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Diabetic kidney disease (DKD) is the most severe and 

most common chronic complication of diabetes mellitus, 
and it constitutes the leading cause of end stage kidney 
disease [1]. Moreover, compared with diabetic patients 
without kidney involvement, patients with DKD have a 
significantly higher risk of cardiovascular disease, with 
cardiovascular related mortality accounting for 50%–80% 
of deaths, far exceeding the mortality attributable to renal 
failure itself [2]. Therefore, it is of paramount importance 
to identify early assessment tools and intervention targets 
for cardiovascular risk in patients with DKD. Cardiac 
autonomic neuropathy is another common complication of 
diabetes, among which heart rate variability (HRV), as a 
non invasive and quantitative indicator for evaluating 
cardiac autonomic function, has been shown to be 
markedly reduced in patients with DKD [3]. Previous 
studies have demonstrated that HRV is significantly 
impaired in patients with long standing type 1 diabetes 
mellitus presenting with proteinuria or overt nephropathy, 
and that such abnormalities possess predictive value for 
subsequent progressive deterioration of renal function [4]. 

Apolipoproteins (Apo), as key regulators of lipid 
metabolism, play an important role in the development and 

progression of DKD [5]. The ApoB/ApoA1 ratio has been 
widely recognized as a strong predictor for assessing 
cardiovascular risk [6]. Research has found that the 
ApoB/ApoA1 ratio is associated with an increased risk of 
macrovascular and microvascular events in patients with 
type 2 diabetes mellitus (T2DM) [7]. In the context of 
kidney disease, one previous study has shown that 
abnormalities in the ApoB/ApoA1 ratio are correlated with 
the progression of renal disease, and that high 
ApoB/ApoA1 ratio is significantly associated with an 
increased risk of developing end stage kidney disease. 
Besides that, apolipoprotein metabolic derangements, as a 
common feature of chronic kidney disease, play an 
important role in the progression of various types of kidney 
disease [8]. 

Estimated glomerular filtration rate (eGFR) is the 
gold standard for assessing renal function, staging kidney 
disease, and determining prognosis [9]. Although reduced 
nocturnal blood pressure dipping and decreased HRV in 
diabetic patients have been confirmed to be associated with 
cardiovascular morbidity, studies on short term blood 
pressure variability remain limited [10]. However, in the 
specific population of DKD, with the gradual deterioration 
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of renal function, lipid metabolic disturbances may exert 
differential effects on cardiac autonomic function, and 
there may exist eGFR level dependent stratification 
characteristics. 

Thus, this study was designed to investigate the 
stratified correlation between HRV and the ApoB/ApoA1 
ratio in DKD patients at different eGFR levels, and to 
provide a novel reference for the precise assessment and 
stratified management of cardiovascular risk in DKD 
patients by analyzing changes in this association. 

1 Subjects and Methods 
1.1 Study Subjects 

This study adopted a cross sectional design and 
employed a consecutive sampling method. A total of 258 
patients with DKD hospitalized in the Department of 
Endocrinology at Jiangsu Provincial Official Hospital 
from January 2022 to June 2024 were enrolled as study 
subjects. This study was approved by the Ethics 
Committee of Jiangsu Provincial Official Hospital 
[approval number: (2024) Ethics Review No. 055 2], and 
all patients provided written informed consent. 
(1) Inclusion criteria:  

 meeting the diagnostic criteria for T2DM;  
 meeting the diagnostic criteria for DKD [11], 

defined as the presence of persistent proteinuria [urinary 
protein/creatinine ratio (UPCR) 30 mg/g] with or without 
a reduction in eGFR;  

 aged 18–80 years;  
 diabetes duration 1 year.  

(2) Exclusion criteria:  
 type 1 diabetes mellitus;  
 acute kidney injury;  
 non DKD causes of kidney disease;  
 presence of severe cardiac arrhythmias, atrial 

fibrillation, or having a pacemaker implanted;  
 complicated by acute infection or malignant 

tumors;  
 severe hepatic insufficiency;  
 pregnant or lactating women;  
 inability to obtain or verify the complete 

medication history.  

