adults, including 35848 participants, high RC levels were found to be highly correlated with increased
UACR.** Another cross-sectional study involved 7356 Chinese participants aged >40 years and reported that Higher
level of RC was independently connected to the increased risk of prevalent CKD, and RC may be a novel risk biomarker
for CKD, especially in women.'® More recently, a cohort study based on Chinese patients with T2DM who had better
glycemic control showed a significant association between increased RC and elevated risk of emerging nephropathy in
people with T2DM.'® Our results also confirmed that a high level of RC was significantly associated with incidence of
DKD in Chinese T2DM patients, independent of BMI, blood glucose, blood pressure, and blood lipids. In addition, that
this relationship is also present in the white population. Furthermore, both the UKB cohort and the CDR cohort found
a higher risk of new-onset DKD in patients of age over 60 years, compared with patients less than 60 years.

The underlying mechanism of the association between RC and DKD remains uncertain and complex. Therefore,
we assume that possible mechanisms are as follows: (1) Lipotoxicity: RC is composed of very-low-density
lipoproteins, intermediate-density lipoproteins and chylomicron remnants, it is the cholesterol content of TG-rich
lipoproteins.** Hypertriglyceridemia is closely related to lipotoxicity, and lipotoxicity leads to a result of overload
of free fatty acid levels in pancreatic islets and renal parenchyma, which in turn leads to insulin resistance®* and
renal dysfunction.*> (2) Inflammation: RC was reported to have a close relationship with systemic low-grade
inflammation. It has been demonstrated that RC is responsible for a higher increase of C-reactive protein level,
promoting the occurrence of inflammation.*® The possible mechanism is that remnant lipoprotein particles induce
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the production of TNF-a and IL-1f via activated LOX-1.*" The hypothesis need further research to provide direct
evidence.

Considering the possible mechanisms of RC, currently available drugs that can reduce the RC levels may include
statins, ezetimibe, PCSK9 inhibitors, fibrates, etc. A result showed that all statins can significantly reduce RC by
inhibiting HMG-CoA reductase and minimizing cholesterol production in the PREVAIL US trial.*® Previous study
reported that the combination of ezetimibe and simvastatin make RC decreased by 65%.* Two real world studies about
PCSKO inhibitors reported a reduced RC.°*>! In addition, Tsunoda et al demonstrated that RC of T2DM can be reduced
by fibrates.”” In particular, Ishibashi and Pradhan et al revealed that selective peroxisome proliferator-activated receptors
(PPARs) o modulator (SPPARM o)-pemafibrate enables RC to reduce by 25.6% to 50.1% which surpasses
fenofibrate.>*>* More importantly, pemafibrate is metabolized in liver. Therefore, it is available for T2DM patients
with renal dysfunction.”® Based on the results of our study, we think that the use of lipid-lowering drugs might be
beneficial for preventing new-onset DKD in patients with T2DM and high RC level. However, the point needs
intervention trials to be clarified.

There were following strengths in our study: This is the first large-scale study of T2DM patients who came from
different ethnic populations in two countries on different mainlands and had a long-term follow-up for new-onset DKD
events in UKB cohort. Besides, our study further showed that high levels of RC were related to an increased risk of new-
onset DKD in patients with T2DM, especially in older and in female people. However, the main limitations need to be
noticed. At first, we obtained the data of RC levels through formula calculation rather than direct measurement.
Nevertheless, the formula has been widely used in multiple diseases and show unique clinical values and the reliability
of method.">”*7 Even though it is practicable to measure RC directly. Because it is hard to be popularized in clinical
practice. And then, as a general blood lipid index, RC contains many lipoprotein subclasses, but we did not measure the
specific lipoprotein subclasses in the study. Therefore, more research will be needed to reveal the association between
DKD and lipoprotein subclasses. In addition, even though known confounding factors have been adjusted in the cox
regression analysis, we cannot exclude potential residual confounding factors because other medications which might
influence the association was not investigated, although we adjusted for hypolipidemic drugs in our analysis. And then,
the definition of DKD in the UKB cohort based on ICD codes which may introduce diagnostic bias, even if the method
has been widely used in similar studies to supporting its feasibility in DKD research.?'*. Finally, follow-up time in
CDR cohort is short in cox regression. A longer-term follow-up cohorts may be required to evaluate the stability of the
relationship between RC and new-onset DKD in Asian populations.

