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Abstract

Background In individuals receiving continuous ambulatory peritoneal dialysis (CAPD), remnant cholesterol (RC) and
high-density lipoprotein cholesterol (HDL-C) levels significantly influence clinical outcomes. Current clinical practice
might benefit from assessing these two lipid markers in combination when evaluating cardiovascular disease (CVD)
and all-cause mortality. Therefore, this research sought to examine how the RC/HDL-C ratio correlates with both CVD
and all-cause mortality rates among individuals receiving CAPD treatment.

Methods Between January 1, 2005 and December 31, 2016, a multi-center retrospective analysis of 2006 CAPD
patients from five peritoneal dialysis hospitals in China was conducted. Participants were split into two subgroups
in accordance with the baseline serum RC/HDL-C ratio restricted cubic spline cutoff value. The correlations between
mortality and RC/HDL-C ratio were examined through case-specific hazard modeling.

Results The observation period documented 549 all-cause fatalities, with cardiovascular deaths accounting for 269
cases. The Kaplan-Meier analysis revealed statistically significant divergence in both all-cause mortality (log rank test
P<0.001) and CVD mortality (log rank test P=0.003). Elevated RC/HDL-C ratios showed increased hazard ratios (HR)

for all-cause mortality (1.335,95% Cl, 1.112-1.603, P=0.002) and CVD mortality (1.319, 95% Cl, 1.013-1.717, P=0.040)
compared to lower ratio counterparts. Nevertheless, no statistically meaningful association was found between CVD
mortality and either RC (HR: 1.296, 95% Cl, 0.992-1.691, P=0.057) or HDL-C (HR: 0.887, 95% Cl, 0.680-1.157, P=0.376).

Conclusion The RC/HDL-C ratio independently predicts mortality in CAPD patients, persisting as a significant
prognostic marker after multivariable adjustment.
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Introduction
End-stage renal illness severely affects health care sys-
tems and is prevalent worldwide [1]. One of the primary
options for end-stage renal illness, which affects approxi-
mately 11% of dialysis patients overall, is continuous
ambulatory peritoneal dialysis (CAPD) [2]. Cardiovascu-
lar complications represent the primary cause of mortal-
ity in individuals with chronic kidney disease (CKD) [3].
Peritoneal dialysis recipients exhibit distinct lipid
metabolism derangements serving as validated predic-
tors of cardiovascular risk. Characteristic presentations
include elevated total cholesterol (TC), triglyceride (TG),
and low-density lipoprotein cholesterol (LDL-C), with
concurrent reductions in high-density lipoprotein cho-
lesterol (HDL-C) levels. One of the most prevalent forms
of dyslipidemia in peritoneal dialysis patients is hyper-
triglyceridemia [4, 5]. Contemporary treatment strate-
gies for peritoneal dialysis patients LDL-C reduction as
the primary intervention for dyslipidemia management.
However, some research has indicated that a significant
cardiovascular risk remains even when LDL-C reaches
guideline-recommended targets. Furthermore, phar-
macological interventions targeting HDL-C elevation
demonstrate no significant clinical efficacy in patients
receiving intensive statin regimens, suggesting that
elevated remnant cholesterol (RC) concentrations may
underlie residual cardiovascular risk [6, 7]. RC is tri-
glyceride-rich lipoprotein cholesterol comprising very
low-density lipoprotein cholesterol (VLDL-C) and inter-
mediate-density lipoprotein cholesterol (IDL-C) in the
fasting periods as well as VLDL-C, IDL-C, and chylomi-
cron in the postprandial state. RC is a significant cardio-
vascular disease (CVD) risk factor [8]. Emerging evidence
demonstrates associations between increased RC con-
centrations and elevated stroke risk [9, 10], with parallel
correlations observed for atherosclerotic cardiovascular
conditions [11, 12]. Furthermore, among individuals on
peritoneal dialysis, RC demonstrates independent associ-
ations with all-cause mortality and cardiovascular-related
fatalities [13]. Reduced HDL-C levels have also been cor-
related with the occurrence of CVD in the aged popula-
tion [14]. Moreover, the development of CKD is linked to
low plasma HDL-C levels [15]. The RC/HDL-C ratio acts
as a marker for intracranial atherosclerosis [16] and myo-
cardial injury following percutaneous coronary interven-
tion in diabetes populations [17]. Furthermore, elevated
RC/HDL-C ratios demonstrate robust associations with
incident nonalcoholic fatty liver disease (NAFLD) risk.
Compared to traditional lipid biomarkers, the composite
RC/HDL-C metric enhances NAFLD detection accuracy
[18]. As a new biomarker, the RC/HDL-C ratio demon-
strates clinical significance and is easily accessible. It
can be widely used in clinical and epidemiologic studies
to assess a patient’s CVD risk. Therefore, combining RC
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and HDL-C may enhance predict the prognosis of CAPD
patients.

