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From lipid dysbalance to
cardiorenal decompensation:
apoB/ApoAl ratio is associated
with acute cardiorenal injury In
CAD patients

Liting Pang ©, Chaoyi Wang ©, Wenjing Zhao ©, Lei Cai ®,
Changjie Yu ®, Sheng Qiu ® and Qianying Xie*

Department of Cardiology, Tiantai People’'s Hospital of Zhejiang Province, Taizhou, China

Background: Cardiovascular and renal diseases exhibit a close bidirectional
interaction, which often leads to the development of cardio-renal syndrome
(CRS)—a clinical condition in which cardiac dysfunction further aggravates
renal injury. Type | CRS is characterized by acute kidney injury secondary to
acute heart failure, and this sub-type is closely related to elevated morbidity
and mortality in patients with coronary artery disease (CAD). Despite the
availability of traditional biomarkers, there is an unmet need for more sensitive
indicators to identify high-risk patients for Type | CRS in CAD patients. The
apolipoprotein B (ApoB)/apolipoprotein Al (ApoAl) ratio has emerged as a
promising predictor of cardiovascular risk, yet its role in CRS remains unclear.
Objective: This study aimed to evaluate the association between the ApoB/
ApoAl ratio and Type | CRS in patients with CAD, and to assess its value as a
biomarker for identifying high-risk patients.

Methods: A retrospective cohort study was carried out on 269 CAD patients
complicated with heart failure who were hospitalized in our hospital from
2022 to 2024. According to the estimated glomerular filtration rate (eGFR)
results, the enrolled patients were divided into two subgroups: the simple
heart failure (SHF) group and the type | CRS group. Data on demographics,
clinical history, biochemical measurements, echocardiographic and coronary
angiography assessments, and renal function were collected. A multivariable
logistic regression model was used to assess the association between the
ApoB/ApoAl ratio and CRS, adjusting for potential confounders. Correlation
analyses were performed to explore the relationships between key variables
and the occurrence of type | CRS. A multivariable logistic regression model
was used to assess the association between the ApoB/ApoAl ratio and CRS.
Furthermore, a receiver operating characteristic (ROC) curve was constructed
to evaluate the predictive accuracy of the ApoB/ApoALl ratio for type | CRS.
Results: A total of 269 patients were enrolled. Significant differences were
observed between the simple heart failure (SHF) group and the CRS group in
terms of age, history of diabetes mellitus, levels of triglycerides (TG),
apolipoprotein Al (apo-Al), apolipoprotein B (apo-B), ApoB/ApoAl ratio, and
serum creatinine (Scr). Patients in the CRS group were older, had a higher
proportion of diabetes mellitus, higher levels of TG, apo-B, and Scr, a higher
ApoB/ApoAl ratio, but lower levels of apo-Al compared to the SHF group.
Multivariable logistic regression analysis identified age and the ApoB/ApoAl ratio
as independent risk factors for CRS. The receiver operating characteristic (ROC)
curve analysis showed that the ApoB/ApoAl ratio had a moderate level of
predictive accuracy for Type | CRS, with an area under the curve (AUC) of 0.782.
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Conclusion: The ApoB/ApoAl ratio is moderately associated with the risk of
developing Type | CRS in patients with CAD. This ratio could serve as a
clinically relevant biomarker for early identification of in-hospital Type | CRS

risk in CAD patients with acute heart failure, potentially aiding

in the

implementation of early and targeted interventions to improve patient outcomes.

KEYWORDS

ApoB/ApoALl ratio, apolipoprotein Al, apolipoprotein B, cardiorenal syndrome, coronary

artery disease

1 Introduction

Cardiovascular diseases (CVDs) and renal disorders share a
complex and bidirectional interplay, often leading to the
(CRS), a
condition where dysfunction in one organ exacerbates the

development of cardiorenal syndrome clinical
dysfunction of the other (1, 2). Cardiorenal syndrome (CRS) is
divided into five clinical subtypes according to the onset speed
and pathological mechanism of organ dysfunction, among which
Type I CRS is an acute clinical phenotype—acute heart failure
caused by acute coronary events triggers acute kidney injury,
and this subtype is the most common in CAD patients with
acute decompensation. It is associated with significant morbidity
and mortality in patients with coronary artery disease (CAD),
highlighting the need for early identification and targeted
interventions (3, 4).

CAD, a prevalent form of CVD, is frequently complicated by
CRS, which significantly worsens patient prognosis. The incidence
of type I CRS in CAD patients is substantial, and it is linked to
adverse outcomes, including increased cardiovascular events and
mortality (3). Traditional biomarkers such as B-type natriuretic
peptide (BNP) and serum creatinine have been used to assess
cardiac and renal function, respectively (5, 6). However, there is
a critical need for more specific and sensitive biomarkers to
identify the risk of type I CRS in CAD patients.

Recent research has focused on lipid-related biomarkers due
to their potential role in both atherosclerosis and renal
dysfunction. The apolipoprotein B (ApoB)/apolipoprotein Al
(ApoAl) ratio has emerged as a promising biomarker associated
with cardiovascular risk. ApoB is a key component of
atherogenic lipoproteins, while ApoAl is the primary protein
component of high-density lipoprotein (HDL), which has anti-
inflammatory and anti-atherosclerotic properties. The ApoB/
ApoAl ratio is a key index reflecting the balance between pro-
atherosclerotic and anti-atherosclerotic lipid components in the
body. Existing studies have confirmed its predictive value for
cardiovascular adverse events, but its specific correlation with
the occurrence of Type I CRS and its underlying mechanism in
CAD patients have not been clearly clarified, which is the key
research gap addressed in this study (7, 8).