In summary, our study firstly demonstrated a value of RC in predicting the development of DKD in T2DM patients
through two large population-based cohorts. The relationship between RC and adverse cardiovascular events has been
proved, and it has an unneglectable impact on the formation of atherosclerotic plaque, and development of DKD. Our
study demonstrated a significant value of high RC in identifying high risk individuals of DKD development. These
individuals are usually ignored on account of the targeted blood lipid levels. To summarize, early screening of RC level is
essential in clinical practice, especially among T2DM populations. More significantly, RC might be both a new predictor
and observation index to manage DKD populations with diabetes. Due to confounding factors, Cohort studies provide
weaker evidence for causality than RCTs. It remains uncertain Whether RC is a potential target in manage DKD
populations with diabetes. However, the indicator is promising and needs randomized controlled trials to support
intervention effects.

Conclusions

In this cohort study, results suggested that a high RC level (>0.73 mmol/L) in baseline is associated with the new-onset of
DKD in T2DM patients. Our finding highlights that RC may be an independently predictive indicator in new-onset DKD
with T2DM patients, especially concerning about the risks of RC in elderly T2DM patients. In addition, lipid-lowering
treatment may be beneficial in patients with T2DM and high RC level for non-DKD. Our study provides a data support
for future randomized controlled trials to explore the benefit of decreasing the RC level to reduce the incidence of DKD.

3570 https: Diabetes, Metabolic Syndrome and Obesity 2025:18



Chen et al

Data Sharing Statement

The study data supporting the results are available from the corresponding author based on reasonable request.

Ethics Approval and Informed Consent
This study was approved by the Ethics Committee of the First Affiliated Hospital of Chongqing Medical University.
[NCT03692884] CDR cohort is an ongoing, prospective and multistage population study. Informed consents were
collected from all individuals who were included in this study.

Consent for Publication
Informed consents were collected from all individuals in this study. All authors and individual participants gave their
consent for publication.

Acknowledgments

Thanks to the support of CDR and UK Biobank. This study was supported by: Young and Middle-aged Senior Medical
Talents studio of Chongqing; The First batch of key Disciplines on Public Health in Chongqing; International Diabetes
Exchange and Practice Special Fund and the Innovative Funded Project of Chongqing Innovation and Retention
Program.

Funding

This work was supported by: The First batch of key Disciplines on Public Health in Chongqing; International Diabetes
Exchange and Practice Special Fund [Z-2017-26-1902-2]; Young and Middle-aged Senior Medical Talents studio of
Chongqing [ZQNYXGDRCGZS2021001]; and the Innovative Funded Project of Chongqing Innovation and Retention
Program [cx2019032].

Disclosure
All authors declare that they didn’t have appeared to influence the work reported in this paper due to known potential
conflict of financial interests or personal relationships.