However, a thorough examination of the associations
between the RC/HDL-C ratio and mortality outcomes in
CAPD patients is needed to enhance clinical understand-
ing of metabolic parameter optimization and prognos-
tic evaluation techniques, as there have been no studies
to date indicating a relationship between mortality and
the ratio. This cohort study, utilizing data from multiple
peritoneal dialysis centers in China, was designed to
investigate the potential ability of the RC/HDL-C ratio in
forecasting mortality among CAPD patients.

Study design and population

This multi-center cohort analysis included patients with
ongoing CAPD selected from a multicenter database
(The Ever-green Tree Nephrology Group [ETNG]) in
China from January 1, 2005, to May 31, 2016. Age>18
years and < 80 years at the start of CAPD and survival for
>three months following initial CAPD therapy were the
inclusion criteria. Patients with malignant diseases were
excluded. The study ultimately included 2006 patients
(Fig. 1).

All patients were monitored until May 31, 2017, at
which point they were either censored, moved to another
dialysis center, switched to hemodialysis (HD) therapy,
or lost to follow-up. CVD mortality encompassed fatal
events attributed to acute myocardial ischemia, heart
failure, hemorrhagic/thromboembolic cerebrovascular
events, life-threatening arrhythmias, and sudden cardiac
death.

This investigation strictly adhered to the provisions of
the Helsinki Declaration. All research protocols received
formal approval from the Ethics Review Board of Guang-
zhou Medical University’s Second Affiliated Hospital
(Approval No. 2024-hg-ks-10). Given the observational
nature of this retrospective analysis involving only ano-
nymized clinical data, the institutional ethics committee
granted a waiver of informed consent requirements, con-
firming the absence of both interventional procedures
and participant risk exposure. All study participant data
were obtained from hospital inpatient information and
used anonymously.

Lipid measurements

Blood samples were taken after participants had fasted
overnight. The CHOD-PAP technique was used to detect
TC, whereas enzyme colorimetry was used to measure
TG. LDL-C concentrations were quantified via homoge-
neous enzymatic colorimetric assays, while HDL-C lev-
els were assessed using selective inhibition methodology.
The following is how RC was calculated and examined as
a continuous variable: RC=TC-LDL-C-HDL-C, with
the RC/HDL-C ratio was obtained by dividing RC by



Wang et al. Lipids in Health and Disease (2025) 24:107

Entire cohort
(n=2106)

Enrollment
(n=2006)
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Age<<18 years or >80 years (n=37)
PD less than three months (n=52)
Malignancy disease (n=11)

-

Death (n=549)

Death from CVD (n=269)
Transferred to HD (n=230)
Renal transplantation (n=91)
Transferred to other center (n=28)
Lost to follow up (n=42)

\ Follow up to 31, May, 2017 (n=1066) /

\

Fig. 1 Flow chart of the participants in the study cohort. PD, peritoneal dialysis; HD, hemodialysis

HDL-C. This equation has been widely employed in prior
studies despite the absence of standardized RC quantifi-
cation protocols because it can be acquired from conven-
tional lipid profiles [19-21]. Baseline lipid profiles were
acquired within the first one to three months after the
start of CAPD.

Baseline investigations

The demographic baseline data encompassed variables
such as age, sex, complications, and medication history.
In addition, baseline biochemical indices were docu-
mented during the commencement of CAPD. These
included body mass index (BMI), blood pressure, lipid
profile, serum uric acid, platelet count, serum albumin,
hemoglobin, serum creatinine, calcium, sodium, potas-
sium, phosphorus, total Kt/V for urea (Kt/V), fasting
blood glucose and renal residual function (RRF). Within
three months of the start, baseline data were gathered,
and medication use was documented in accordance with
prescriptions.