This study retrospectively analyzes the clinical data of CAD
patients with acute heart failure, aiming to explore the
correlation between the admission ApoB/ApoAl ratio and the
occurrence of Type I CRS within 7 days of admission. We
that the elevated ApoB/ApoAl
independent risk factor for Type I CRS in CAD patients, which

hypothesize ratio is an

has predictive value beyond traditional clinical risk factors. By
exploring this relationship, we seek to provide new insights into
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the pathophysiological mechanisms underlying type I CRS and
to identify a potential biomarker for early risk stratification and
clinical management.

2 Methods
2.1 Study design and patient selection

This single-center retrospective clinical study was conducted
in Tiantai County People’s Hospital, and the research objects
were CAD patients hospitalized for acute heart failure from
January 2022 to December 2024. CAD was defined as the
presence of atherosclerotic lesions in one or more major
coronary arteries, confirmed by coronary angiography, with a
luminal stenosis of >50%. Patients aged 18 years or older were
considered for inclusion.

The inclusion criteria were as follows: (1) a confirmed
of CAD based on coronary angiography; (2)
admission primarily due to heart failure, defined by typical

diagnosis

symptoms (e.g., dyspnea, fatigue) and signs (e.g., pulmonary
congestion, peripheral edema) along with elevated levels of
B-type natriuretic peptide (BNP); (3) availability of complete
medical records, including laboratory test results and
treatment details.

The exclusion criteria were as follows: (1) a history of chronic
kidney disease (CKD) defined as kidney damage or a decreased
eGFR (<60 mL/min/1.73 m?) for >3 months; (2) severe liver
dysfunction (e.g., liver cirrhosis, acute liver failure); (3) presence
of malignant tumors; (4) active autoimmune diseases (e.g.,
systemic lupus erythematosus, rheumatoid arthritis); (5) severe
infections or inflammatory diseases that could affect renal
function and lipid metabolism.

Patients aged >18 years were eligible for inclusion. Given that
elderly patients (>75 years) commonly exhibit age-related decline
in eGFR, we specifically retained this population to reflect real-
world clinical practice. Age was treated as a continuous variable
in multi-variable analysis to account for its physiological impact
on renal function. The proportion of elderly patients and
sensitivity analyses are reported in the Results section.

The study strictly enrolled patients with Type I CRS, defined
as acute heart failure (triggered by CAD) leading to AKI
(eGFR < 60 mL/min/1.73 m?)

without pre-existing CKD (excluded via criterion 1). Patients

within 7 days of admission,
meeting other CRS subtypes were excluded to ensure the study
population’s specificity.

The study was approved by the Ethics Committee of Tiantai
County People’s Hospital (Approval No.: 202601081907000099513).
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In line with the Declaration of Helsinki, individual informed consent
was waived due to the retrospective design.

2.2 Data collection

Comprehensive data were collected for each patient from

electronic medical records and clinical documentation.
Demographic information included age, sex, body mass index
(BMI), and smoking status. Detailed medical history was
recorded, including history of hypertension, diabetes mellitus,
hyperlipidemia, previous myocardial infarction, and family
history of cardiovascular disease.

Blood samples were collected from each patient after an
overnight fast to measure various biochemical parameters.
Fasting venous blood samples were collected from all patients at
admission, and serum lipid indexes including triglycerides (TG)
and total cholesterol (TC) were detected by Beckman Coulter
AU5800 automatic biochemical analyzer in accordance with the
hospital’s clinical laboratory standard operating procedures (9,
10). Assays were also performed to determine the levels of
(Lp@)], (ApoAl), and
apolipoprotein B (ApoB) in serum (11). Meanwhile, serum

creatinine and brain natriuretic peptide (BNP) concentrations

lipoprotein(a) apolipoprotein Al

were quantified to respectively assess renal functional status and
cardiac stress response.

All laboratory analyses were performed in the hospital’s
clinical laboratory, which adheres to standardized operating
procedures and quality control measures to ensure the accuracy
and reliability of test results.

2.3 Echocardiographic assessment

Echocardiographic evaluation was systematically conducted in
all study participants using a contemporary Philips EPIQ-7
ultrasound platform. This non-invasive diagnostic technique
provided detailed assessments of cardiac structure and function.

Measurements included the left atrial diameter (LA),
interventricular septal end-diastolic thickness (IVSd), left
ventricular end-diastolic dimension (LVEDD), and left

ventricular end-systolic dimension (LVESD), all performed in
accordance with guidelines established by the American Society
of Echocardiography. Additionally, the left ventricular ejection
fraction (LVEF), a critical marker of systolic cardiac function,
was determined utilizing the modified Simpson’s biplane
method. This comprehensive echocardiographic data set is
integral to understanding the cardiac implications in patients
with coronary artery disease and cardiorenal syndrome (12, 13).

2.4 Coronary angiography assessment

Coronary angiography was conducted in a specialized
catheterization laboratory equipped with advanced imaging
systems, specifically utilizing the Allura Xper FD20 by Philips.
highly
independently

A minimum of two experienced interventional

cardiologists interpreted the angiograms,

meticulously evaluating the severity and nature of the lesions
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present. The left coronary artery was visualized across five to six
different projections, while the right coronary artery was
three
comprehensive evaluation of the coronary vasculature (14-16).
This thorough angiographic assessment is crucial for accurately

examined in two to distinct views, ensuring a

determining the extent of coronary artery disease, which is
essential for guiding subsequent clinical management strategies
and interventional decisions.

