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Abstract: Objective To investigate the stratified correlation between heart rate variability (HRV) and the apolipoprotein
B/apolipoprotein A1l (ApoB/ApoAl) ratio in patients with diabetic kidney disease (DKD) across different levels of estimated
glomerular filtration rate (eGFR), aiming to provide a reference for the precise assessment of cardiovascular risk in this population.
Methods A cross-sectional study was conducted, selecting 258 patients with DKD admitted to Jiangsu Province Official Hospital
from January 2022 to June 2024. Based on eGFR levels, patients were divided into the =60 group [eGFR=60 mL/(min-1.73 m’),
n=95], the 30-<60 group[eGFR 30—-<60 mL/(min-1.73 m?), 7=118], and the <30 group[eGFR<30 mL/(min-1.73 m®), n=45]. 24—
hour ambulatory electrocardiography was performed in all groups to analyze HRV parameters, and the ApoB/ApoAl ratio was
concurrently collected. Spearman correlation analysis and multiple linear regression analysis were used to explore the
relationship between HRV and the ApoB/ApoAl ratio. Results Statistically significant differences were observed among the
three groups in age, duration of diabetes, serum creatinine, and urinary protein/creatinine ratio (£<0.05). As eGFR declined, the
standard deviation of normal-to—normal intervals (SDNN) decreased (P<0.01), with SDNN decreasing by 10.8 ms for every 10
mL/ (min-1.73 m?) reduction in eGFR (P<0.01); the root mean square of successive differences (RMSSD) also showed a downward
trend (P=0.003). The ApoB/ApoAl ratio significantly increased with declining eGFR (P<0.01). Correlation analysis revealed a
significant negative correlation between SDNN and the ApoB/ApoAl ratio (r=—0.381, P<0.01), and this correlation was also
statistically significant in the 30-<60 group (r=—0.356, £=0.001) and the <30 group (r==0.487, P£=0.003). Multiple linear
regression analysis showed that eGFR (8=5.670, £<0.01) and the ApoB/ApoAl ratio (£=12.730, £=0.034) were independent
influencing factors for SDNN. Conclusion In patients with DKD, the negative correlation between HRV and the ApoB/ApoAl
ratio strengthens significantly as renal function deteriorates, demonstrating a clear eGFR stratification effect. Monitoring the
ApoB/ApoALl ratio may be helpful for the stratified management of cardiovascular autonomic nerve risk in patients with renal
insufficiency.
Keywords: Diabetic kidney disease; Heart rate variability; Apolipoprotein; Estimated glomerular filtration rate; Stratified
correlation; Renal function
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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/ApoAl ratio has been
widely recognized as a strong predictor for assessing
cardiovascular risk [6]. Research has found that the
ApoB/ApoAl 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/ApoAl ratio are correlated with
the progression of renal disease, and that high
ApoB/ApoAl 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/ApoAl
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:

(D 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;

(3 non-DKD causes of kidney disease;

@ vpresence 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
Measurements

and  Laboratory

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 (HbAlc), serum creatinine (SCr), blood urea
nitrogen, and other biochemical parameters were measured
using a fully automated biochemical analyzer (Beckman
Coulter AU5800, USA). Apolipoprotein Al and ApoB
levels were determined by immunoturbidimetry using
corresponding kits purchased from Roche Diagnostics
(Switzerland), and the ApoB/ApoAl 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=141xmin(SCr/x,1)* x
max(SCr/x, 1)129x 0.9937%°x1.018 (if female). SCr is
expressed in mg/dL (1 mg/dL = 88.4 umol/L); for females,
x=0.7, a=—0.329; for males, x=0.9, a=—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 FEuropean 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 X +s , and
comparisons among multiple groups were performed using
one-way analysis of variance. Skewed distributed
continuous data were expressed as M (Q;, Qs), 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 m?), n=95], the 30—<60 group
[eGFR 30—<60 mL/(min-1.73 m?), n=118], and the <30
group [eGFR <30 mL/(min-1.73 m?), 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 m?) decrease in eGFR, SDNN decreased by
10.8 ms (f=—1.080, P<0.01), and RMSSD decreased by
6.7 ms (f=-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, ApoAl levels decreased
significantly (P<0.01), whereas ApoB levels increased
significantly (P=0.008), resulting in a marked increase in
the ApoB/ApoAl 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