References

1. Nguyen NT, Nguyen XM, Lane J, Wang P. Relationship between obesity and diabetes in a US adult population: findings from the National Health
and Nutrition Examination Survey, 1999-2006. Obes Surg. 2011;21(3):351-355. doi:10.1007/s11695-010-0335-4
2. Network Scottish Diabetes Research, and Registry Scottish Renal, Bell S, Fletcher EH, Brady I, et al. End-stage renal disease and survival in people
with diabetes: a national database linkage study. QJM. 2015;108(2):127-134. doi:10.1093/qjmed/hcul70
3. Bramlage P, Lanzinger S, van Mark G, et al. Patient and disease characteristics of type-2 diabetes patients with or without chronic kidney disease:
an analysis of the German DPV and DIVE databases. Cardiovasc Diabetol. 2019;18(1):33. doi:10.1186/512933-019-0837-x
4. Yan Q, Zhao Z, Liu D, et al. Integrated analysis of potential gene crosstalk between non-alcoholic fatty liver disease and diabetic nephropathy.
Front Endocrinol (Lausanne). 2022;13:1032814. doi:10.3389/fend0.2022.1032814
S5.Li Y, Su X, Ye Q, et al. The predictive value of diabetic retinopathy on subsequent diabetic nephropathy in patients with type 2 diabetes:
a systematic review and meta-analysis of prospective studies. Ren Fail. 2021;43(1):231-240. doi:10.1080/0886022X.2020.1866010
6. Ghareeb D, Fawzy M, Maaty Al. Association of CD40 rs1883832 Polymorphism with Susceptibility of Diabetic Nephropathy and Neuropathy in
Egyptian Population. Egypt J Immunol. 2020;27(1):87-96.
7. Ganesan D, Albert A, Paul E, Ananthapadmanabhan K, Andiappan R, Sadasivam SG. Rutin ameliorates metabolic acidosis and fibrosis in alloxan
induced diabetic nephropathy and cardiomyopathy in experimental rats. Mol Cell Biochem. 2020;471(1-2):41-50. doi:10.1007/s11010-020-03758-y
8. Muntner P, Coresh J, Smith JC, Eckfeldt J, Klag MJ. Plasma lipids and risk of developing renal dysfunction: the atherosclerosis risk in communities
study. Kidney Int. 2000;58(1):293-301. doi:10.1046/j.1523-1755.2000.00165.x
9. Tsuruya K, Yoshida H, Nagata M, et al. Impact of the Triglycerides to High-Density Lipoprotein Cholesterol Ratio on the Incidence and
Progression of CKD: a Longitudinal Study in a Large Japanese Population. Am J Kidney Dis. 2015;66(6):972-983. doi:10.1053/j.ajkd.2015.05.011
10. Russo GT, De Cosmo S, Viazzi F, et al; A. MD-Annals Study Group, Plasma Triglycerides and HDL-C Levels Predict the Development of Diabetic
Kidney Disease in Subjects With Type 2 Diabetes: the AMD Annals Initiative. Diabetes Care. 2016;39(12):2278-2287. do0i:10.2337/dc16-1246
11. Jansson Sigfrids F, Stechemesser L, Dahlstrom EH, et al; FinnDiane Study Group. Apolipoprotein C-III predicts cardiovascular events and
mortality in individuals with type 1 diabetes and albuminuria. J Intern Med. 2022;291(3):338-349. doi:10.1111/joim.13412
12. Varbo A, Benn M, Tybjerg-Hansen A, Jorgensen AB, Frikke-Schmidt R, Nordestgaard BG. Remnant cholesterol as a causal risk factor for
ischemic heart disease. J Am Coll Cardiol. 2013;61(4):427-436. doi:10.1016/j.jacc.2012.08.1026

Diabetes, Metabolic Syndrome and Obesity 2025:18 heeps: 3571


https://doi.org/10.1007/s11695-010-0335-4
https://doi.org/10.1093/qjmed/hcu170
https://doi.org/10.1186/s12933-019-0837-x
https://doi.org/10.3389/fendo.2022.1032814
https://doi.org/10.1080/0886022X.2020.1866010
https://doi.org/10.1007/s11010-020-03758-y
https://doi.org/10.1046/j.1523-1755.2000.00165.x
https://doi.org/10.1053/j.ajkd.2015.05.011
https://doi.org/10.2337/dc16-1246
https://doi.org/10.1111/joim.13412
https://doi.org/10.1016/j.jacc.2012.08.1026

Chen et al

13.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

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;42(42):4324-4332. doi:10.1093/eurheartj/chab432

. Horace RW, Roberts M, Shireman TI, et al. Remnant cholesterol is prospectively associated with cardiovascular disease events and all-cause

mortality in kidney transplant recipients: the FAVORIT study. Nephrol Dial Transplant. 2022;37(2):382-389. doi:10.1093/ndt/gfab068

. Castaner O, Pinto X, Subirana I, et al. Remnant Cholesterol, Not LDL Cholesterol, Is Associated With Incident Cardiovascular Disease. J Am Coll

Cardiol. 2020;76(23):2712-2724. doi:10.1016/j.jacc.2020.10.008

. 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;58(12):1615-1625. doi:10.1007/s00592-021-01765-z

. Shan Y, Wang Q, Zhang Y, et al. High remnant cholesterol level is relevant to diabetic retinopathy in type 2 diabetes mellitus. Lipids Health Dis.