2.5 Assessment of renal function

Renal function was evaluated by determining the estimated
glomerular filtration rate (eGFR) using the Chronic Kidney
Disease Epidemiology Collaboration (CKD-EPI) equation, which
is widely accepted for its accuracy in estimating renal function
across different demographics. The equation is given by (17, 18):

eGFR = 141 x min(kScr, 1)7%*% x max(kScr, 1)~ ** x 0.993
x Age % % 1.018 x Sex x 1.159 x Race

where: k is a constant that varies by sex and ethnicity (0.7 for
females and 0.9 for males), Sex is 0 if female and 1 if male, Race
is 0 if white and 1 if black)

Patients were stratified into two groups based on their eGFR
values: those with eGFR less than 60 mL/min/1.73 m*> were
classified into the cardiorenal syndrome (CRS) group, and those
with eGFR equal to or greater than 60 mL/min/1.73 m> were
placed in the simple heart failure group (SHF group). This
categorization is essential for understanding the renal status of
patients and for guiding clinical management and treatment
strategies.

2.6 Statistical analysis

Statistical computations were all completed using the IBM
SPSS Statistics software (Version 21.0). For continuous variables,
the mean + standard deviation (SD) was used for description,
and one-way ANOVA was adopted as the parametric test
method, with LSD post hoc test conducted for further intergroup
comparisons. Non-parametric data were depicted as median
(interquartile range) and compared by the Kruskal-Wallis test.
Categorical variables were summarized as n (%) and analyzed
with chi-square test or Fisher’s exact test in accordance with
relevant statistical criteria. Multivariable logistic regression
analysis was carried out to assess the association between ApoB/
ApoAl ratio and CRS development, with potential confounding
variables incorporated as covariates for adjustment. A two-tailed
P value of less than 0.05 was regarded as indicative of a
statistically significant difference.

Sample Size Calculation: Based on the primary objective of
evaluating the ApoB/ApoAl ratio’s identify the risk for Type
I CRS, we estimated the sample size using logistic regression
formula. Referring to previous literature, the incidence of Type
I CRS in CAD patients with heart failure is 40%-60%.
Assuming a moderate effect size (OR = 1.5), type I error of 0.05,
power of 80%, and adjustment for up to 5 covariates, a
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minimum of 240 patients was required. Our final sample of 269
patients ensured adequate statistical power. Additionally, the
ratio of CRS cases (n=159) to predictor variables (6) was 26.5:1,
exceeding the recommended 10:1 for logistic regression model
stability.

Additionally, minor missing data was present in 3 key
indicators [TG: 1 case, Lp(a): 2 cases, LA: 1 case] with an
overall missing rate of 0.7%. Given the random nature of
missingness, multiple imputation (MI) with 5 imputed datasets
was applied to handle missing values. The imputation model
incorporated covariates including age, diabetes mellitus, and
serum creatinine to minimize bias. Statistical analyses were
performed on the combined imputed datasets, and consistency
between imputed and observed data distributions was verified to
ensure reliability.

3 Results
3.1 Patient selection and flow

During the study period from January 2022 to December
2024, a total of 586 patients with CAD and heart failure were
admitted to TianTai Country People’s Hospital. After applying
the exclusion criteria sequentially, 317 patients were excluded,
leaving 269 patients for the final analysis. The detailed screening
process is shown in Figure 1.

3.2 Among the total 269 enrolled patients,
key indicators exhibited reliable
distribution profiles

Demographic (age, BMI), core biochemical (apo-B, apo-Al,
ApoB/ApoAl ratio, Scr), and echocardiographic (LVEF, LA,

10.3389/fcvm.2026.1754713

LVEDD) parameters were normally distributed with no extreme
outliers. Triglycerides (TG) showed a mild skewed distribution
[median (IQR): 1.18 (0.75, 1.32) mmol/L], which met statistical
test requirements after appropriate processing. As detailed in
Table 1, age, diabetes mellitus, TG, apo-Al, apo-B, ApoB/
ApoALl ratio, and Scr differed significantly between the SHF and
CRS groups (all P<0.05), while other indicators showed no
statistical differences (all P> 0.05).

Among the total cohort, 142 patients (52.8%) were aged >75
years, with 45 (40.9%) in the SHF group and 97 (61.0%) in the
CRS group (P<0.001). To ensure our findings were not driven
solely by this elderly subgroup, we performed a sensitivity
analysis excluding patients >75 years, which confirmed that the
ApoB/ApoAl ratio remained an independent predictor of CRS
(OR =1.423, 95% CI: 1.198-1.815, P=0.032).

3.3 Medication use comparison

Table 2 illustrates the comparison of medication use
between the SHF group and the CRS group. In terms of
antiplatelet drugs, the usage rates of aspirin, indobufen,
clopidogrel, and ticagrelor showed no significant differences
between the two groups (all P>0.05). For beta-blockers, the
differences in the usage of metoprolol and bisoprolol between
the groups were not statistically significant (both P >0.05). In
the category of lipid-lowering drugs, the use of statins and
fibrates did not differ significantly between the SHF and CRS
groups (P=0.294 and P=0.115, respectively). Regarding
RAAS inhibitors, the usage of ACEIs, ARBs, and ARNIs also
showed no significant differences between the two groups (all
P>0.05). Similarly, the use of diuretics and MRAs did not
present any statistically significant differences between the
SHFE group and the CRS group (P=0.120 and P=0.072,
respectively).

CAD + Heart Failure patients
admitted (n=586)

Final cohort included (n=269)

FIGURE 1
Patient selection flowchart.

Excluded: Chronic kidney disease (n=168)

Excluded: Severe liver dysfunction (n=32)

Excluded: Malignant tumors (n=28)

Excluded: Active autoimmune diseases (n=19)

Excluded: Severe infections/inflammatory diseases (n=41)
Excluded: Incomplete medical records (n=29)

Cardiorenal syndrome group

Simple heart failure group
(n=110)

(n=159)
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TABLE 1 Comparison of clinical characteristics of patients.