1.2 Data Collection and Laboratory 
Measurements 

General data of the patients was recorded, including 
age, gender, height, body weight, body mass index (BMI), 
duration of diabetes, and medication history. Blood 
pressure was measured under resting conditions; three 
consecutive measurements were taken and the average 
value was used as the final blood pressure reading. On the 
morning of the second day after admission, 5–8 mL of 
fasting antecubital venous blood was collected from all 
patients. Blood samples were centrifuged to separate 
serum, which was then stored at 80 °C for subsequent 
analysis. Fasting plasma glucose, glycosylated 

hemoglobin (HbA1c), serum creatinine (SCr), blood urea 
nitrogen, and other biochemical parameters were measured 
using a fully automated biochemical analyzer (Beckman 
Coulter AU5800, USA). Apolipoprotein A1 and ApoB 
levels were determined by immunoturbidimetry using 
corresponding kits purchased from Roche Diagnostics 
(Switzerland), and the ApoB/ApoA1 ratio was calculated 
accordingly. Lipid parameters included total cholesterol 
(TC), high density lipoprotein cholesterol (HDL C), and 
low density lipoprotein cholesterol (LDL C). The eGFR 
was calculated using the Chronic Kidney Disease 
Epidemiology Collaboration (CKD EPI) formula to 
evaluate renal function: eGFR=141×min(SCr/ ,1)  × 
max(SCr/ , 1) 1.209× 0.993^age×1.018 (if female). SCr is 
expressed in mg/dL (1 mg/dL 88.4 mol/L); for females, 
=0.7, =–0.329; for males, =0.9, =–0.411. The UPCR 

was also calculated. 

1.3 HRV Measurement and Analysis 
HRV analysis was performed in accordance with the 

guidelines proposed by the European Society of 
Cardiology (ESC) and the North American Society of 
Pacing and Electrophysiology (NASPE). A 24 hour 
ambulatory electrocardiographic monitoring system (DMS 
300 4A, DMS Company, USA) was used for HRV 
detection. Time domain indices included the standard 
deviation of normal to normal intervals (SDNN), the root 
mean square of successive differences between adjacent 
normal to normal intervals (RMSSD), and the percentage 
of adjacent normal to normal intervals differing by more 
than 50 ms (pNN50). Frequency domain indices included 
low frequency power (LF, i.e., power spectral density in 
the 0.04–0.15 Hz band), high frequency power (HF, i.e., 
power spectral density in the >0.15–0.40 Hz band), and the 
LF/HF ratio. All indices were calculated using a 5 minute 
time window, and the average values over the 24 hour 
period were taken as the final analytical values. 

1.4 Statistical Methods 
Statistical analysis was performed using SPSS 26.0 

software. The normality of continuous variables was 
assessed using the Shapiro Wilk test. Normally distributed 
continuous data were expressed as  , and 
comparisons among multiple groups were performed using 
one way analysis of variance. Skewed distributed 
continuous data were expressed as M (Q1, Q3), and 
comparisons between groups were conducted using the 
Kruskal Wallis H test. Categorical data were expressed as 
cases (%) and compared using the chi square test. 
Correlation analysis was performed using Spearman's rank 
correlation, and stratified comparisons were conducted 
using Fisher's Z transformation. Variables with P<0.10 in 
univariate analysis were entered into multiple linear 
regression analysis using the forced entry method to 
construct regression models, with examination for 
multicollinearity and residual distribution. Skewed 
variables were logarithmically transformed prior to 
regression analysis to approximate a normal distribution. A 
P value of <0.05 was considered statistically significant. 
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2 Results 
2.1 Comparison of Clinical Characteristics 

Among the Three Groups 
A total of 258 patients with DKD were enrolled in the 

present study, including 150 males (58.1%), with a mean 
age of (62.4±11.2) years. According to eGFR levels, the 
patients were divided into three groups: the 60 group 
[eGFR 60 mL/(min·1.73 m²), n=95], the 30–<60 group 
[eGFR 30–<60 mL/(min·1.73 m²), n=118], and the <30 
group [eGFR <30 mL/(min·1.73 m²), n=45]. The clinical 
characteristics of the three groups are presented in Table 1. 
Statistically significant differences were observed among 
the three groups in terms of age, sex distribution, duration 
of diabetes, SCr, and UPCR (P<0.05).