2022;21(1):12. doi:10.1186/s12944-021-01621-7

.WuZ, YuS, Zhu Q, et al. Association of baseline and cumulative remnant cholesterol with incidence of diabetic nephropathy: a longitudinal cohort

study. Diabet Res Clin Pract. 2022;191:110079. doi:10.1016/j.diabres.2022.110079

.LiuZ, Li X, Wang Y, et al. The concordance and discordance of diabetic kidney disease and retinopathy in patients with type 2 diabetes mellitus: a

cross-sectional study of 26,809 patients from 5 primary hospitals in China. Front Endocrinol. 2023;14:1133290. doi:10.3389/fend0.2023.1133290
Chen J, Kuang J, Tang X, et al. Comparison of calculated remnant lipoprotein cholesterol levels with levels directly measured by nuclear magnetic
resonance. Lipids Health Dis. 2020;19(1):132. doi:10.1186/s12944-020-01311-w

Sudlow C, Gallacher J, Allen N, et al. UK biobank: an open access resource for identifying the causes of a wide range of complex diseases of
middle and old age. PLoS Med. 2015;12(3):¢1001779. doi:10.1371/journal.pmed.1001779

Park S, Lee S, Kim Y, et al. Causal Effects of Positive Affect, Life Satisfaction, Depressive Symptoms, and Neuroticism on Kidney Function:
a Mendelian Randomization Study. J Am Soc Nephrol. 2021;32(6):1484-1496. doi:10.1681/ASN.2020071086

Zhao JV, Schooling CM. The role of testosterone in chronic kidney disease and kidney function in men and women: a bi-directional Mendelian
randomization study in the UK Biobank. BMC Med. 2020;18(1):122. doi:10.1186/s12916-020-01594-x

Zhong P, Tan S, Zhu Z, et al. Normal-weight central obesity and risk of cardiovascular and microvascular events in adults with prediabetes or
diabetes: chinese and British cohorts. Diabetes Metab Res Rev. 2023;31(8):¢3707. doi:10.1002/dmrr.3707

American Diabetes Association. Microvascular Complications and Foot Care: standards of Medical Care in Diabetes-2020. Diabetes Care. 2020;43
(Suppl 1):S135-S151. doi:10.2337/dc20-S011

Jiang W, Wang J, Shen X, et al. Establishment and Validation of a Risk Prediction Model for Early Diabetic Kidney Disease Based on a Systematic
Review and Meta-Analysis of 20 Cohorts. Diabetes Care. 2020;43(4):925-933. doi:10.2337/dc19-1897

Gross JL, de Azevedo MJ, Silveiro SP, Canani LH, Caramori ML, Zelmanovitz T. Diabetic nephropathy: diagnosis, prevention, and treatment.
Diabetes Care. 2005;28(1):164—176. doi:10.2337/diacare.28.1.164

Alicic RZ, Rooney MT, Tuttle KR. Diabetic Kidney Disease: challenges, Progress, and Possibilities. Clin J Am Soc Nephrol. 2017;12
(12):2032-2045. doi:10.2215/CIN.11491116

Tolonen N, Forsblom C, Thorn L, et al; Group FinnDiane Study. Lipid abnormalities predict progression of renal disease in patients with type 1
diabetes. Diabetologia. 2009;52(12):2522-2530. doi:10.1007/s00125-009-1541-2

Gong L, Wang C, Ning G, et al. High concentrations of triglycerides are associated with diabetic kidney disease in new-onset type 2 diabetes in
China: findings from the China Cardiometabolic Disease and Cancer Cohort (4C) Study. Diabetes Obes Metab. 2021;23(11):2551-2560.
doi:10.1111/dom.14502