Simple cardiorenal
heart syndrome
failure group (CRS)
group(SHF) (n =159)
(n=110)
Demographic Characteristics
Gender (Male, %) 58 (52.7%) 91 (57.2%) 0.226
Age (years) 68.5+12.2 75.7+9.2 0.026
BMI (kg/m?) 23.9£3.2 23.6£2.7 0.122
Underlying Diseases
Hypertension 61 (55.5) 94 (59.1) 0.114
(n, %)
Diabetes Mellitus 32 (29.1) 67 (42.1) 0.006
(n, %)
History of 14 (12.7) 35 (22.0) 0.052
myocardial infarction
(n, %)
Biochemical Indicators
TG (mmol/L) 0.94 (0.63, 1.05) 1.36 (0.82, 1.58) 0.026
TC (mmol/L) 423+1.17 436+ 1.06 0.075
HDL-C (mmol/L) 1.17 £0.40 1.25+0.37 0.093
LDL-C (mmol/L) | 2.34 (1.78, 2.80) 2.41 (1.79, 2.97) 0.077
apo-Al (mmol/L) 1.22 (0.94, 1.36) 1.06 (0.79, 1.13) 0.000
apo-B (mmol/L) 0.69 (0.51,0.97) | 0.76 (0. 57,1. 04) 0.003
ApoB/ApoAl 0. 62£0.19 0.75+0.21 0.000
Ratio
Scr (pmol/L) 67.9£19.8 103.0+21.5 0.000
BNP (ng/mL) 573.8 (371.4, 652.7 (355.9, 1,052.7) 0.226
944.6)
Echocardiographic
LVEF (%) 47.1£15.0 49.1%12.5 0.219
LA (mm) 40.0£9.6 40.1£9.5 0.917
IVSd (mm) 104+ 1.75 104+2.1 0.212
LVESD (mm) 36.5+8.3 343+103 0.448
LVEED (mm) 527+78 51.9+7.3 0.173

TG, triglycerides; TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-
C, low-density lipoprotein cholesterol; apo-A1, apolipoprotein A-I; apo-B, apolipoprotein B;
Scr, serum creatinine; BNP, B-type natriuretic peptide.

3.4 Correlation analysis and visualization

To further elucidate the relationships between key variables
and the occurrence of type I cardiorenal syndrome (CRS),
correlation analyses were performed, and the results were
visualized through scatter plots with trend lines. According to
conventional standards, the observed correlations are classified
as moderate (r=0.428-0.565), with all P-values <0.01 indicating
statistical significance.

Figure 2 presents a scatter plot correlating the ApoB/ApoAl
ratio against serum creatinine concentrations. The data points
are distributed along a trend line that slopes upward (r=0.565,
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TABLE 2 Comparison of medication use of patients.

cardiorenal P Value
syndrome group

(CRS) (n=159)

Simple heart
failure group

(SHF)
(n=110)

Antiplatelet drugs

Aspirin 92 (83.6) 125 (78.6) 0.165

Indobufen 9 (8.18) 20 (12.6) 0.063

Clopidogrel 12 (10.9) 18 (11.3) 0.528

Ticagrelor 17 (15.5) 19 (11.9) 0.169
Beta-blockers

Metoprolol 47 (42.7) 55 (34.6) 0.102

Bisoprolol 24 (21.8) 47 (29.6) 0.061
Lipid-lowering drugs

Statins 102 (93.6) 152 (96.1) 0.294

Fibrates 17 (15.5) 32 (20.1) 0.115

Ezetimibe 13 (11.8) 22 (13.8) 0.442
RAAS inhibitors

ACEI 35 (31.8) 57 (35.8) 0.176

ARB 16 (14.5) 15 (9.43) 0.093

ARNI 37 (33.6) 57 (35.8) 0.154
Diuretics 85 (77.2) 132 (83.0) 0.120
MRA 35 (31.8) 64 (40.2) 0.072

ACEI angiotensin-converting enzyme inhibitors; ARB, angiotensin receptor blockers;
ARNI, angiotensin-neprilysin inhibitors; MRA, mineralocorticoid receptor antagonist.

3 r=0.5650
> 150; «*  p=<0.0001
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FIGURE 2
Scatter plot of ApoB/ApoAl ratio vs. serum creatinine.

P<0.001), indicating a positive moderate association. This
relationship underscores the ApoB/ApoAl ratio as a potential
indicator of renal impairment, where elevated ratios correspond
with increased creatinine levels, a marker of decreased eGFR.

In Figure 3, we observe a scatter plot detailing the relationship
between serum ApoB concentrations and serum creatinine. The
data points align closely with a positive moderate correlation
coefficient (r=0.428, P=0.002), suggesting that increased ApoB
levels are predictive of higher creatinine levels.
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Scatter plot of Apo-B vs. serum creatinine.
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FIGURE 4

Scatter plot of ApoAl vs. serum creatinine.

Figure 4 illustrates a contrasting scenario with a scatter plot
depicting an inverse moderate correlation between ApoAl levels
and serum creatinine (r=-0.4891, P<0.001). The descending
trend line indicates that higher ApoA1l levels are associated with
lower creatinine levels, suggesting a protective effect against
renal decline.

3.5 Multivariable logistic regression analysis
of cardiorenal syndrome

Multivariable logistic regression analysis was conducted to
assess the independent association between the ApoB/ApoAl
ratio and the occurrence of CRS. Covariates included in the
model were age, gender, body mass index (BMI), history of
diabetes mellitus, history of hypertension, and triglyceride (TG)
levels—variables selected based on their clinical relevance to
lipid metabolism and cardiorenal function, as well as potential
confounding effects.

Table 3 present the findings from a multivariable logistic
regression analysis evaluating the predictive factors associated
with the development of cardiorenal syndrome (CRS) in patients
with coronary artery disease (CAD). The analysis identified
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TABLE 3 Multivariable logistic regression analysis of cardiorenal syndrome (CRS).