Statistical analysis
Relationships of the RC/HDL-C ratio with mortality out-
comes were assessed via restricted cubic spline (RCS)

modeling. The RCS function with five knots was applied.
Through RCS analyses, a cutoff RC/HDL-C ratio of 0.56
was established as the reference value. Study participants
were classified into two groups: Group 1 (RC/HDL-C
ratio<0.56) and Group 2 (RC/HDL-C ratio>0.56). The
median (25th to 75th percentile) was used to reflect the
skewed distribution of all continuous variables, whereas
frequencies and percentages were applied to report cat-
egorical data. Non-normally distributed continuous
measures underwent nonparametric analysis via the
Mann-Whitney U method. Categorical variables compar-
isons utilized chi-square testing. A Kaplan-Meier curve
was used to analyze all-cause and CVD deaths, with dif-
ferences between group quantified through log-rank
comparative testing.

A univariate Cox proportional hazards regression anal-
ysis was utilized to examine the relationships between
risk variables and mortality. To assess the proportional
hazards assumption in the unadjusted Cox analysis, the
Schoenfeld residual test was conducted, and this assump-
tion was satisfied for both CVD and all-cause mortality.
Qualified covariates were used to develop a multivariate
Cox regression model. The duration of risk in the Cox
regression models ranged from the start of the trial to
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Table 1 Baseline patient characteristics by categories of RC/ HDL-C ratio

Total RC/HDL-C ratio RC/HDL-C ratio Pvalue

<0.56 =20.56

(n=2006) (n=1011) (n=995)
Demographic data
Age (Y) 51 (40,62) 49 (39,60) 52 (40,63) <0.001
Male sex (%) 1097 (54.7) 552 (54.6) 545 (54.8) 0.937
BMI (kg/m2) 21.7(19.8,24.1) 21.3(19.7,23.8) 22.1(20.1,24.4) <0.001
Systolic BP (mmHg) 142 (130,155) 143 (132,159) 141 (130,153) 0.007
Diastolic BP (mmHg) 85 (78,93) 86 (79,94) 84 (7892) 0.003
Comorbid
Hypertension (%) 1435 (71.5) 716 (70.8) 719(72.3) 0475
Diabetes Mellitus (%) 416 (20.7) 192 (19.0) 224 (22.5) 0.052
Prior cardiovascular disease (%) 295 (14.7) 114 (11.3) 181 (18.2) <0.001
Treatments
CCB (%) 1526 (76.1) 759 (75.1) 767 (77.1) 0.291
ACEI/ARB use (%) 827 (6.0) 388 (384) 439 (44.1) 0.009
B-blockers (%) 783 (39.0) 390 (38.6) 393 (39.5) 0.672
Aspirin (%) 198 (9.9) 91 (9.0) 107 (10.8) 0.188
Insulin (%) 279 (13.9) 137 (13.6) 142 (14.3) 0.641
Diuretic (%) 138 (6.9) 73(7.2) 65 (6.5) 0.543
Statin (%) 223(11.1) 106 (10.5) 117(11.8) 0.364
Laboratory variables
WBC(*109/L) 6.2 (5.0,7.7) 59(4.7,72) 6.6 (5.3,8.1) <0.001
Platelet(*109/L) 191 (146,242) 177 (131,227) 205 (160,261) <0.001
Hemoglobin(g/L) 90 (75,108) 87 (73,105) 93 (77,110) <0.001
Albumin (g/L) 359(32.1,393) 35.9(32.0,394) 35.9(323,39.2) 0.709
Triglycerides (mmol/L) 1.3(0.9,1.9) 1.0(0.8,1.4) 1.8(14,2.5) <0.001
RC (mmol/L) 0.62 (0.40,0.98) 041 (0.28,0.53) 0.97 (0.71,1.37) <0.001
HDL -C(mmol/L) 1.10(0.90,1.40) 1.31(1.08,1.58) 0.95(0.79,1.12) <0.001
RC/HDL-C 0.55(0.32,0.97) 0.32(0.21,043) 0.98(0.72,1.48) <0.001
Creatinine (Lmol/L) 720 (552,951) 730 (564,963) 715 (542,939) 0.078
Uric acid (umol/L) 411 (345,484) 407 (338,487) 417 (351,483) 0.091
Sodium(mmol/L) 140.0 (138.0,142.0) 140.0 (138.0,142.0) 140.0 (137.8,142.2) 0.299
Calcium (mmol/L) 2.1(023) 21(1923) 22(20.23) <0.001
Phosphorus (mmol/L) 1.6(1.3,2.0) 1.7(14,2.0) 1.6(1.3,2.0) 0.001
Potassium (mmol/L) 4.1(354.7) 42 (3.64.38) 3.9(3445) <0.001
FBG (mmol/L) 48(4.2,57) 4.7 (4.1,54) 4.9(4.3,6.0) <0.001
Total Kt/V 22(1.827) 2.2(1.8,2.6) 23(1.92.7) 0.010
RRF (mL/min/1.73 m?) 33(1.854) 32(1.85.2) 33(1.9,5.6) 0.035