2.2 Comparison of HRV Indices Among the 
Three Groups 

Among the time domain indices, SDNN and RMSSD 
decreased significantly with declining eGFR (P<0.01). 

Among the frequency domain indices, LF exhibited a 
decreasing trend (P=0.042), whereas HF, pNN50, and the 
LF/HF ratio showed no statistically significant differences 
among the three groups (P>0.05). See Table 2. Linear 
trend analysis further demonstrated that for every 10 
mL/(min·1.73 m²) decrease in eGFR, SDNN decreased by 
10.8 ms ( =–1.080, P<0.01), and RMSSD decreased by 
6.7 ms ( =–0.670, P=0.003). 

2.3 Comparison of Apolipoprotein Indices 
Among the Three Groups 

Statistically significant differences in apolipoprotein 
indices were observed among the three eGFR groups. With 
deterioration of renal function, ApoA1 levels decreased 
significantly (P<0.01), whereas ApoB levels increased 
significantly (P=0.008), resulting in a marked increase in 
the ApoB/ApoA1 ratio (P=0.001). In contrast, no 
statistically significant differences were found in TC, 
HDL C, or LDL C among the three groups (P>0.05). See 
Table 3. 

Tab.1 Comparison of clinical data among three groups of patients 

Characteristics 
60 group 
(n=95) 

30 <60 group 
(n=118) 

<30 group 
(n=45) F/ ²/H value P value 

Basic characteristics      
Age (years, ) 58.3±10.1 64.2±11.0a 69.1±12.5ab 16.403 <0.001 
Male [n (%)] 57(60.0) 69(58.5) 24(53.3) 0.568 0.753 
BMI (kg/m², ) 25.7±3.8 26.3±4.2 26.9±4.6 1.374 0.255 
Duration of diabetes [years, M(Q1,Q 3)] 8.0(5.0,13.0) 12.0(8.0,18.0)a 16.0(11.0,22.0)ab 12.850 0.003 
HbA1c [%, M(Q1,Q 3)] 7.6(6.5,8.8) 8.0(6.9,9.1) 8.4(7.2,9.8) 4.920 0.087 

Renal function parameters      
SCr ( mol/L, ) 98.6±22.4 158.7±31.2a 293.8±78.1ab 345.574 <0.001 
UPCR [mg/g, M(Q1,Q 3)] 680.0 (380.0, 1 120.0) 1 050.0 (520.0, 1 680.0)a 1 860.0 (1 120.0, 2 850.0)ab 18.470 0.002 

Cardiovascular parameters      
SBP (mmHg, ) 135.1±17.2 140.3±19.1 141.8±20.6 2.810 0.062 
Resting heart rate (beats/min, ) 76.8±13.4 79.2±14.6 81.3±15.1 1.664 0.191 

Note: Compared with 60 group, aP<0.05; Compared with 30 <60 group, bP<0.05  

Tab.2 Comparison of HRV indicators among three groups ( ) 

Group Case 
SDNN 

(ms, )a 
RMSSD 

(ms, ) a 
pNN50 

[%, M(Q1,Q 3)] 
LF 

[ms², M(Q1,Q 3)] 
HF 

[ms², M(Q1,Q 3)] 
LF/HF 
( ) 

60 group 95 135.6±36.2 29.8±13.1 6.8(4.2,12.5) 956(742,1 387) 687(521,946) 1.44±0.39 

30 <60 group  118 102.4±29.7a 22.1±10.8a 5.1(2.8,9.6)a 731(568,1 089)a 578(442,748) 1.51±0.44 

<30 group 45 86.3±24.8a 17.2±8.6ab 3.2(1.4,6.8)a 596(423,842)a 456(312,621) 1.62±0.58 

F/H value  47.036 22.005 8.950 12.380 7.820 2.461 

P value  <0.001 <0.001 0.011 0.002 0.020 0.087 

Note: Compared with 60 group, aP<0.05; Compared with 30 <60 group, bP<0.05

Tab.3 Comparison of APO indicators among three groups( ) 