>60 30—<60 <30

Characteristics 3 (n;g;‘g;l P (n=1 ]g;;) up (nf:g;l P Fly*/H value P value
Basic characteristics

Age (years, X = 5) 58.3+10.1 64.2+11.0° 69.1+12.5% 16.403 <0.001

Male [n (%)] 57(60.0) 69(58.5) 24(53.3) 0.568 0.753

BMI (kg/m*x + s) 25.7+3.8 26.3+4.2 26.9+4.6 1.374 0.255

Duration of diabetes [years, M(Q1,03)] 8.0(5.0,13.0) 12.0(8.0,18.0)* 16.0(11.0,22.0)* 12.850 0.003

HbAlc [Y, M(01,03)] 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 (pmol/L, X + 5) 98.6+22.4 158.7431.22 293.8+78.1% 345.574 <0.001

UPCR [mg/g, M(01,03)] 680.0 (380.0, 1 120.0) 1 050.0 (520.0, 1 680.0)* 1 860.0 (1 120.0, 2 850.0)* 18.470 0.002
Cardiovascular parameters

SBP (mmHg, X + s) 135.1+17.2 140.3+19.1 141.8420.6 2.810 0.062

Resting heart rate (beats/min, X * s) 76.8£13.4 79.2£14.6 81.3%15.1 1.664 0.191
Note: Compared with >60 group, *P<0.05; Compared with 30—<60 group, *P<0.05.

Tab.2 Comparison of HRV indicators among three groups (X * S)
SDNN RMSSD pNN50 LF HF LF/HF
Group Case _ : _ a o A . _
(ms, X+ 5) (ms, X £ 5) [%0, M(01,03)] [ms?, M(01,05)] [ms?, M(01,05)] (xts)

>60 group 95 135.6+36.2 29.8+13.1 6.8(4.2,12.5) 956(742,1 387) 687(521,946) 1.4440.39
30—<60 group 118 102.4429.7% 22.1+10.82 5.1(2.8,9.6) 731(568,1 089) 578(442,748) 1.51+0.44
<30 group 45 86.3+24.8% 17.248.6% 3.2(1.4,6.8) 596(423,842)* 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, *P<0.05; Compared with 30—<60 group, *P<0.05.

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

Group Case ApoAl (g/L) ApoB (g/L) ApoB/ApoAl 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+0.2% 1.0£0.3* 0.9+0.3* 5.1+1.2 1.1+0.3 3.1+0.9

<30 group 45 1.1+0.2% 1.2+0.4% 1.10.4% 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, *P<0.05; Compared with 30—<60 group, ®P<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/ApoAl ratio, among which SDNN showed the
strongest correlation (r—=0.381, P<0.01), followed by
RMSSD (r=-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 (=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
(r~0.198, P=0.028). Regarding apolipoprotein indices,
ApoAl was significantly positively correlated with eGFR
(r=0.398, P<0.01), ApoB was significantly negatively
correlated with eGFR (»=-0.287, P<0.01), and the
ApoB/ApoAl ratio was significantly negatively correlated

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, HbAlc, 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, R*=0.378). The results
demonstrated that after adjustment for other confounding
factors, only eGFR and the ApoB/ApoAl ratio were
independent influencing factors of SDNN (P<0.05). For
every 10 mL/(min-1.73 m?) increase in eGFR, SDNN
increased by 5.67 ms; for every 0.1 increase in the
ApoB/ApoAl ratio, SDNN decreased by 1.27 ms. Age,
duration of diabetes, and HbAlc were not statistically
significant after adjustment for other factors (P>0.05). See
Table 5.

Tab.4 Results of overall correlation analysis

with eGFR (r=0.389, P<0.01). See Table 4. Variable ApoB/ApoAl eGFR
2.4.2 Stratified Correlation Analysis zvalue P value rvilue P value
t . : : y HRY Indicators
Stratified analysis according to eGFR levels revealed SDNN -0.381  <0.001 0486 <0.001
a clear stratification effect in the correlation between R}L\SSS(? —83% 8?22 8?21 T)Ob%%l
. p —0. 5 . .
SDNN and the ApoB/ApoAl ratio. In the =60 group, the LF 0174 0.062 0.198 0.028
correlation was not statistically significant (»=-0.198, HF —0.142 0.124 0.151 0.106
_ . . Apo Indicators
= =
P=0.067); in .the 30—<60 group, SDNN was negatively ApoAl _o6l2  <ooml 0.398 0,001
correlated with the ApoB/ApoAl ratio (r=-0.356, ApoB 0.543 <0.001 —0.287 0.002
P=0.001); and in the <30 group, SDNN was also ApoB/ApoAl 1.000 = —0.389  <0.001
negatively correlated with the ApoB/ApoAl (r=—0.487,
Tab.5 Univariate and multivariate linear regression analysis of factors affecting SDNN
. Univariate regression analysis Multivariate analysis
Variable
b SE P value 95%CI p SE P value 95%CI
Independent variable
eGFR 7.23 0.92 <0.001 5.42-9.04 5.67 121 <0.001 3.28 - 8.06
ApoB/ApoAl -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--031 -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
HbAlc -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-1.73m?).