All continuous variables were skewed distribution, the values for continuous variables were given as P50 (P25, P75). BMI, body mass index; BP, blood pressure; CCB,
calcium channel blocker; ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; WBC, white blood cell; RC, remnant cholesterol; HDL-C,
high-density lipoprotein cholesterol; FBG: fasting blood glucose; Total Kt/V, K, clearance of urea; t, dialysis time; V, volume of distribution of urea; RRF, renal residual

function

all-cause and CVD death, as well as moving to hemodi-
alysis therapy, kidney transplantation, other center’s care,
or the study’s conclusion on May 31, 2017. Competing
risk analysis was utilized to consider the impact of the
previously mentioned follow-up outcomes on mortal-
ity. To minimize the possibility of reverse causality, par-
ticipants with a past experience of CVD or those who
passed away within six months before the follow-up were
excluded from the multivariate Cox regression analysis.
Subgroup analyses were executed to evaluate potential
modifications in the RC/HDL-C-mortality association

across clinically relevant subpopulations. The subgroup
classification criteria included age threshold (<60 vs.>60
years), sex, hypertensive history (yes/no), diabetes sta-
tus (present/absent), and TG concentrations categorized
at 1.7 mmol/L. All computational procedures were exe-
cuted through SPSS 26.0 software and R (R-4.3.0), and
P<0.05 indicated statistical significance.
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Table 2 Incidence rate of death according to RC/ HDL-C ratio

Outcomes RC/HDL-Cratio
Total RC/HDL-C  RC/HDL-C
ratio<0.56 ratio=0.56
All-cause mortality
Deaths, n 549 226 323
Deaths, per 1000 person years 874 36.0 514
CVD mortality
Deaths, n 269 111 158
Deaths, per 1000 person years 42.8 17.7 252

The incidence rate was calculated by dividing the proportion of events by the
total effective observation time in the risk, which is converted to the number
of episodes per 1000 years. RC, remnant cholesterol; HDL-C, high-density
lipoprotein cholesterol

Results

Baseline characteristics

After excluding 37 patients under 18 or over 80 years
old, 52 patients who had not been monitored for more
than three months, and 11 patients who had malignant
diseases, the final analysis included 2006 CAPD patients
(Fig. 1).

There were no differences in the distributions of the
primary and input data when we compared the two vari-
ables (Table S1).

The analyzed cohort included 2,006 participants, dem-
onstrating a median age of 51 years (IQR 40-62). Males
accounted for 54.7% of participants, while 416 (20.7%)
had diabetes, and 295 (14.7%) had CVD. The median
RC/HDL-C ratio was 0.55 (0.32, 0.97). The RCS analyses
guided the selection of reference groups; these analy-
ses determined the optimal reference category for RC/
HDL-C in all-cause mortality assessment, establishing
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0.56 as the critical subgroup threshold (Fig. S1). Patient
characteristics by baseline RC/HDL-C are shown in
Table 1. Higher RC/HDL-C was linked to greater usage
of angiotensin converting enzyme inhibitor (ACEI) or
angiotensin receptor blocker (ARB), older age, and a
greater risk of CVD. Higher RC/HDL-C was linked to
increases in BMI, white blood cell, platelet, hemoglobin,
TG, fasting blood glucose levels, serum calcium levels,
total Kt/V, and RRF but decreased blood pressure and
serum potassium and serum phosphorus levels.