Zhai Q, Dou J, Wen J, et al. Association between changes in lipid indexes and early progression of kidney dysfunction in participants with normal
estimated glomerular filtration rate: a prospective cohort study. Endocrine. 2022;76(2):312-323. doi:10.1007/s12020-022-03012-z

Tam AA, Altay FP, Demir P, et al. The Association Between Diabetic Nephropathy and Triglyceride/Glucose Index and Triglyceride/High-Density
Lipoprotein Cholesterol Ratio in Patients with Type 2 Diabetes Mellitus. J Clin Med. 2024;13(22):6954. do0i:10.3390/jcm13226954

Su WY, Chen SC, Huang YT, et al. Comparison of the Effects of Fasting Glucose, Hemoglobin Alc, and Triglyceride-Glucose Index on
Cardiovascular Events in Type 2 Diabetes Mellitus. Nutrients. 2019;11(11):2838. doi:10.3390/nul1112838

Sanchez-ifiigo L, Navarro-Gonzalez D, Pastrana-Delgado J, Fernandez-Montero A, Martinez JA. Association of triglycerides and new lipid markers
with the incidence of hypertension in a Spanish cohort. J Hypertens. 2016;34(7):1257-1265. doi:10.1097/HJH.000000000000094 1

Zhou Z, Liu Q, Zheng M, et al. Comparative study on the predictive value of TG/HDL-C, TyG and TyG-BMI indices for 5-year mortality in
critically ill patients with chronic heart failure: a retrospective study. Cardiovasc Diabetol. 2024;23(1):213. doi:10.1186/s12933-024-02308-w
Liu L, Xia R, Song X, et al. Association between the triglyceride-glucose index and diabetic nephropathy in patients with type 2 diabetes: a
cross-sectional study. J Diabetes Investig. 2021;12(4):557-565. doi:10.1111/jdi.13371

Chongqing Diabetes Registry Group, Lv L, Zhou Y, Chen X, et al. Relationship Between the TyG Index and Diabetic Kidney Disease in Patients
with Type-2 Diabetes Mellitus. Diabetes Metab Syndr Obes. 2021;14:3299-3306. doi:10.2147/DMS0O.S318255

Ho CI, Chen JY, Chen SY, et al. Relationship between TG/HDL-C ratio and metabolic syndrome risk factors with chronic kidney disease in healthy
adult population. Clin Nutr. 2015;34(5):874-880. doi:10.1016/j.clnu.2014.09.007

Hao QY, Gao JW, Yuan ZM, et al. Remnant Cholesterol and the Risk of Coronary Artery Calcium Progression: insights From the CARDIA and
Mesa Study. Circ Cardiovasc Imaging. 2022;15(7):¢014116. doi:10.1161/CIRCIMAGING.122.014116

Fu L, Tai S, Sun J, et al. Remnant Cholesterol and Its Visit-to-Visit Variability Predict Cardiovascular Outcomes in Patients With Type 2 Diabetes:
findings From the ACCORD Cohort. Diabetes Care. 2022;45(9):2136-2143. doi:10.2337/dc21-2511

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;106(12):3546-3554. doi:10.1210/clinem/dgab533

Wang A, Wang Y, Li L, et al. A study on the correlation between remnant cholesterol and urinary albumin to creatinine ratio in Chinese community
adults: a report from the REACTION study. J Diabetes. 2020;12(12):870-880. doi:10.1111/1753-0407.13076

Twickler TB, Dallinga-Thie GM, Cohn JS, Chapman MJ. Elevated remnant-like particle cholesterol concentration: a characteristic feature of the
atherogenic lipoprotein phenotype. Circulation. 2004;109(16):1918-1925. doi:10.1161/01.CIR.0000125278.58527.F3

Ohnishi H, Saitoh S, Takagi S, et al. Relationship between insulin-resistance and remnant-like particle cholesterol. Atherosclerosis. 2002;164
(1):167-170. doi:10.1016/S0021-9150(02)00057-6

