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Predictive Value of Remnant Cholesterol for Left Ventricular

Hypertrophy and Prognosis in Hypertensive Patients with Heart

Abstract

Background: Remnant cholesterol (RC) is substantially related to negative outcomes in
cardiac patients. Patients with coexisting hypertension and heart failure (HF) often develop left
ventricular hypertrophy (LVH) and have poor prognoses. This study investigated baseline RC
levels and LV remodeling and patients' prognoses.

Method: 630 consecutive individuals with hypertension and HF participated in this
prospective trial from October 2018 to August 2020. Based on left ventricular mass index (LVMI),
560 those eligible were separated into LVH and non-LVH groups. The Wects were observed for
a median of 58 months, and 104 participants met the primary endpoint. Multiple linear regression
and receiver operating chara(aristic (ROC) curves examined the RC and LV remodelling
relationship. A Cox regression analysis was conducted to examine the predictive value of RC for
clinical outcomes.

Result: There were 560 people in total, split evenly between the 320 LVH patients and the
240 non-LVH patients. Tl'mVH group presented significantly elevated values of RC, TC, and TG
and decreased of HDLC. The optimal cut-off value for RC was 0.49. The risk models involving
the two Cox models were adjusted to incorporate confounding factors. The study revealed that
those with elevated baaline levels of RC were more susceptible to cardiovascular mortality, as
shown by an elevated hazard ratio. (HR: 1.91, 95% CL: 1.62-2.26 vs. HR: 1.94, 95% CI: 1.64-
2.32,p<0.001).

Conclusion: RC is linked to LV remodelling in patients with hypertensive HF, with LVH
having greater RC values. Moreover, patients with hypertensive HF who had a higher RC suffered
from an increased risk of cardiovascular mortality.

Trial registration: NCT 03727828, 21 Oct 2018.

Keywords: remnant cholesterol (RC); hypertension; heart failure (HF); left ventricular

hypertrophy (LVH); prognosis

Introduction

Left ventricular hypertrophy (LVH) is a disorder that occurs when the left ventricle (LV) of
the heart becomes enlarged as a result of prolonged exposurnto high blood pressure. This
condition can eventually result in heart failure (HF) (1, 2). Thus, it is of the utmost importance to
swiftly identify the risk variables that produce adverse variations in the LV, and then immediately




to make the appropriate adjustments to these risk factors. However, diagnosing ventricular
remodelling with echocardiography is costly, making it crucial to identify biomarkers for LVH.

Abnormal blood lipid profiles are significant cardiovascular risk factors(3). Risks of
cardiovascular events are enhanced in correlation with greater non-HDLC and lower HDL-C
levels(4-0). RC is the kind of cholesterol neither higlﬂiensity lipoproteins nor low-density
lipoproteins carry. This includes the cholesterol linked to very low-density lipoproteins (VLDLSs)
and intermediate-density lipoproteins (IDLs) while fasting and the remnants of chylomicrons
while not fasting (7). Research has shown that RC may raise the potential hazards of
complications for HF(8). In addition, recent research has suggested that elevated RC levels may
contribute to LV remodelling (9, 10). However, these studies included few hypertensive patients
and lacked comprehensive prognostic data and subgroup analyses. The potential of RC as a
biomarker for predicting cardiac remodelling and dysfunction in hypertensive patients with HF
remains uncertain.

Therefore, the objective of the current investigation was to recruit patients with HF
concomitant with hypertension, conduct an extensive long-term follow-up, elucidate the
relationship between initial RC values and LV remodelling, and explore patient prognosis.

METHODS

Research Methodology and Participants

The study was conducted as a prospective cohort study. From October 2018 to August 2020,
all the eligible patients were admitted to the cardiac department of the Shanghai Tenth People's
Hospital. Admissions for HF with hypertension were considered if the patient was 18 or older.
Two cardiologists confirmed each patient's diagnosis following the guidelines' recommended
diagnostic criteria (11). All patients underwent echoceaiography during hospitalization, and LVH
was assessed. The criteria for LVH diagnosis were an LV mass index (LVMI) >115 g/m® in males
and >95 g/m’ in females. Anyone with secondary hypertension, acute myocardial infarction,
hypertrophic cardiomyopathy, LV assist device (LVAD) implantation, incomplete follow-up, and a
lack of cholesterol level data or echocardiographic data were excluded. There were 630 patients
enrolled, as shown in Figure . Due to insufficient blood samples or echocardiography data, 55
participants were subsequently removed from the research. Additionally, 15 patients were lost to
follow-up. Participants who fulfilled the inclusion criteria made up the cohort for this study, which
totaled 560 individuals. In accordance with the participants' previous LVMI values, the
participants were separated into two groups: those who were given LVH and those who were not
given LVH. After each patient was enrolled, written informed consent was obtained.