OR value P-value
(95% ClI)
Age 0.124 | 0017 | 1.584 (0.955-1.913) 0.006
DM 0590 | 0305 | 1.164 (0.892-1.380) 0.053
TG 0441 | 0233 | 1254 (0.884-1.453) 0.079
ApoB/ ApoAl Ratio |  0.020 | 0.006 | 1.470 (1.269-1.892) 0.027

DM, diabetes mellitus; TG, triglycerides.

several significant predictors of CRS, including age, diabetes
mellitus (DM), triglycerides (TG), and the ApoB/ApoAl ratio.
Notably, age (OR=1.584, 95% CI: 0.955-1.913, P=0.006) and
the ApoB/ApoAl ratio (OR=1.470, 95% CI. 1.269-1.892,
P=0.027) emerged as independent risk factors for CRS.

3.6 ROC curve for predicting type
| cardiorenal syndrome using the
ApoB/ApoALl ratio

The receiver operating characteristic (ROC) curve was
constructed with the ApoB/ApoAl ratio as the primary variable,
incorporating the same covariates to validate the ratio’s
independent accuracy in identifying Type I CRS.

This Figure 5 illustrates the receiver operating characteristic
(ROC) curve constructed using the ApoB/ApoAl ratio as a
predictor for Type I cardiorenal syndrome (CRS). The area
under the curve (AUC) is 0.782, with a 95% confidence interval
ranging from 0.718 to 0.847, indicating a moderate level of
predictive accuracy for the model.

4 Discussion

Our study provides novel insights into the association between
the ApoB/ApoAl ratio (measured at admission) and the risk of
developing Type I CRS (within 7 days of admission) in CAD
patients with acute heart failure. The findings indicate that an
elevated ApoB/ApoAl ratio is significantly associated with an
increased risk of CRS, aligning with our initial hypothesis.

This study found that the ApoB/ApoAl ratio of the Type
I CRS group was significantly higher than that of the SHF group
(0.75+0.21 vs. 0.62£0.19, P<0.001), and multivariate logistic
regression analysis confirmed it as an independent risk factor
(OR=1.470, 95% CI: 1.269-1.892, P=0.027), which indicates
that the elevated ApoB/ApoAl ratio is closely related to the
occurrence of Type I CRS in CAD patients and is an
independent predictive index. The ApoB/ApoAl ratio, reflecting
the balance between atherogenic and anti-atherogenic lipid
fractions, may serve as a marker of systemic inflammation and
endothelial dysfunction, both of which are implicated in the
development of CRS (19, 20). The ApoB/ApoAl ratio could also
indicate a pro-thrombotic state, which is known to contribute to
the progression of atherosclerosis and renal impairment (21).

The biological significance of the ApoB/ApoAl ratio as a
predictive factor for cardiorenal syndrome (CRS) is multifaceted.
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Apolipoprotein B (ApoB) is a major component of low-density
lipoprotein (LDL) particles and is closely associated with
endothelial dysfunction and inflammation, both of which are
key elements in the pathogenesis of atherosclerosis and renal
disease. Elevated ApoB levels lead to increased LDL cholesterol,
which in turn promotes the formation of atherosclerotic
plaques, induces endothelial dysfunction, reduces blood flow,
and increases the risk of cardiovascular events. Moreover, a
correlation between ApoB
inflammatory markers, indicating a direct link between ApoB

positive exists levels and
and systemic inflammation. Inflammation can further exacerbate
endothelial dysfunction and promote renal injury (22, 23).

Conversely, apolipoprotein A1 (ApoA1l) is a major component
of high-density lipoprotein (HDL) particles and possesses anti-
inflammatory and anti-atherosclerotic properties. ApoAl is
involved in reverse cholesterol transport, moving cholesterol
from peripheral tissues back to the liver for excretion. This
process reduces cholesterol accumulation in arterial walls and
lowers the risk of atherosclerosis. Additionally, the anti-
inflammatory effects of ApoAl can protect against endothelial
dysfunction and renal damage (24, 25).

The ApoB/ApoAl ratio reflects the balance between pro-
atherogenic and anti-atherogenic lipid fractions. An elevated
ratio indicates a shift toward a pro-atherogenic lipid profile,
characterized by increased LDL and decreased HDL levels. This
may endothelial ~ dysfunction and
inflammatory responses, thereby promoting the development of

imbalance exacerbate
atherosclerosis and renal disease. In the pathophysiology of
cardiorenal syndrome (CRS), where dysfunction in one organ
(heart or kidney) can exacerbate the other, an elevated ApoB/
ApoAl ratio may serve as a biomarker for increased risk of
CRS. It suggests that patients are at a higher risk of
cardiovascular and renal complications and are more susceptible
to developing CRS (26). In summary, the ApoB/ApoAl ratio
integrates the interplay between pro-atherogenic and anti-
atherogenic lipid fractions and is significant for endothelial
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function, inflammation, and overall cardiovascular and
renal health.

The association of age with CRS risk underscores the
importance of age as a risk factor in cardiovascular and renal
health. The increased risk with age could be attributed to age-
related changes in vascular structure and function, as well as
cumulative exposure to risk factors over time. Diabetes
mellitus was found to be associated with CRS, highlighting the
impact of glycemic control on both cardiovascular and renal
health (27, 28).

The correlation between the ApoB/ApoAl ratio and
cardiovascular disease (CVD) risk has been the subject of
extensive  investigation in  prior research. Large-scale
cardiovascular  epidemiological ~ cohorts, including  the
INTERHEART and AMORIS studies, have both demonstrated
that an elevated ApoB/ApoAl ratio correlates with a higher
incidence of cardiovascular events (29, 30). However, research
into this specific ratio’s association with Type I cardiorenal
syndrome remains remarkably limited. In comparison, the
present study focuses explicitly on this under-investigated
relationship and yields novel exploratory insights into the field.