The RC/HDL-C ratio and mortality

The median follow-up period spanned 21.7 months (IQR
19.9-24.1). Throughout the following period, 549 (27.4%)
all-cause deaths, 230 (11.5%) patients were moved to
HD, 91 patients (4.5%) received renal transplants, 28
patients (1.4%) were moved to other peritoneal dialysis
clinics, and 42 patients (2.1%) were excluded due to loss
of contact (Fig. 1). Among the 549 deaths, 269 (49.0%)
were caused by CVD, 59 (10.7%) by infections, 111
(20.2%) by other causes, and 110 (20.0%) by unknown
causes. The low RC/HDL-C group exhibited 226 deaths
(36.0 per 1000 person-years), whereas the high-ratio
group demonstrated 323 deaths (51.4 per 1000 person-
years) (Table 2). The Kaplan-Meier cumulative morbid-
ity curves used in the survival analysis revealed that the
higher RC/HDL-C group had greater all-cause mortal-
ity (log-rank test P<0.0001) and CVD mortality (log-
rank test P=0.003) than the lower RC/HDL-C group did
(Fig. 2). Multivariable-adjusted Cox regression modeling
demonstrated elevated hazards for all-cause mortality
(HR: 1.335; 95%CI, 1.112-1.603) and CVD mortality (HR:
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Fig. 2 Kaplan-Meier curves of CAPD patients with different levels of RC/HDL-C ratio all-cause mortality (A) and CVD mortality (B)



Wang et al. Lipids in Health and Disease (2025) 24:107

Table 3 RC/HDL-C ratio predicts the prognosis of all-cause and
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Table 4 HDL-C, RC, RC/HDL-C ratio based on Cox regression

CVD mortality in CAPD patients model

All-cause mortality HR (95%Cl) P All-cause mortality HR (95%Cl) Pvalue
value RC 1.331(1.106,1.603) 0.003

Univariate 1449 (1.222,1.718) <0.001 HDL 0.992 (0.826, 1.190) 0.929

Multivariable 1.335 (1.112,1.603) 0.002 RC/HDL-C ratio 1.335(1.112,1.603) 0.002

Patients without prior cardiovascular 1427 (1.152,1.768) 0.001 CVD mortality

disease RC 1.296 (0.992,1.691) 0.057

Patients with follow-up period >6 1.338(1.105,1.620) 0.003 HDL-C 0.887 (0.680,1.157) 0376

months RC/HDLC ratio 1319(1.013,1.717) 0.040

CVP njortahty Reference group was the lower RC/HDL-C group (RC/HDL-C<0.56);

Univariate 1441 (1.130,1.838) 0.003 Unless stated, model adjusted for age, sex, body mass index, comorbidities,

Multivariable 1.319(1.013,1.717) 0.040 medication use, and laboratory variables. HR, hazards ratio; RC, remnant

Patients without prior cardiovascular 1436 (1.053,1.957) 0.022 cholesterol; HDL-C, high-density lipoprotein cholesterol

disease

Patients with follow-up period >6 1.352(1.027,1.780) 0.032 follow-up (P>0.05). All-cause and CVD mortality results

months
Reference group was the lower RC/HDL-C group (RC/HDL-C<0.56);

Unless stated, model adjusted for age, sex, body mass index, comorbidities,
medication use, and laboratory variables. HR, hazards ratio

1.319; 95%CI, 1.013-1.717) in the elevated RC/HDL-C
cohort compared to lower-ratio counterparts. The sta-
tistical models incorporated comprehensive adjustments
for comorbidity profiles, pharmacotherapy regimens,
demographic variables (age/sex), and laboratory bio-
markers. The results of the RC/HDL-C study remained
largely unchanged after excluding patients who had a his-
tory of CVD or those who passed away within six months
of follow-up (Table 3).

In the competing risk analysis, the cumulative inci-
dence curve between different RC/HDL-C groups was
significant for all-cause mortality (P<0.001). Never-
theless, there was no difference in metastasis to HD
treatment (P>0.05), kidney transplantation (P> 0.05),
transfer to different facilities (P>0.05), or loss to
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were comparable (Fig. 3).