Echocardiographic and clinical factors

The blood samples were taken twelve hours after admission. In particular, patients had their
blood obtained from the vein in the front of the elbow after an 8-hour fast, and on the morning of
the first day after admission, they had vacuum tubes taken for measurements. The Clinical
Laboratory of the Shanghai Tenth People's Hospital conducted hematological analyses for all
patients. The time interval between the blood test and the diagnosis based on the NYHA functional
classification (NYHA) was, at most, 12 hours. Clinical, analytical, and echocardiographic data

were gathered by reviewing hospital charts.

Measurement of RC




mspective analyses were performed using RC as the independent variable.
RC = Total cholesterol - LDL-C -HDL-C.

Outcomes and follow-up

Patients received outpatient or phone calls every eight weeks after discharge. The follow-up
frequency was subsequently adjusted every six months. The primary endpoint considered was
cardiovascular death. Data on outcomes for discharged patients were collected during routine
follow-up visits.

Data analysis

The means + SDs were used to display continuous data. If variables were normally
distributed, t-tests were emloyed to compare them. Compare frequencies (n) or ratios (n/N) of
categorical data using the chi-square test. Receivers operating characteristic (ROC) curves and the
Z test were used to evaluate RC's ability to predict LVH in enrolled patients. The connection
between RC and patients' cardiac ultrasonography parameters was examined la'ng multiple linear
regression. Using univariate and multivariate Cox regression, we calculated hazard ratios (HRs)
and 95% confidence intervals (Cls) to evaluate the correlations between baseline RC levels and
time to cﬁvascu]ar mortality. Furthermore, the risk of RC occurring at the endpoint event was
described using a restricted cubic spline (RCS). The log-rank test was performed on K—M survival
curves to determine the prognosis of patients with different concentrations of RC.

By previous research and guidelines (11, 12), different models were constructed by adjusting
for various covariates for analysis. A subgroup analysis of key variables (age, sex, BMI, diabetes
status, smoking status, and whether patients developed LVH) also evaluated the effects and
potential interaction effects stratified by prespecified risk factors. P—wms below 0.05 indicated
significance. The statistical analysis used either SPSS 20.0 or the R programming language
(version 4.1.2).

RESULTS

Participant characteristics

The 560 participants were split evenly between the 320 LVH group and the 240 non-LVH
group (Table 1). In the present investigation, 66% were males. The patients' average age was
71.8+10.1 years in the LVH group and 70.7+£11.6 years in the non-LVH group. Moreover, 79% of
patients enrolled in the study resided in urban areas, whereas 21% lived in rural areas. Notably,
91% of the patients in the LVH group were urban residents. The rates of occurrence of CHD,
CKD, and diabetes mellitus were 28%, 11.7%, and 35.7%, respectively. The LVH group
demonstrated better NYHA functional class and NT-proBNP levels than the non-LVH SEBY-
However, no significant BMI, HR, or SBP changes were detected. RC baseline was 0.64+0.57
mmol/L. with higher levels observed in the LVH group for RC, TC, TG, and TyG, which were
0.82+0.68 mmol/L, 3.85+1.09 mmol/L, 1.67+1.10 mmol/L and 8.86+0.65, respectively, while
HDL-C was lower at 0.40+0.50 mmol/L. In terms of echocardiographic parameters, the LVH
group had a lower LVEF of 44.75£14.05, and other indices, including LVDD, LVDS, LVPWD,
IVS, and LAS, which were substantially higher in the LVH group. The LVMI was 134.85£27.67
g/m?2 in the LVH group and 91.94+12.51 g/m?2 in the non-LVH group. Furthermore, neither of the
two groups exhibited any significant differences in the utilisation of antihypertensive medications




(ACEIYARB/CCB), lipid-lowering (statins), antiplatelet (aspirin), antiarrhythmics (p-
blockers/ivabradine) or antidiabetic (metformin/sulfonylureas) drugs.
Table 1

Baseline RC is linked to the LV function.