The strengths of this study are multifold. Firstly, it offers a
comprehensive evaluation of the predictive value of the ApoB/
ApoAl CAD and CRS, which is
unexplored. The study’s middle sample size of 269 patients

provides a solid foundation for robust analysis. Secondly, the

ratio for relatively

data collection was extensive, covering a broad spectrum of
biochemical and
This

enhances the reliability of our findings. Lastly, the application

characteristics,
echocardiographic ~ parameters.

clinical measurements,

comprehensiveness

of multivariable logistic regression analysis allowed us to
adjust for potential confounders, thereby strengthening the
validity of our conclusions.

Despite these strengths, our study is not without limitations.
A key limitation of this research is its retrospective study design,
which inherently introduces inherent biases and may thereby
affect the valid causal interpretation of the study outcomes.
Additionally, this single-center study means our findings may
not be generalizable to other demographic groups or
healthcare systems. Selection bias remains a potential issue
because the study cohort was drawn from a specific hospital,
and thus may not be representative of CAD patients in the
general clinical setting.  Furthermore, while several
confounding factors were considered and adjusted for in our
analysis, residual confounding due to unmeasured or
unrecorded variables could still exert an influence on the
associations we observed.

Moving forward, prospective research is urgently needed to
further verify the predictive value of the ApoB/ApoAl ratio for
CRS. For example, it is critical to explore whether the
amelioration of lipid profiles achieved with commonly used
lipid-lowering agents—including PCSK-9 inhibitors and
inclisiran—can mitigate or even reverse the development of
cardiorenal syndrome. Multicenter investigations should also
be undertaken in future studies to verify the generalizability of
our findings across different patient populations and clinical
settings. Longitudinal research would help clarify the dynamic
temporal association between the ApoB/ApoAl ratio and the

onset and progression of CRS. Moreover, investigating the
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underlying molecular and pathophysiological mechanisms by
which the ApoB/ApoAl ratio modulates CRS risk may
identify novel therapeutic targets. Such investigations could
focus on the roles of systemic inflammation, vascular
endothelial function, and other relevant pathophysiological

processes in the pathogenesis of CRS.

5 Conclusion

This study has provided compelling evidence that the ApoB/
ApoAl ratio is moderately associated with the risk of developing
Type I cardiorenal syndrome (CRS) in patients with coronary
artery disease (CAD). Our findings reveal that patients with
CAD who exhibit higher ApoB/ApoAl ratios are at a greater
risk of experiencing CRS, a condition characterized by kidney
injury following heart failure exacerbations. This association
underscores the potential of the ApoB/ApoAl ratio as a
clinically relevant biomarker that could aid in the early
identification of patients at elevated risk for CRS.

The implications of these findings are substantial, as they offer
a novel perspective on the pathophysiological mechanisms
underlying CRS and suggest a potential target for therapeutic
intervention. By identifying patients with CAD who are more
likely to develop CRS, clinicians can implement early and
targeted interventions aimed at mitigating the progression of
this syndrome. This could potentially lead to improved patient
outcomes by preventing or delaying the onset of CRS and its
associated complications.

In conclusion, our study has not only confirmed the
association between the ApoB/ApoAl ratio and CRS risk but
has also highlighted its importance in the clinical management
of CAD patients. Future research should focus on validating
these findings in prospective studies and exploring the utility of
the ApoB/ApoAl ratio as a predictive tool in clinical practice.
This could ultimately lead to more personalized and effective
strategies for the prevention and management of CRS in
patients with CAD.

Data availability statement

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and
accession number(s) can be found in the article/Supplementary
Material.

Ethics statement

The studies involving humans were approved by Ethics
Committee of Tiantai County People’s Hospital, Zhejiang
Province. The studies were conducted in accordance with the
local legislation and institutional requirements. The participants
provided their written informed consent to participate in
this study.

Frontiers in Cardiovascular Medicine

10.3389/fcvm.2026.1754713

Author contributions

LP: Conceptualization, Resources, Writing — original draft.
CW: Data curation, Formal analysis, Writing - review & editing.
WZ: Investigation, Software, Supervision, Writing - review &
editing. LC: Conceptualization, Formal analysis, Writing -
review & editing. CY: Formal analysis, Methodology, Writing -
review & editing. SQ: Investigation, Methodology, Writing —
review & editing. QX: Data curation, Investigation, Validation,
Writing - original draft, Writing - review & editing.

Funding

The author(s) declared that financial support was not received
for this work and/or its publication.

Acknowledgments

The authors would like to express their sincere gratitude to all
participants and staff involved in this study. Chaoyi Wang
contributed to data collection and analysis. Qianyin Xie, the
corresponding author, provided guidance on study design and
manuscript revision. Lei Cai assisted with data analysis and
interpretation. Shen Qiu contributed to the clinical assessment
of patients. We also thank the medical staff at Tiantai Country
People’s Hospital for their support during the study.

Conflict of interest

The author(s) declared that this work was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Generative Al statement

The author(s) declared that generative Al was not used in the
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of
artificial intelligence and reasonable efforts have been made to
ensure accuracy, including review by the authors wherever
possible. If you identify any issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

frontiersin.org


https://doi.org/10.3389/fcvm.2026.1754713

Pang et al.

References

1. Balint I, Vuak J, Bagi¢-Markovi¢ N, Klari¢ D, Saki¢ VA. [Pathophysiology of the
cardiorenal syndrome]. Acta Med Croatica. (2016) 70(4-5):325-31.