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/ApoAl ratio. The results demonstrated that with the
deterioration of renal function, the negative impact of the
ApoB/ApoAl 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/ApoAl 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/ApoAl 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, ApoAl
levels decreased while ApoB levels increased, resulting in
a progressive elevation of the ApoB/ApoAl 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/ApoAl ratio as a marker of
lipid metabolic abnormalities [8]. The ApoB/ApoAl 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/ApoAl 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-o 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/ApoAl
ratio on HRV more pronounced [24].

Multivariate linear regression analysis revealed that
after adjustment for multiple traditional risk factors, eGFR
and the ApoB/ApoAl ratio remained independent
influencing factors of SDNN. The regression coefficient of
the ApoB/ApoAl ratio on SDNN changed notably in the
multivariate model, attenuating from f=-18.450 in
univariate analysis to f=—12.730, suggesting that eGFR
may play a partial mediating role in the pathway through
which the ApoB/ApoAl ratio affects HRV. Furthermore,
the ApoB/ApoAl 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/ApoAl 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/ApoAl 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/ApoAl ratio is significantly strengthened with
declining renal function. For patients with eGFR <60 mL /
(min-1.73 m?), regular monitoring of the ApoB/ApoAl
ratio may facilitate more precise assessment of
cardiovascular autonomic risk and guide the management
of lipid metabolism.
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WE: BR  BWIMHRIE R (DKD) B 03R48 FME (HRV) 5805 8 A B/ARIE 5 H AL H(E (ApoB/ApoAl H
{ED) FEAS AR S0 B /N ERIE AT 2 (eGFR) KPR 1943 240 S, DU Z R (9.0 148 XU A HEPEAR B 1 525
Fik SRR RS, BEER 2022 4F 1 H 2 2024 4F 6 H 117548 48 LI = B if Y 258 191 DKD B & 1R A58
W4, MG eGFR K43 =60 4 [ eGFR=60 m1/(min - 1.73 m*) , n=95 | , 30~<60 £ [ eGFR 30~<60 mL/(min -
1.73 m*) , n=118 f4i] ] f1<30 41 [ eGFR<30 mL/(min-1.73 m*) ,n=45 |, 4L EH1T 24 /NS5O L B R LL AT
HRV $8%5, [A] U EE ApoB/ApoAl HUAH . SR H Spearman AH5& 50 #1 R Z2 T4 (1A 43 B8R 3T HRV 5 ApoB/ApoALl
WEME R, ER ZHEE R BT % UET X PR LB LA 22 B 825 L (P<
0.05), BlZ eGFR T I, 1E % 55 1E O [E] 1 FR 7 22 (SDNN) 1K (P<0.01) , eGFR 45 T % 10 mL/(min- 1.73 m?) ,
SDNN /5> 10.8 ms (P<0.01) 5 AHZP 1E & S5 MO (] HA 22 (A 19 3 77 #R (RMSSD) [RJ 2 T R 34 (P=0.003) o ApoB/
ApoAl HAE B eGFR T B i 25 TH & (P<0.01) o #HIC M /3BT 7 , SDNN 5 ApoB/ApoAl FUAE &2 5 3 T AH ¢
(r=—0.381, P<0.01) , HiZ A X PETE 30~<60 £ (r=—0.356, P=0.001) F1<30 4 (r=—0.487, P=0.003) IN 5 Gi i1 % &
o 2T MERIH M R, eGFR(B=5.670, P<0.01) £l ApoB/ApoAl U {H (B=-12.730, P=0.034) J& SDNN (¥4t 37
N, 18 75 DKD B E T, HRV 5 ApoB/ApoAl H{H M Uk & E BE B Sh AE B 7w 2 4 i, S PR 1Y
eGFRAYJZRUN o Wil ApoB/ApoAl LU AEEAT B X DIREAS 4= B 1.0 A4S [ =0 28 KUK 1A 743 245 3L
SRR MO B 5 O AR e BAREE L ARG/ NERUE S R AR AR G s EURE
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Association between heart rate variability and apolipoprotein B / apolipoprotein
Al ratio in patients with diabetic kidney disease stratified by estimated