Considering the pcﬂj]e correlation that exists in the initial RC and function of the LV, this
study initially assessed the accuracy of the baseline Ej in predicting the occurrence of LVH via
ROC curve analysis. Additional Figure 1 shows that the AUC was 0.8 10,th a 95% CI ranging
from 0.778 to 0.844. For the purpose of diagnosing LVH, the ideal cut-off value for RC was 0.49,
which had a sensitivity of 71.56% and a specificity of 76.67%. The correlations between the
baseline RCs and echocardiographic parameters were subsequently evaluated via multivariate
linear regressions (Table 2). Model 1, which included baseline RC, sex, age, BMI, smoking status,
and drinking status as covariates, Unveiled a robust positive linear connection between the initial
RC and LVDD, IVS, LVPWD, and LVMI (p < 0.001). Furthermore, in Model 2, TyG, GLU, and
LDLC were incorporated as covariates in addition to those in Model 1. The investigation showed
a favorable association between the initial RC, LVDD, LVPWD, and LVMI. No significant
correlation was found between RC and IVS. These data reveal a strong link between baseline RC
levels and LV function in patients.

RC and cardiovascular mortality in hypertensive HF patients

After the average follow-up of 58 months, 104 individuals (18.57%) developed
cardiovascular mortality. RC eﬁoff values for LVH prediction split patients into two ps.
Twenty patients (7.63%) were in the RC < 0.49 mmol/L group, while 84 (28.19%) werm'l the
RC = 0.49 mmol/L group. Cardiovascular mortality was higher in those with RCs = Ow mmol/L
compared to those with RCs < 0.49 mmol/L, as seen by the K—M curves (log-rank p < 0.001).
(Figure 2). A positive connection was seen between baseline RC levels and the risk of
cardiovasgalar death, as indicated by an unadjusted Cox analysis (HR: 1.86, 1.59-2.17). Model 1,
adjusted for age, sex, BMI, smoking status, fasting blood glucose, blood pressure, alcohol
consumption status, diabetes status and NT-proBNP, revealed an increased risk (HR: 1.91, 1.62—
2.26). Model 2, which was further adjusted for TyG, antihypertensive drugs (ACEI/ARB/CCB),
lipid-lowering drugs (statins), antiplatelet drugs (aspirin), antiarthythmics (p-blockers/ivabradine)
and antidiabetic drugs (metformin/sulfonylureas) in Model 1, still demonstrated a higher potential
for occurrences (HR: 1.75, 1.43-2.16) (Additional Table 1). A rise in the baseline levels of RC was
found to be related to a greater risk of mortality from cardiovascular causes. Figure 3 illustrates
RCS plots of baseline RC levels in the unadjusted model, Models 1 and 2, with HRs for
cardiovascular death.

Cardiovascular mortality and RC in subgroups

To guarantee the accuracy of the Cox analysis findings, we performed stratified analyses to
account for potential confounding factors. These subgroups were defined by covariates known to
play significant roles in the adverse prognosis of patients with hypertension combined with HF,
including age, sex, BMI, diabetes mellitus status, NYHA functional classification, and the
occurrence of LVH (Figure 4). Except for the stratifying covariates, any of these evaluations have
been adjusted to account for sex, drinking status, age, smoking status, BMI, fasting blood glucose,




cholesterol, blood pressure, NT-proBNP, TyG, antihypertensive drugs (ACEIARB/CCB), lipid-
lowering drugs (statins), antiplatelet drugs (aspirin), antiarrhythmics (B-blockers/ivabradine), and
antidiabetic drugs (metformin/sulfonylureas). The results indicated that although there were
varying risks of cardiovascular death among the different subgroups, the interaction tests revealed
no heterogeneity (p = 0.05). Therefore, this study suggested that, regardless of the subset, the risk
of cardiovascular death increases with increasing levels of RC.

Discussion

This study aimed to determine whether there was a connection between RC at baseline and
LV remodelling in hypertensive patients with HF. These data also examined the baseline RC's
cardiovascular mortality prediction. First, baseline RC levels were related to LV remodeling,
which mainly predicts LVH in hypertensive HF patients. Moreover, The results of the
investigation showed a correlation between a higher risk of cardiovascular death and greater levels
of RC. The connection was consistent across all stratified analyses, which suggests that RC
possessed a high predictive value regardless of the covariates considered.