Comparison with RC and HDL-C

To examine the comparative prognostic performance
of the RC/HDL-C ratio versus isolated RC and HDL-C
measurements in CADP patients, cohorts were strati-
fied using RCS-derived thresholds for baseline serum RC
and HDL-C, employing consistent stratification crite-
ria aligned with the RC/HDL-C grouping methodology.
After controlling for comorbidities, medications, sex,
age, and biochemical tests in multifactorial Cox stepwise
regression analyses, elevated RC levels demonstrated sig-
nificant associations with increased all-cause mortality
risk in CAPD recipients (HR: 1.331, 95%CI, 1.106—1.603),
though no differential CVD mortality risk was observed
between high and low RC subgroups. Notably, HDL-C
concentrations showed no statistically meaningful corre-
lations with either CVD or all-cause mortality endpoints
in this population (Table 4).
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Fig. 3 Competing risk models. A: Estimated cumulative incidence curves between the all-cause mortality and other competing events for each RC/
HDL-C group. B: Estimated cumulative incidence curves between CVD mortality and other competing events for each RC/HDL-C group
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Fig. 4 Forest plots of the relationship between RC/HDL-C and all-cause mortality (A) and CVD mortality (B) in different subgroups. Note: The P1 value
corresponds to the relationship between RC/HDL-C and cardiovascular disease mortality or all-cause mortality in different subgroups. The P2 value cor-
responds to the interaction test between the RC/HDL-C and the subgroups variable of interest. HR, hazard ratio; Cl, confidence interval

Subgroup analyses

Several subgroups in this study, such as males or females,
those with or without diabetes mellitus, those with or
without hypertension, those with or without high tri-
glyceride levels, and those who are old (=60 years) or
young (<60 years), were conducted to examine relation-
ship between the RC/HDL-C ratio and cardiovascular/
all-cause mortality. Cox proportional hazards regression
with forest plot visualization was utilized to quantify
these relationships, revealing no statistically significant
interaction effects across subgroups (Fig. 4).

Discussion
This multi-center analysis revealed elevated RC/HDL-C
ratios demonstrated strong correlations with heightened
risks of all-cause and CVD mortality in CAPD patients.
Notably, combining HDL-C and RC enhanced predic-
tive accuracy for CVD mortality in the CAPD population
compared to individual biomarker assessment.
Dyslipidemia is a validated cardiovascular risk indicator
in community populations and is also prevalent among
individuals with CAPD. Compared to HD patients, the
lipid composition of CAPD patients is more atheroscle-
rotic, characterized by higher levels of TC and LDL-C,
along with a more significant increase in triglyceride lev-
els [5]. One potential explanation is that patients with
CAPD absorb a large amount of glucose from the peri-
toneal dialysis fluid, which increases insulin levels and
promotes the production and release of hepatic lipopro-
teins [22]. It has been shown that statin-mediated LDL-C
reduction lacks prognostic benefits for dialysis patients
[23]. Therefore, to better understand the true significance
of dyslipidemia in CAPD patients, a combination of the
characteristics of the lipid profile of CAPD patients and
additional confounding factors need to be considered.
RC is an unconventional lipid indicator. In general,
elevated RC levels are directly correlated with elevated
non-fasting triglyceride levels. Additionally, increased