2. Fu Q, Cao L, Li H, Wang B, Li Z. Cardiorenal syndrome: pathophysiological
mechanism, preclinical models, novel contributors and potential therapies. Chin
Med ] (Engl). (2014) 127(16):3011-8. doi: 10.3760/cma.j.issn.0366-6999.20140215

3. Di Lullo L, Bellasi AA, Barbera VV, Russo D, Russo L, Di Iorio B, et al.
Pathophysiology of the cardio-renal syndromes types 1-5: an uptodate. Indian
Heart ]. (2017) 69(2):255-65. doi: 10.1016/j.ihj.2017.01.005

4. Kumar U, Wettersten N, Garimella PS. Cardiorenal syndrome: pathophysiology.
Cardiol Clin. (2019) 3:251-65. doi: 10.1016/j.cc1.2019.04.001

5. Stefanou E, Tountas C, Ioannidis E, Kole C. Biomarkers in cardiorenal syndrome, a
potential use in precision medicine. J Nephrol. (2024) 378:2127-38. doi: 10.1007/
540620-024-02047-x

6. Chung EYM, Trinh K, Li J, Hahn SH, Endre ZH, Rogers NM, et al. Biomarkers in
cardiorenal syndrome and potential insights into novel therapeutics. Front Cardiovasc
Med. (2022) 9:868658. doi: 10.3389/fcvm.2022.868658

7. Sniderman AD, Faraj M. Apolipoprotein B, apolipoprotein A-I, insulin resistance
and the metabolic syndrome. Curr Opin Lipidol. (2007) 18(6):633-7. doi: 10.1097/
MOL.0b013e3282{0dd33

8. Lu M, Lu Q, Zhang Y, Tian G. Apob/apoAl is an effective predictor of coronary
heart disease risk in overweight and obesity. J Biomed Res. (2011) 25(4):266-73.
doi: 10.1016/S1674-8301(11)60036-5

9. Zhou A, Hypponen E. Habitual coffee intake and plasma lipid profile: evidence
from UK Biobank. Clin Nutr. (2021) 40(6):4404-13. doi: 10.1016/j.clnu.2020.12.042

10. Anastasius M, Luquain-Costaz C, Kockx M, Kritharides L. A critical appraisal of
the measurement of serum ‘cholesterol efflux capacity’ and its use as surrogate
marker of risk of cardiovascular disease. Biochim Biophys Acta Mol Cell Biol Lipids.
(2018) 1863(10):1257-73. doi: 10.1016/j.bbalip.2018.08.002

11. Heydari M, Rezayi M, Ruscica M, Jpamialahamdi T, Johnston TP, Sahebkar A.
The ins and outs of lipoprotein(a) assay methods. Arch Med Sci Atheroscler Dis.
(2023) 8:e128-€39. doi: 10.5114/amsad/176653

12. Ehler D, Carney DK, Dempsey AL, Rigling R, Kraft C, Witt S, et al. Guidelines for
cardiac sonographer education: recommendations of the American society of
echocardiography sonographer training and education committee. ] Am Soc
Echocardiogr. (2001) 14(1):77-84. doi: 10.1067/mje.2001.109922

13. Bulbul Z, Bitar F, Tamim H, Issa Z, Siblini G, Di-Salvo G. Measurement of left
ventricular dimensions and ejection fraction in neonates by three-dimensional
echocardiography: a comparative study between philips QLAB and TOMTEC
software-are the values interchangeable?. Pediatr Cardiol. (2021) 5:1111-8. doi: 10.
1007/s00246-021-02588-z

14. Avram R, Olgin JE, Ahmed Z, Verreault-Julien L, Wan A, Barrios J, et al. CathAlL:
fully automated coronary angiography interpretation and stenosis estimation. NPJ
Digit Med. (2023) 6(1):142. doi: 10.1038/s41746-023-00880-1

15. Mostafa A, Ghanem AM, El-Shatoury M, Basha T. Improved centerline extraction
in fully automated coronary ostium localization and centerline extraction framework
using deep learning. Annu Int Conf IEEE Eng Med Biol Soc. (2021) 2021:3846-9.
doi: 10.1109/EMBC46164.2021.9629655

16. Nakanishi R, Sankaran S, Grady L, Malpeso ], Yousfi R, Osawa K, et al.
Automated estimation of image quality for coronary computed tomographic

Frontiers in Cardiovascular Medicine

09

10.3389/fcvm.2026.1754713

angiography using machine learning. Eur Radiol. (2018) 28(9):4018-26. doi: 10.
1007/s00330-018-5348-8

17. Lyas C, Zuber K, Davis J. Reevaluating race and the glomerular filtration rate
calculator. ] Am Acad Physician Assist. (2021) 34(12):59-61. doi: 10.1097/01.JAA.
0000800284.39341.3b

18. Seiberth S, Terstegen T, Strobach D, Czock D. Accuracy of freely available online
GFR calculators using the CKD-EPI equation. Eur ] Clin Pharmacol. (2020)
10:1465-70. doi: 10.1007/500228-020-02932-x

19. Reyes-Soffer G, Ginsberg HN, Berglund L, Duell PB, Heffron SP, Kamstrup PR,
et al. Lipoprotein(a): a genetically determined, causal, and prevalent risk factor for
atherosclerotic cardiovascular disease: a scientific statement from the American
heart association. Arterioscler Thromb Vasc Biol. (2022) 42(1):e48-60. doi: 10.1161/
ATV.0000000000000147

20. Reyes-Soffer G, Westerterp M. Beyond lipoprotein(a) plasma measurements:
lipoprotein(a) and inflammation. Pharmacol Res. (2021) 169:105689. doi: 10.1016/].
phrs.2021.105689

21. Nurtazina A, Kozhakhmetova D, Dautov D, Shakhanova A, Chattu VK.
Apolipoprotein B/Al ratio as a diagnostic alternative to triglycerides and HDL-
cholesterol for the prediction of metabolic syndrome among hypertensives in
Kazakhstan. Diagnostics (Basel). (2020) 10(8):510. doi: 10.3390/diagnostics10080510

22. Sniderman AD, Thanassoulis G, Glavinovic T, Navar AM, Pencina M, Catapano
A, et al. Apolipoprotein B particles and cardiovascular disease: a narrative review.
JAMA cardiology. (2019) 4(12):1287-95. doi: 10.1001/jamacardio.2019.3780

23. Zulbeari L, Cakalaroski K, Gruev T, Arsova V, Zulbeari E. Lipid profile and
concentration of ApoA-1 and ApoB-100 in patients with end-stage renal disease
treated by repeated haemodialysis. Prilozi. (2008) 29(1):141-52.