3572 https: Diabetes, Metabolic Syndrome and Obesity 2025:18


https://doi.org/10.1093/eurheartj/ehab432
https://doi.org/10.1093/ndt/gfab068
https://doi.org/10.1016/j.jacc.2020.10.008
https://doi.org/10.1007/s00592-021-01765-z
https://doi.org/10.1186/s12944-021-01621-7
https://doi.org/10.1016/j.diabres.2022.110079
https://doi.org/10.3389/fendo.2023.1133290
https://doi.org/10.1186/s12944-020-01311-w
https://doi.org/10.1371/journal.pmed.1001779
https://doi.org/10.1681/ASN.2020071086
https://doi.org/10.1186/s12916-020-01594-x
https://doi.org/10.1002/dmrr.3707
https://doi.org/10.2337/dc20-S011
https://doi.org/10.2337/dc19-1897
https://doi.org/10.2337/diacare.28.1.164
https://doi.org/10.2215/CJN.11491116
https://doi.org/10.1007/s00125-009-1541-2
https://doi.org/10.1111/dom.14502
https://doi.org/10.1007/s12020-022-03012-z
https://doi.org/10.3390/jcm13226954
https://doi.org/10.3390/nu11112838
https://doi.org/10.1097/HJH.0000000000000941
https://doi.org/10.1186/s12933-024-02308-w
https://doi.org/10.1111/jdi.13371
https://doi.org/10.2147/DMSO.S318255
https://doi.org/10.1016/j.clnu.2014.09.007
https://doi.org/10.1161/CIRCIMAGING.122.014116
https://doi.org/10.2337/dc21-2511
https://doi.org/10.1210/clinem/dgab533
https://doi.org/10.1111/1753-0407.13076
https://doi.org/10.1161/01.CIR.0000125278.58527.F3
https://doi.org/10.1016/S0021-9150(02)00057-6

Chen et al

45.

46.

47.

48.

49.

50.

5

—

52.

53.

54.

55.

56.

57.

Shen Y, Xie L, Chen X, et al. Renal fat fraction is significantly associated with the risk of chronic kidney disease in patients with type 2 diabetes.
Front Endocrinol (Lausanne). 2022;13:995028. doi:10.3389/fendo.2022.995028

Varbo A, Benn M, Tybjaerg-Hansen A, Nordestgaard BG. Elevated remnant cholesterol causes both low-grade inflammation and ischemic heart
disease, whereas elevated low-density lipoprotein cholesterol causes ischemic heart disease without inflammation. Circulation. 2013;128
(12):1298-1309. doi:10.1161/CIRCULATIONAHA.113.003008

Shin HK, Kim YK, Kim KY, Lee JH, Hong KW. Remnant lipoprotein particles induce apoptosis in endothelial cells by NAD(P)H oxidase-mediated
production of superoxide and cytokines via lectin-like oxidized low-density lipoprotein receptor-1 activation: prevention by cilostazol. Circulation.
2004;109(8):1022-1028. doi:10.1161/01.CIR.0000117403.64398.53

Miller PE, Martin SS, Joshi PH, et al. Pitavastatin 4 mg Provides Significantly Greater Reduction in Remnant Lipoprotein Cholesterol Compared
With Pravastatin 40 mg: results from the Short-term Phase IV PREVAIL US Trial in Patients With Primary Hyperlipidemia or Mixed Dyslipidemia.
Clin Ther. 2016;38(3):603-609. doi:10.1016/j.clinthera.2016.02.001

Ahmed O, Littmann K, Gustafsson U, et al. Ezetimibe in Combination With Simvastatin Reduces Remnant Cholesterol Without Affecting Biliary
Lipid Concentrations in Gallstone Patients. J Am Heart Assoc. 2018;7(24):¢009876. doi:10.1161/JAHA.118.009876

Morise AP, Tennant J, Holmes SD, Tacker DH. The Effect of Proprotein Convertase Subtilisin/Kexin Type 9 Inhibitors on Nonfasting Remnant
Cholesterol in a Real World Population. J Lipids. 2018;2018:9194736. doi:10.1155/2018/9194736

. Cordero A, Fernandez Olmo MR, Cortez Quiroga GA, et al. Effect of PCSK9 inhibitors on remnant cholesterol and lipid residual risk: the