triglyceride levels are excellent indicators of enhanced
RC and are a solid predictor of a greater risk of cardio-
vascular disease [24]. However, given that most body
cells can easily metabolize triglycerides, it is doubtful
that triglycerides alone cause CVD. Instead, it appears
more likely that RC is the catalyst for the progression
of atherosclerosis [8, 24, 25]. Emerging evidence dem-
onstrates significant associations between elevated RC
concentrations and adverse cardiovascular outcomes in
diabetic populations [26]. This relationship extends to
peritoneal dialysis recipients, where heightened RC lev-
els correlate with increased mortality risks [13]. Notably,
an investigation involving 5,414 participants revealed
that elevated RC concentrations independently pre-
dict mortality among patients with ischemic heart dis-
ease [20]. Noncardiovascular conditions like cancer and
inflammatory disorders that are linked to higher mortal-
ity rates have also been linked to RC [27-29]. It is pos-
sible that RC can penetrate the artery wall’s intima and
become stuck there, causing inflammation and vascular
injury [7, 30]. Nevertheless, elevated RC levels demon-
strate associations with systemic low-grade inflamma-
tory states, in contrast to elevated LDL-C levels [21]. In
addition to causing inflammation, RC may also increase
the likelihood of a poor prognosis by interfering with
endothelium function, altering the connections between
monocytes and endothelial cells, as well as encourag-
ing the production of foam cells [8, 31, 32]. A worldwide
standard for the precise safe range of RC is not avail-
able. A postprandial RC of >0.9 mmol/L or a fasting RC
of 0.8 mmol/L, according to some pertinent studies, is
regarded as a high RC range [33]. To create a uniform
clinical standard, more investigations are needed. Owing
to its strong anti-inflammatory, antioxidant, and throm-
bogenic effects, HDL-C is typically regarded as “good”
cholesterol [34]. According to a recent observational and
Mendelian randomization study [35], reduced HDL-C
levels could be a direct cause for elevated CVD risk.
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Reduced HDL-C concentrations in plasma have been
established as an independent predictor for progression
to advanced CKD (stages 4—5). HDL-C has been recog-
nized as a lipid parameter that impacts CKD progres-
sion [15]. Renal disease affects HDL-C composition and
function, which may contribute to the loss of its athero-
protective properties. Thus, this study did not find a rela-
tionship between HDL-C and CVD or all-cause mortality
in CAPD patients [36].

When considered collectively, RC is a lipid marker
linked to low-grade systemic inflammation and athero-
sclerosis progression. A reduced HDL-C level is linked to
many risk factors and is an atheroprotective lipoprotein.
The prognosis of CAPD patients may be more accurately
predicted by the combined assessment of RC and HDL-
C. Through thorough multivariable adjustment, this
multicenter cohort study examined 2,006 CAPD cases to
confirm the RC/HDL-C ratio’s predictive ability for mor-
tality risk. The findings demonstrated that this new bio-
marker can independently predict death from all causes
and CVD.

A recent study of 615 patients undergoing coronary
angiography identified a relationship between serum RC/
HDL-C ratios and both advancement and seriousness of
coronary artery disease [37]. Furthermore, analysis of 658
ischemic stroke survivors demonstrated the RC/HDL-C
ratio’s better predictive capacity for cerebral atheroscle-
rotic stenosis compared to isolated lipid parameters [16].
Moreover, an analysis of studies has shown that the RC/
HDL-C ratio acts as a valuable indicator for NAFLD and
diabetes complications. When diagnosing NAFLD, the
conjunction of RC and HDL-C performs noticeably bet-
ter than traditional lipid indicators [17, 18]. Our results
show that RC/HDL-C has greater prognostic value for
cardiovascular death than RC or HDL-C alone, and it
predicts both all-cause and CVD mortality in the CAPD
group.

How RC/HDL-C predicts mortality in CAPD patients
remains unknown. The following are potential mecha-
nisms. First, the RC/HDL-C ratio represents a composite
indicator reflecting either elevated RC levels, diminished
HDL-C concentrations, or concurrent dysregulation of
both lipid parameters. RC is a TG-rich lipoprotein cho-
lesterol, and plasma HDL-C concentration variations
exhibit an inverse relationship with TG levels, demon-
strating reciprocal metabolic regulation between these
lipid parameters [38]. Mechanistic studies suggest that
the decrease in HDL-C levels in the presence of choles-
terol ester transfer protein results from the interchange
of TG and cholesterol ester in TG-rich lipoproteins and
the more rapid breakdown of smaller, TG-rich HDL-C
[39, 40]. RC/HDL-C indicates how atherogenic and anti-
cardiovascular risk factors are balanced. Second, several
clinically critical poor outcomes are linked to chronic
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inflammation, a prevalent consequence in individuals
with CAPD [41]. RC has a proinflammatory effect [42]. In
this study, along with CVD mortality, inflammatory con-
ditions like pneumonia and peritonitis were prominent
contributors to patient deaths. Unlike to LDL-C, elevated
RC levels demonstrate associations with persistent low-
grade systemic inflammation [21]. According to specific
theories, RC contributes significantly to the development
of CKD using chronic inflammation, and the correlation
between RC and CKD is, in part, mediated by inflamma-
tory indicators, including increased leukocytes and high-
sensitivity CRP [43]. On the other hand, HDL-C has been
extensively demonstrated to have anti-inflammatory
qualities [44]. Finally, metabolic syndrome (MetS), which
is prevalent among CAPD patients, is linked to elevated
hazard of overall mortality in this population [45, 46].
The RC/HDL-C ratio may serve as a potential predic-
tor for CVD and all-cause mortality in CAPD patients,
potentially mediated by insulin resistance (IR), a central
factor in the development of MetS. Some studies have
proposed the TG/HDL-C ratio as an effective surrogate
biomarker for IR [47, 48]. The TG-enriched composition
of RC suggests its ratio to HDL-C may exhibit a direct
relationship with IR. However, no research has estab-
lished a link between the two. Hence, more investigations
are needed to determine whether the RC/HDL-C ratio
and IR are related.