glomerular filtration rate
YAN Wenyan, YANG Juan, BAI Mingchuan, JIANG Luyue
Department of Nephrology , Affiliated Geriatric Hospital of Nanjing Medical University , Nanjing , Jiangsu 210024, China
Corresponding author: JIANG Luyue ,E-mail: jlyl11182025@]163.com
Abstract: Objective To investigate the stratified correlation between heart rate variability (HRV) and the apolipoprotein
Bl/apolipoprotein A1 (ApoB/ApoA 1) ratio in patients with diabetic kidney disease (DKD) across different levels of estimated
glomerular filtration rate (eGFR) , aiming to provide a reference for the precise assessment of cardiovascular risk in this
population. Methods A cross - sectional study was conducted, selecting 258 patients with DKD admitted to Jiangsu
Province Official Hospital from January 2022 to June 2024. Based on eGFR levels, patients were divided into the =60
group [eGFR=60 mL/(min-1.73 m*), n=95], the 30-<60 group [eGFR 30-<60 mL/(min-1.73 m*), n=118], and the <30
group [eGFR<30 mL/(min - 1.73 m’) , n=45]. 24 -hour ambulatory electrocardiography was performed in all groups to

analyze HRV parameters, and the ApoB/ApoAl ratio was concurrently collected. Spearman correlation analysis and
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multiple linear regression analysis were used to explore the relationship between HRV and the ApoB/ApoAl ratio.
Results Statistically significant differences were observed among the three groups in age, duration of diabetes, serum
creatinine, and urinary protein/creatinine ratio (2<0.05). As eGFR declined, the standard deviation of normal-to-normal
intervals (SDNN) decreased (P<0.01), with SDNN decreasing by 10.8 ms for every 10 mL/(min-1.73 m®) reduction in
eGFR (P<0.01); the root mean square of successive differences (RMSSD) also showed a downward trend (P=0.003). The
ApoB/ApoAl ratio significantly increased with declining eGFR (P<0.01). Correlation analysis revealed a significant
negative correlation between SDNN and the ApoB/ApoAl ratio (r=—0.381, P<0.01), and this correlation was also
statistically significant in the 30—<60 group (r=—0.356, P=0.001) and the <30 group (r=—0.487, P=0.003). Multiple
linear regression analysis showed that eGFR(8=5.670, P<0.01) and the ApoB/ApoAl ratio(8=-12.730, P=0.034) were
independent influencing factors for SDNN. Conclusion In patients with DKD, the negative correlation between HRV and
the ApoB/ApoAl ratio strengthens significantly as renal function deteriorates, demonstrating a clear eGFR stratification
effect. Monitoring the ApoB/ApoA 1 ratio may be helpful for the stratified management of cardiovascular autonomic nerve
risk in patients with renal insufficiency.

Keywords: Diabetic kidney disease; Heart rate variability; Apolipoprotein; Estimated glomerular filtration rate; Stratified
correlation; Renal function

Fund program: Guiding Medical Research Project of Jiangsu Provincial Health Commission (M2024266) ; Talent

Development Foundation of Jiangsu Provincial Government Hospital (Affiliated Geriatric Hospital of Nanjing Medical

University) (IR2025102)

B PR % "B (diabetic kidney disease, DKD) 2 B#
B B )™ EE A DL AR I A , i AR B Y 32
BRI, A, DKD S A IF O LB (18 XU 35
PR PR A 0 O IS SR AR DG AE TR
]9 50%~80% , it 8 FEIE AR B BT B AET
I, 53 DKD S5 I KURS: 18 S B DA 5 1 e
MERHEE, OE A ER N2 2% 1 55—
UL AAE , Horpu #8748 5 (heart rate variability
HRV)VER DAL OIE B F 2 Diae iy T € #45
b5, 7E DKD (835 i 3R 90k o R, BEAERF IR 3
B, HRV 7E R4 8 PR a5 B0 9 1< 40 1 5008 JR
I KB P W S AR, ELSR S O DD RE R A gk
TP BA T