LIPID-REAL registry. Eur J Clin Invest. 2022;52(12):e13863. doi:10.1111/eci.13863

Tsunoda F, Asztalos IB, Horvath KV, Steiner G, Schaefer EJ, Asztalos BF. Fenofibrate, HDL, and cardiovascular disease in Type-2 diabetes: the
DAIS trial. Atherosclerosis. 2016;247:35-39. doi:10.1016/j.atherosclerosis.2016.01.028

Ishibashi S, Arai H, Araki E, et al. K-877-04 Study Group. Effects of K-877, a novel selective PPARa modulator (SPPARMa), in dyslipidaemic
patients: a randomized, double blind, active- and placebo-controlled, Phase 2 trial. Atherosclerosis. 2016;249:36-43. doi:10.1016/j.
atherosclerosis.2016.02.029

Das Pradhan A, Glynn RJ, Fruchart JC, et al. PROMINENT Investigators. Triglyceride Lowering with Pemafibrate to Reduce Cardiovascular Risk.
N Engl J Med. 2022;387(21):1923-1934. doi:10.1056/NEJMoa2210645

Yamashita S, Masuda D, Matsuzawa Y. Pemafibrate, a New Selective PPARo. Modulator: drug Concept and Its Clinical Applications for
Dyslipidemia and Metabolic Diseases. Curr Atheroscler Rep. 2020;22(1):5. doi:10.1007/s11883-020-0823-5

Wadstrom BN, Wulff AB, Pedersen KM, Jensen GB, Nordestgaard BG. Elevated remnant cholesterol increases the risk of peripheral artery disease,
myocardial infarction, and ischaemic stroke: a cohort-based study. Eur Heart J. 2022;43(34):3258-3269. doi:10.1093/eurheartj/ehab705

Huh JH, Roh E, Lee SJ, Ihm SH, Han KD, Kang JG. Remnant Cholesterol Is an Independent Predictor of Type 2 Diabetes: a Nationwide
Population-Based Cohort Study. Diabetes Care. 2023;46(2):305-312. doi:10.2337/dc22-1550

Diabetes, Metabolic Syndrome and Obesity Dovepress
Taylor & Francis Group

Publish your work in this journal

Diabetes, Metabolic Syndrome and Obesity is an international, peer-reviewed open-access journal committed to the rapid publication of the
latest laboratory and clinical findings in the fields of diabetes, metabolic syndrome and obesity research. Original research, review, case reports,
hypothesis formation, expert opinion and commentaries are all considered for publication. The manuscript management system is completely
online and includes a very quick and fair peer-review system, which is all easy to use. Visit http://www.dovepress.com/testimonials.php to
read real quotes from published authors.

Submit your manuscript here: https://www.dovepress.com/diabetes-metabolic-syndrome-and-obesity-journal

Diabetes, Metabolic Syndrome and Obesity 2025:18 E X in 3@ 3573


https://doi.org/10.3389/fendo.2022.995028
https://doi.org/10.1161/CIRCULATIONAHA.113.003008
https://doi.org/10.1161/01.CIR.0000117403.64398.53
https://doi.org/10.1016/j.clinthera.2016.02.001
https://doi.org/10.1161/JAHA.118.009876
https://doi.org/10.1155/2018/9194736
https://doi.org/10.1111/eci.13863
https://doi.org/10.1016/j.atherosclerosis.2016.01.028
https://doi.org/10.1016/j.atherosclerosis.2016.02.029
https://doi.org/10.1016/j.atherosclerosis.2016.02.029
https://doi.org/10.1056/NEJMoa2210645
https://doi.org/10.1007/s11883-020-0823-5
https://doi.org/10.1093/eurheartj/ehab705
https://doi.org/10.2337/dc22-1550
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress

	Introduction
	Methods
	UK Biobank
	CDR
	Statistical Analysis

	Results
	UKB
	CDR
	Association of RC with new-onset DKD in stratified Analysis

	Discussion
	Conclusions
	Data Sharing Statement
	Ethics Approval and Informed Consent
	Consent for Publication
	Acknowledgments
	Funding
	Disclosure