The high-level RC/HDL-C group in this study also
had lower blood pressure and greater hemoglobin, total
Kt/V, and RRF values than the low-level group. The fol-
lowing represent some potential causes for this. Initially,
contrary to earlier research, hemoglobin was higher in
this study’s high RC/HDL-C group, where mortality was
higher [49]. Hemoglobin levels could fluctuate over the
follow-up period, which could be the cause. The patients’
hemoglobin profile is not completely represented by
their hemoglobin levels at baseline. With respect to test-
ing procedures, hypertriglyceridemia might result in
a misleading increase in hemoglobin due to increased
blood turbidity [50]. Second, a connection may exist
between the lipid profile and RRF preservation in CAPD
patients, as evidenced by the fact that RRF was greater
in this study’s high RC/HDL-C group. Additionally,
greater ACEI/ARB use in this patient population could
help protect against RRE. Nevertheless, further research
is still needed to establish causation. Furthermore, total
Kt/V comprises both renal and peritoneal Kt/V. The
high total Kt/V among patients with high RC/HDL-C
levels may have resulted from greater renal Kt/V in this
patient group due to high RRF. Research has indicated a
substantial correlation between increased systolic blood
pressure and decreased HDL-C but increased TG and RC
[51]. However, the development of hypertension is mul-
tifactorial, and the baseline values in this study did not
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exclude the effects of various medications and other fac-
tors. Thus, additional investigation will be necessary to
confirm this relationship.

This study establishes that the RC/HDL-C ratio acts as
a new prognostic biomarker for mortality risk in CAPD
patients. This biomarker facilitates mortality risk strati-
fication in peritoneal dialysis recipients and provides a
novel avenue for future research on lipid management in
the maintenance dialysis population. Clinicians should
closely monitor the lipid profile of CAPD patients, focus-
ing on more than just traditional lipids such as TG and
LDL-C. In the CAPD population, patients presenting
with high RC and low HDL-C require enhanced medi-
cal care and monitoring during follow-up and a more
personalized treatment plan. The RC/HDL-C ratio acts
as an effective and straightforward predictor of mortality
risk in this population, offering an early signal for prompt
patient intervention.

Strengths and limitations

This study’s strengths include its sizeable multicenter
sample size, high level of data completeness, and precise
covariates that enable adjustment for possible confound-
ing variables. There are a few noteworthy limitations.
First, additional prospective studies are necessary, as
this research was retrospective and could only dem-
onstrate a correlation, rather than a causal connection,
between the RC/HDL-C and adverse outcomes. Second,
this research considered only baseline data and did not
measure dynamic changes in indicators, which cannot
adequately reflect trends in blood parameters. Further-
more, this study indirectly calculates RC levels instead
of employing direct measurements of active RC. Never-
theless, indirect calculation techniques are inexpensive
and often employed in clinical and research contexts.
Owing the unavailability of data on markers represent-
ing residual cardiovascular risk, such as apolipoprotein B
and ultrasensitive C-reactive protein, these markers were
excluded from the analysis. Finally, the fact that all quali-
fying patients were from China raises the possibility that
the results cannot be applied to other ethnic populations.

Conclusions

Ultimately, this research revealed that, among CAPD
patients, a higher serum RC/HDL-C ratio independently
predicts both all-cause and CVD mortality. For individu-
als with CAPD, the RC/HDL-C ratio can be regarded as
a practical and affordable marker for determining mor-
tality. This investigation provides valuable insights into
lipid management in the maintenance dialysis popula-
tion. Monitoring the RC/HDL-C in a clinical setting may
allow early identification of mortality risk in the CAPD
population.
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