# 5 5 A (apolipoprotein, Apo)/E A ig AL 15 1Y
GBI YT R, 7E DKD 9 % AE & e v 4% o AR
FH"'. ApoB/ApoAl FUAE B 1Z A A2 Ak o il A8 X
B (5 P FE bR . WFST & B ApoB/ApoAl UE 5 2
R R B R A RO 0 A S XU AR DG
TE B R 7 T, ELAT F5E R ApoB/ApoAl FL{H
5 B IR E R AH DG , ApoB/ApoA T HU R = 5 2%
A i A Jre XU S 2 S NAE G , L Apo AU 5 A
SRy P I ) S [ ARR AR AN [) S R RS 1
e IR EEAE A

il B /NER 38 3 & (estimated glomerular filtra-
tion rate, eGFR)ZITAl B T REFI 53101 HIr 105 1) 43
PRAE™ . ESRBE PR B8 R R] Il R 80 F HRV

REAR Bl UE 92 50 148 808 56RH G, (HL G T4 91
JEAS S AT RN G THE DKD 3% —FfiE A
R B B DR B AL R B AR ZE AL T BEXS
O B TR TRE 7 A AN [ AR B 52 R, AT BEAFAE
eGFR K- HAFHE Y 73 JZ AL

BT, AT B EIRBIANE] eGFR ZK-F- DKD f#
# HRV 5 ApoB/ApoA 1 HUAE K43 ZHHIEHE , il 7 Hr
HOCHESR A Ak, oA DKD £ U I AU B4 1 T
iAoy 28 ER R 2 1l

1 XM&5F%

L1 BrRar & AR W T, R % 2
FEJT I, B H 2022 4F 1 H 52024 4F 6 H EETLHAEH
RHLIEBE N WRHE BEIR YT 19 DKD B35 258 i
XIS (1) AFRUE : OFF A 2 BUORE R 12 Wibr
e QFF & DKD 2 Wik ", RIAETE RS2 2R IR
[ R 25 F/ALEF LG (A (urinary protein/creatinine ratio,
UPCR)=30 mg/g ] tEEATE eGFR T s @42 18~80
2 WHHR R EE=14E . (2) HEBRPR#E . D1 RIS IR
i s @2 B 47 s @A DKD; @A77 ™ B0 AR
D P BB s RS O G I Sk
PER IR © 7™ 5 AT T BE R 42 5 DAk T4 % 19 5 L
W A2 s @ JC ik AR Bl i S L e B 2 5 8
AHFFE LT 58 B B B B S H 2 D1 it (it
WS (2024 )R H 55 (055-2) 5 1, BT 5 e H 4% 8
G RS
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1.2 FAOKE R EREERN O EE AR
B AR PR B R B A TR R A
(body mass index, BMI) e S FH 24 52 45,
DR TR M, JE 2R & 3 U, OF- YA K
MIEfE . B 8 T ABER H i R 2 RN IE T
FRDK AL 5~8 mLo ML BOREAS 28 B O b BRUR 70 B I3
IFET-80 CUKFAIRATRFIN . {14 H 343 HriX
(Beckman Coulter AU5800, 3 [&] ) Kl 25 i 1108 A fk
IM.£T. 25 H (glycosylated hemoglobin , HbA ) . Ifil 7 LI
(serum creatinine, SCr) M Ifil /K 2 A 55 A fb 48 hr . R
FHHE LRI E ApoA T FT ApoB 7K, A0 M 1057 &
g 3 % A2 WA w) Gt , I3 1 TH53 ApoB/ApoA
AR . MLARFE R : SIH [ P (total cholesterol , TC) | 15
2 g A [E B (high-density lipoprotein cholesterol
HDL-C) A% B2 g 85 1 IH [ B (low-density lipopro-
tein cholesterol, LDL-C) o % 12 4 B WL 1701 790 2
& YE W98 240 (Chronic Kidney Disease Epidemiology,
CKD-EPD) A5 eGFR VAL FF DIHE : eGFR = 141 x
min(SCr/k, 1) x max(SCr/k, 1) x 0.993 " x 1.018
(). HrbSCrEfi Jymg/d1L(1 mg/d1~88.4 pmol/L) ;
L MER=0.7,a= - 0.329; F Px=0.9, a= - 0.411. F757
UPCR,