Group Case ApoA1 (g/L) ApoB (g/L) ApoB/ApoA1 TC (mmol/L) HDL-C (mmol/L) LDL-C (mmol/L) 
60 group 95 1.3±0.2 0.9±0.3 0.7±0.2 4.8±1.1 1.2±0.3 2.9±0.8 

30 <60 group 118 1.2±0.2a 1.0±0.3a 0.9±0.3a 5.1±1.2 1.1±0.3 3.1±0.9 
<30 group 45 1.1±0.2ab 1.2±0.4ab 1.1±0.4ab 5.3±1.4 1.0±0.3 3.2±1.0 
F value  11.078 10.925 24.542 3.071 7.239 2.202 
P value  <0.001 <0.001 <0.001 0.048 0.001 0.113 

Note: Compared with 60 group, aP<0.05; Compared with 30 <60 group, bP<0.05  
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2.4 Correlation Analysis 
2.4.1 Overall Correlation Analysis 

Correlation analysis revealed that time domain HRV 
indices were all significantly negatively correlated with the 
ApoB/ApoA1 ratio, among which SDNN showed the 
strongest correlation (rs=–0.381, P<0.01), followed by 
RMSSD (rs=–0.252, P=0.008). The correlations between 
frequency domain indices and the ApoB/ApoA1 ratio were 
relatively weak, with only LF showing a marginally 
significant negative correlation (rs=–0.174, P=0.062), 
while the remaining indices were not statistically 
significant. HRV indices were all positively correlated with 
eGFR, with time domain indices showing stronger 
correlations. SDNN exhibited the strongest correlation 
with eGFR (r=0.486, P<0.01), followed by RMSSD 
(r=0.341, P<0.01). Among frequency domain indices, 
only LF was significantly positively correlated with eGFR 
(rs=0.198, P=0.028). Regarding apolipoprotein indices, 
ApoA1 was significantly positively correlated with eGFR 
(rs=0.398, P<0.01), ApoB was significantly negatively 
correlated with eGFR (rs=–0.287, P<0.01), and the 
ApoB/ApoA1 ratio was significantly negatively correlated 
with eGFR (rs=–0.389, P<0.01). See Table 4. 
2.4.2 Stratified Correlation Analysis 

Stratified analysis according to eGFR levels revealed 
a clear stratification effect in the correlation between 
SDNN and the ApoB/ApoA1 ratio. In the 60 group, the 
correlation was not statistically significant (r=–0.198, 
P=0.067); in the 30–<60 group, SDNN was negatively 
correlated with the ApoB/ApoA1 ratio (r=–0.356, 
P=0.001); and in the <30 group, SDNN was also 
negatively correlated with the ApoB/ApoA1 (r=–0.487, 

P=0.003). According to Fisher's Z transformation test, this 
stratification effect was statistically significant (Z=2.340, 
P=0.019). 

2.5 Multivariate Regression Analysis 
Univariate analysis showed that eGFR, ApoB/ApoA1 

ratio, age, duration of diabetes, HbA1c, and SBP were 
significantly associated with SDNN (P<0.10). These 
variables were then all entered into the multiple linear 
regression model. The final model was statistically 
significant (F=24.573, P<0.01, R²=0.378). The results 
demonstrated that after adjustment for other confounding 
factors, only eGFR and the ApoB/ApoA1 ratio were 
independent influencing factors of SDNN (P<0.05). For 
every 10 mL/(min·1.73 m²) increase in eGFR, SDNN 
increased by 5.67 ms; for every 0.1 increase in the 
ApoB/ApoA1 ratio, SDNN decreased by 1.27 ms. Age, 
duration of diabetes, and HbA1c were not statistically 
significant after adjustment for other factors (P>0.05). See 
Table 5. 