24. Amjadi F, Aflatoonian R, Javanmard SH, Saifi B, Ashrafi M, Mehdizadeh M.
Apolipoprotein Al as a novel anti-implantation biomarker in polycystic ovary
syndrome: a case-control study. J Res Med Sci. (2015) 20(11):1039-45. doi: 10.
4103/1735-1995.172813

25. Reddy ST, Navab M, Anantharamaiah GM, Fogelman AM. Apolipoprotein A-I
mimetics. Curr Opin  Lipidol. (2014) 25(4):304-8. doi: 10.1097/MOL.
0000000000000092

26. Raina R, Nair N, Chakraborty R, Nemer L, Dasgupta R, Varian K. An update on
the pathophysiology and treatment of cardiorenal syndrome. Cardiol Res. (2020)
2:76-88. doi: 10.14740/cr955

27. Karnib HH, Ziyadeh FN. The cardiorenal syndrome in diabetes mellitus. Diabetes
Res Clin Pract. (2010) 89(3):201-8. doi: 10.1016/j.diabres.2010.05.022

28. Maisons V, Halimi JM, Fauchier G, de Fréminville JB, Goin N, Gueguen ], et al.
Type 2 diabetes and cardiorenal syndromes. A nationwide French hospital cohort
study. Diabetes Metab. (2023) 49(3):101441. doi: 10.1016/j.diabet.2023.101441

29. Walldius G, de Faire U, Alfredsson L, Leander K, Westerholm P, Malmstrom H,
et al. Long-term risk of a major cardiovascular event by apoB, apoA-1, and the apoB/
apoA-1 ratio-experience from the Swedish AMORIS cohort: a cohort study. PLoS
Med. (2021) 18(12):e1003853. doi: 10.1371/journal.pmed.1003853

30. McQueen MJ, Hawken S, Wang X, Ounpuu S, Sniderman A, Probstfield J, et al.
Lipids, lipoproteins, and apolipoproteins as risk markers of myocardial infarction in
52 countries (the INTERHEART study): a case-control study. Lancet. (2008)
372(9634):224-33. doi: 10.1016/S0140-6736(08)61076-4

frontiersin.org


https://doi.org/10.3760/cma.j.issn.0366-6999.20140215
https://doi.org/10.1016/j.ihj.2017.01.005
https://doi.org/10.1016/j.ccl.2019.04.001
https://doi.org/10.1007/s40620-024-02047-x
https://doi.org/10.1007/s40620-024-02047-x
https://doi.org/10.3389/fcvm.2022.868658
https://doi.org/10.1097/MOL.0b013e3282f0dd33
https://doi.org/10.1097/MOL.0b013e3282f0dd33
https://doi.org/10.1016/S1674-8301(11)60036-5
https://doi.org/10.1016/j.clnu.2020.12.042
https://doi.org/10.1016/j.bbalip.2018.08.002
https://doi.org/10.5114/amsad/176653
https://doi.org/10.1067/mje.2001.109922
https://doi.org/10.1007/s00246-021-02588-z
https://doi.org/10.1007/s00246-021-02588-z
https://doi.org/10.1038/s41746-023-00880-1
https://doi.org/10.1109/EMBC46164.2021.9629655
https://doi.org/10.1007/s00330-018-5348-8
https://doi.org/10.1007/s00330-018-5348-8
https://doi.org/10.1097/01.JAA.0000800284.39341.3b
https://doi.org/10.1097/01.JAA.0000800284.39341.3b
https://doi.org/10.1007/s00228-020-02932-x
https://doi.org/10.1161/ATV.0000000000000147
https://doi.org/10.1161/ATV.0000000000000147
https://doi.org/10.1016/j.phrs.2021.105689
https://doi.org/10.1016/j.phrs.2021.105689
https://doi.org/10.3390/diagnostics10080510
https://doi.org/10.1001/jamacardio.2019.3780
https://doi.org/10.4103/1735-1995.172813
https://doi.org/10.4103/1735-1995.172813
https://doi.org/10.1097/MOL.0000000000000092
https://doi.org/10.1097/MOL.0000000000000092
https://doi.org/10.14740/cr955
https://doi.org/10.1016/j.diabres.2010.05.022
https://doi.org/10.1016/j.diabet.2023.101441
https://doi.org/10.1371/journal.pmed.1003853
https://doi.org/10.1016/S0140-6736(08)61076-4
https://doi.org/10.3389/fcvm.2026.1754713

	From lipid dysbalance to cardiorenal decompensation: apoB/ApoA1 ratio is associated with acute cardiorenal injury in CAD patients
	Introduction
	Methods
	Study design and patient selection
	Data collection
	Echocardiographic assessment
	Coronary angiography assessment
	Assessment of renal function
	Statistical analysis

	Results
	Patient selection and flow
	Among the total 269 enrolled patients, key indicators exhibited reliable distribution profiles
	Medication use comparison
	Correlation analysis and visualization
	Multivariable logistic regression analysis of cardiorenal syndrome
	ROC curve for predicting type I cardiorenal syndrome using the ApoB/ApoA1 ratio

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher's note
	References