1.3 HRVA&R 5 54 F M D7 2 (Euro-
pean Society of Cardiology, ESC )5 1t & i ## Fl e, A= B
2¢: 2> (North American Society of Pacing and Electro-
physiology , NASPE ) 4& 1} ()45 F i£ 4T HRV 73 4T , R H]
24 /NI Bl 7850 L T B 2R S8 (DMS 300-4A, 5[5 DM
O ED) AT HRV AN o A3k 8 A 45 1F 5 58 MO 4
[H] 1 bR 1 22 (standard deviation of normal-to-normal in-
tervals, SDNN) AHSR 1E # 52 PE 047 18] 10 22 (1 1 241 07

HR (root mean square of successive differences, RMSSD)
FHRBIEH S20E RR [AIYIZE (A 1L 50 ms B9 5 53 He (per-
centage of adjacent normal-to-normal intervals differing
by more than 50 ms, pNN50) . J9i3ak 48 475 £ 45 {451 2y
K (low frequency, LF, B} 0.04~0.15 Hz Fi B 1A Ty R
B BE) |15 33 & (high frequency, HF, B[l >0.15~0.40
Ha 45 B D) 5635 % ) S LW/HF HfE . BT A 48 hn 3
K H S min W] T HEAT IS R 24 /N AT T3
(AR e

14 itk RISPSS 26.0 HAFHATEE S
T3, 7% 2278 5 R H Shapiro- Wilk A6 56 56 i H: 1 F
B ARG IR AT AT BERH vs RO, 22 1]
FeBCR B R 7 22000 o I AS 23 A T SR
M(Qi, Q) 2, A1) H 4K ] Kruskal - Wallis H £
5o THECRHLAGI (%) R | BSR R . HHOC
P53 B 2K H Spearman B AH G 474341, 2K H Fisher’s
Z7E AT IR R . BB R b P< 0.10 F9 728
SN L TTEANE [ A 53T, SR T 58 i 2E A AL (]
IARERY K 50 22 T AL LR P R 22 0 A1 o I 28500 A 78
ST 10 A 0 BT R AT R e e LA L R A
fito P<0.05 NEFAGI AR,

2 # B

2.1 =Z@BFGARTHRE ABFEILGA 258 1)
DKD %, Horb 5 150 1] (58.19% ) , 4F % (62.4 +
11.2) % o M4E eGFR KR i35 70 o —4H . =60 H
[eGFR=60 mL/(min+1.73 m*) ,n=95],30~<602H[eGFR
30~<60 mL/(min - 1.73 m*) , n=118] F1<30 41 [eGFR<
30 mL/(min-1.73 m*) ,n=45], =2 B3 I K 7R
UL 1o =AM A 1 L R PR I 72 L SCr

K1 ZHBEFERR LR

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

€7D =604 (n=95) 30~<604 (n=118) <3041 (n=45) FIIHAH P1H
FEACRFIE
AR (B 58.3+10.1 64.2+11.0° 69.1+12.5" 16.403  <0.001
FEELBI(%) ] 57(60.0) 69(58.5) 24(53.3) 0.568 0.753
BMI (kg/m*)* 25.7+3.8 26.3+4.2 26.9+4.6 1.374 0.255
WERR AR (4F) * 8.0(5.0,13.0) 12.0(8.0,18.0) 16.0(11.0,22.0) 12.850 0.003
HbA,c (%)" 7.6(6.5,8.8) 8.0(6.9,9.1) 8.4(7.2,9.8) 4.920 0.087
¥ D RedE iR
SCr (pmol/L)* 98.6+22.4 158.7+31.2 293.8+78.1° 345574  <0.001

UPCR (mg/g)" 680.0(380.0, 1 120.0) 1050.0(520.0, 1 680.0)° 1 860.0(1 120.0, 2 850.0)" 18.470 0.002
TN IIIKEE =Y 7y

i & (mmHg)* 135.1x17.2 140.3+19.1 141.8+20.6 2.810 0.062

FEOFE (R 76.8+13.4 79.2+14.6 81.3+15.1 1.664 0.191

T B A s H s B A M(Q,, Q0) Fom s 5=60 41 HU A, “P<0.055 5 30~59 41 b4, 'P<0.05,
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FUPCR J5 T 22 A gt L (P<0.05) .