Tab.4 Results of overall correlation analysis 

Variable ApoB/ApoA1  eGFR 
r value P value  r value P value 

HRV Indicators      
SDNN 0.381 <0.001  0.486 <0.001 
RMSSD 0.252 0.008  0.341 <0.001 
pNN50 0.128 0.156  0.164 0.089 
LF 0.174 0.062  0.198 0.028 
HF 0.142 0.124  0.151 0.106 

Apo Indicators      
ApoA1 0.612 <0.001  0.398 <0.001 
ApoB 0.543 <0.001  0.287 0.002 
ApoB/ApoA1 1.000   0.389 <0.001 

Tab.5 Univariate and multivariate linear regression analysis of factors affecting SDNN 

Variable 
Univariate regression analysis  Multivariate analysis 

 SE P value 95%CI   SE P value 95%CI 
Independent variable          

eGFR 7.23 0.92 <0.001 5.42 – 9.04  5.67 1.21 <0.001 3.28 – 8.06 
ApoB/ApoA1 -18.45 4.74 0.001 -27.82 – -9.08  -12.73 5.98 0.034 -24.48 – -0.98 

Control variable          
Age -0.89 0.30 0.003 -1.47 – -0.31  -0.54 0.31 0.082 -1.15 – 0.07 
Duration of diabetes -0.67 0.30 0.028 -1.27 – -0.07  -0.23 0.28 0.412 -0.78 – 0.32 
HbA1c -4.12 1.68 0.015 -7.43 – -0.81  -2.16 1.94 0.267 -5.98 – 1.66 
SBP -0.24 0.13 0.067 -0.50 – 0.02      

Note: The eGFR variable represents an increase of 10 mL/(min·1.73m²). 
 

3 Discussion 
Through a systematic analysis of patients with DKD 

at different eGFR levels, this study revealed a significant 
eGFR stratified correlation between HRV and the 
ApoB/ApoA1 ratio. The results demonstrated that with the 
deterioration of renal function, the negative impact of the 
ApoB/ApoA1 ratio on cardiac autonomic function became 
progressively stronger. This study showed that HRV 
indices, specifically SDNN and RMSSD, exhibited a 
significant decreasing trend with declining eGFR levels in 
DKD patients. This finding is consistent with the report by 
Mylonopoulou er al. [16] in patients with end stage kidney 
disease, who suggested that the accumulation of uremic 

toxins and the chronic inflammatory state are important 
contributors to impaired autonomic function. Previous 
studies have also indicated a direct pathophysiological link 
between renal function deterioration and cardiac 
autonomic dysfunction [13]. Of particular note, the present 
study found that the ApoB/ApoA1 ratio changed 
significantly with worsening renal function, whereas 
conventional lipid parameters (TC, HDL C, and LDL C) 
showed no statistically significant differences among the 
three groups, which may reflect the unique sensitivity of 
the ApoB/ApoA1 ratio as an indicator of lipid metabolic 
derangement. 

The reduction in HRV reflects impairment of cardiac 
autonomic nervous system function, particularly 
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diminished vagal tone [14]. During the progression of 
DKD, metabolic acidosis, electrolyte disturbances, uremic 
toxin accumulation, and chronic microinflammatory states 
may all directly or indirectly affect the normal function of 
the autonomic nervous system [15]. In addition, diabetic 
microvascular pathology itself may also involve the 
autonomic nerve fibers innervating the heart, thereby 
exacerbating cardiac autonomic dysfunction [16]. 

This study found that as eGFR declined, ApoA1 
levels decreased while ApoB levels increased, resulting in 
a progressive elevation of the ApoB/ApoA1 ratio. This 
trend is consistent with the findings of the large scale 
cohort study conducted by the Chronic Kidney Disease 
Prognosis Consortium [17], further confirming the close 
association between lipoprotein metabolic disturbances 
and the degree of renal impairment. It is noteworthy that 
conventional lipid parameters such as TC, HDL C, and 
LDL C did not differ significantly among the three eGFR 
groups, whereas apolipoprotein indices exhibited clear 
intergroup differences; this phenomenon may reflect the 
unique advantage of the ApoB/ApoA1 ratio as a marker of 
lipid metabolic abnormalities [8]. The ApoB/ApoA1 ratio 
integrates information on both atherogenic and 
anti atherogenic lipoproteins, thus it can more accurately 
reflect the overall status of lipid metabolism [18]. The 
potential mechanisms by which renal function 
deterioration leads to apolipoprotein metabolic 
abnormalities include: (1) decreased renal clearance of 
lipoproteins; (2) uremic toxin induced alterations in 
hepatic lipoprotein synthesis; (3) chronic 
inflammation related changes in the activity of lipoprotein 
metabolic enzymes; and (4) insulin resistance exacerbated 
lipid metabolic derangements [19]. 