Previous studies have demonstrated the association between conventional lipids and the LV
structure(10, 13, 14). Additionally, in patients with diabetes mellitus, RC has been shown to
exacerbate LV diastolic dysfunction(15). These results provide more evidence that RC has an
impact on the remodelling of the LV by causing negative alterations in its structure and function.
According to recent research, the development of LVH in hypertensive individuals is significantly
influenced by the triglyceride-glucose (TyG) index, which signifies insulin resistance (16, 17).
Increased TyG levels correlate with a greater risk of LVH, independent of blood pressure and
BMI. To determine whether RC is an independent predictor of LVH, we included TyG as a
covariate in our analysis. Multivariate linear regression identified a correlation between RC levels
at baseline and LV remodelling among hypertensive heart failure patients. Notably, individuals
with LV hypertrophy, who tend to exhibit higher RC levels, demonstrate a solid association. RC
calculations have been utilized in large-scale studies and have yielded reliable results. In
ischaemic heart disease, RC can accumulate in the arterial intima, forming atherosclerotic plaques
after being engulfed by immune cells and smooth muscle cells(18, 19). This accumulation
increases the risk of atherosclerosis progression and exacerbates LV remodelling. Increased
arterial stiffness is indicated by an elevated RC(20), which causes the left ventricle afterload to
rise, resulting in compensatory remodelling of the left ventricle.21). Research has also suggested
that RC may contribute to cardiac inflammation(22). The combination of these factors links RC to
LV remodelling in patients.

It has been proven in prior study that high levels of RC have a detrimental effect on the
outcomes of cardiovascular disease (23-20). A follow-up study involving 106,937 individuals in
Copenhagen over 15 years showed that patients with higher RCs had a fivefold increase in
peripheral arterial disease(27). A large clinical study in China focusing on RC and CAD combined
with diabetes mellitus demonstrated that higher RC have been related to a poorer prognosis and
impaired glucose tolerance(28). Importantly, HF and other cardiovascular problems may be more
likely to occur if there are adverse alterations to the LV (29, 30). A higher risk of unfavorable
comes corresponds to a baseline RC greater than 0.49, which was found to be connection with
an increased likelihood of developing LVH in this study.




Interestingly, a recent study shows a correlation between low admission RC levels and more
excellent mortality rates in HF patients. This finding implies that higher RC levels could sustain
the contractile activity of cardiomyocytes under HF settings by providing them with more energy
(31). This finding contradicts the results of most current studies, indicating the need for further
larger-scale clinical research to validate these findings.

In the subgroup stratification analysis, we focused on age, BMI, smoking status, NYHA
functional classification, diabetes status, and LVH status. It has been demonstrated that
sulfonylureas, particularly gliclazide, can considerably reduce LVMI in type Il diabetic patients.
Furthermore, increased LVMI and reduced diastolic function are likely to compromise glucose
tolerance. Given the high number of diabetics in our population. To ensure the study's reliability,
daily medication use in diabetic patients and TyG, a biomarker of insulin reﬂance, were included
as confounding variables. Independent of these confounding factors, the results demonstrated a
robust association between RC levels and cardiovascular risk, crediting prior research and
indicating that RC possesses substantial predictive power (32, 33). In conclusion, our research
findings reveal unique clinical evidence that supports the implementation of cholesterol control
measures in patients with hypertension and HF.

Study strengths and limitations

This study has substantial clinical importance, given the large cohort of patients with
hypertension and HF recruited and followed over an extended period. This study's results prove
that RC screening should be done more frequently and earlier to better identify patients with LV
remodelling and start treatment earlier to improve prognosis. Additionally, our study provides
novel and robust clinical evidence supporting lipid management strategies in patients with
hypertension combined with HF, even after multivariable-adjusted analyses were conducted, thus
demonstrating the importance of maintaining RC levels below 0.49 mmol/L. However, this study
has several limitations worth noting. First, since we collected clinical baseline data from
participants, there may have been changes during the follow-up period. Some studies have
conducted continuous measurements of RC(10). Therefore, we may consider conducting
continuous RC measurements for these patients in the future to ensure the reliability and accuracy
of our data. In contrast to previous studies conducted in hypertensive populations(34), our
hypertensive patient population lacked baseline data on the type of diet, physical activity, and type
of job of the patients, so it was impossible to exclude the effects of these confounding variables.

Conclusion

According to the findings of this research, RC levels were found to be associated with LV
remodelling in patients who had both hypertension and HF, with LVH having greater RC values.
Consequently, RC could serve as a predictor for the diagnosis of LVH. Furthermore, elevated
baseline RC was found to correlate with rising risk of cardiovascular death.
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