This study identified a significant negative 
correlation between SDNN and the ApoB/ApoA1 ratio, 
and this correlation exhibited a stratification effect across 
different eGFR levels. In the 60 group, the correlation 
was not statistically significant; in the 30–<60 group, the 
correlation reached statistical significance; and in the <30 
group, the correlation was further strengthened. This 
stratification effect suggests that as renal function 
deteriorates, the impact of lipid metabolic abnormalities on 
cardiac autonomic function gradually intensifies [20]. First, 
apolipoprotein metabolic abnormalities may affect the 
blood supply to the autonomic nerves innervating the heart 
by promoting the progression of atherosclerosis, leading to 
neural dysfunction [21]. Second, ApoB rich lipoprotein 
particles are prone to oxidative modification, and the 
resulting oxidized low density lipoproteins can directly 
damage neurons and impair neural conduction [22]. Third, 
lipid metabolic disturbances may exacerbate chronic 
inflammatory responses, and inflammatory mediators such 
as tumor necrosis factor  and interleukin 6 have been 
shown to directly suppress cardiac vagal activity [23]. The 
strongest correlation observed in the <30 group in the 
present study may be mechanistically attributed to the 
synergistic effects in patients with severely impaired renal 
function, which render the impact of the ApoB/ApoA1 
ratio on HRV more pronounced [24]. 

Multivariate linear regression analysis revealed that 
after adjustment for multiple traditional risk factors, eGFR 
and the ApoB/ApoA1 ratio remained independent 
influencing factors of SDNN. The regression coefficient of 
the ApoB/ApoA1 ratio on SDNN changed notably in the 
multivariate model, attenuating from =–18.450 in 
univariate analysis to =–12.730, suggesting that eGFR 
may play a partial mediating role in the pathway through 
which the ApoB/ApoA1 ratio affects HRV. Furthermore, 
the ApoB/ApoA1 ratio may serve as a novel biomarker for 
the assessment of cardiovascular risk in DKD patients; 
moreover, targeted improvement of lipid metabolic 
abnormalities may contribute to the preservation of cardiac 
autonomic function. Previous studies have indicated that 
statins not only lower cholesterol levels but also improve 
the apolipoprotein profile, providing a novel therapeutic 
strategy for cardiovascular protection in DKD patients [25]. 

This study has certain limitations. First, the 
cross sectional design precludes inferences regarding 
causality. Second, although multiple confounding factors 
were controlled, the possibility of residual confounding 
remains. Third, the sample size was relatively limited, 
particularly in the <30 group, which may have affected 
statistical power. Nevertheless, the findings of the present 
study still hold important clinical applicability. 
Apolipoprotein testing is relatively simple and 
cost effective, and the ApoB/ApoA1 ratio has the potential 
to become a practical tool for cardiovascular risk 
stratification in DKD patients. Combined with HRV 
assessment, it may enable a more comprehensive 
evaluation of patients' cardiovascular status and provide a 
reference for the formulation of individualized treatment 
strategies. Future studies should adopt prospective cohort 
designs to further validate the predictive value of the 
ApoB/ApoA1 ratio for cardiovascular events and to 
explore the efficacy of targeted interventions. 

In conclusion, this study demonstrates that in patients 
with DKD, the negative correlation between HRV and the 
ApoB/ApoA1 ratio is significantly strengthened with 
declining renal function. For patients with eGFR <60 mL / 
(min·1.73 m²), regular monitoring of the ApoB/ApoA1 
ratio may facilitate more precise assessment of 
cardiovascular autonomic risk and guide the management 
of lipid metabolism. 
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