2.2 HRV3IgArey2iia s fERHEFER T ,SDNN 5
RMSSD Fifi eGFR T B 1717 . 35 B AIC (P<0.01) o 7E A7 5k
FeARH LF 5 R (P=0.042) , 1fif HF ,pNN50 }%
LF/HF HLEAE =40 25 5088 L (P>0.05) . UL
2, &M aH it — LRV, eGFR & T B
10 mL/(min-1.73 m*) , SDNN J& /) 10.8 ms (B=-1.08,
P<0.01) ,RMSSD /1> 6.7 ms(8=-0.670,P=0.003) .,

23 Apod§AR#GZARI LI Apo FEHRAEANTE eGFR 4
S AT E L, BE YRS, ApoAl /K-
i R % (P<0.01) , 1fif ApoB 7K F i & Ft & (P=
0.008) , Ui ApoB/ApoA 1 HL{H 2 4 i (P=0.001) .
MHZ T, TC HDL-C 1 LDL-C 7£ = £H Ja] HL 45 22 5+ 44
TG4 X (P>0.05), W3,

2.4 KM

241 BARFHCMET MOCHE S BT 25 A R | B
B HRV 48415 ApoB/ApoA 1 (B ) 5 b 47 R ¢,
r SDNN #H 56 M 5 58 (r=—0.381, P<0.001) , RMSSD
W2 (r=-0.252, P=0.008), H$5H5"5 ApoB/ApoAl Lt
E AR SRR [ LF S 4% i 3 F A% (r=—0.174,
P=0.062) , KA 8 b T Ge 247 L . HRV $84r 5
eGFR ¥ &2 IE A G, H B8 48 A5 A OC 1 HE 58 . SDNN
55 eGFR A X1 % (r=0.486, P<0.01) ,RMSSD ¥k
(r=0.341, P<0.01), #IkFEH5 H{L LF 5 eGFR £ i

# 1E # 5& (r=0.198, P=0.028) . Apo & tx J7 Ifi ,
ApoAl 5 eGFR 2 & 3 1F #H 5¢ (r=0.398, P<0.01),
ApoB 5 eGFR £ 8 3 11 # 3¢ (r=-0.287, P<0.01) ,
ApoB/ApoAl H{H 5 eGFR & g 3 A% (r,=—0.389,
P<0.01), W54,

242 SrEHRYESHT $ eGFR K412 53T &
FL, SDNN 5 ApoB/ApoA 1 HC AR A AR S EAFAE B 8.1
YRR . FE=60 41, W A TG T B X
(r=—0.198, P=0.067) ; 1 30~ <60 Z1 SDNN 5 ApoB/
ApoAl HfH £ 7 A 5% (-=-0.356, P=0.001) ; 7£ <30 41
J5 SDNN 5 ApoB/ApoAl FUE 5 A& (r=—0.487, P=
0.003), £t Fisher's Z 2 #AG 50, I o3 2800 A Gt
7 U (7£=2.340, P=0.019).

25 3 RFw@ AL KK BN, eGFR,
ApoB/ApoAl FU{H AFIE BEIRIGIEFE . HbA . FISCAR
55 SDNN i Z M6 (P<0.10) , Bl Je B bR A8 H 430
YA ZITCERME AR, e B B G L
(F=24.573,P<0.01,R=0.378) . 45% R, fEJREE T
HAb R 24 I E J5 , 1L eGFR F1 ApoB/ApoAl Lt {H
& SDNN fy 2 37 52 1 Rl 26 (P<0.05) o eGFR &3 il
10 mL/(min + 1.73 m?) , SDNN 3 fill 5.67 ms; ApoB/
ApoAl A ARSI 0.1, SDNN /b 1.27 ms. AR |
B PR 9955 T2 FI Hb A, 76 8 38 At [ 2R 5 4 T 412
B (P>0.05), WS,

R2 ZHHHRVABIRILEL
Tab.2 Comparison of HRV indicators among three groups

WiH =6041(n=95) 30~<6041(n=118) <3041 (n=45) F/HH P

SDNN (ms)* 135.6+36.2 102.4+29.7° 86.3+24.8" 47.036 <0.001
RMSSD (ms)* 29.8+13.1 22.1+10.8 17.2+8.6" 22.005 <0.001
pNN50 (%)" 6.8(4.2,12.5) 5.1(2.8,9.6)° 3.2(1.4,6.8) 8.950 0.011
LF (ms*)" 956(742,1387) 731(568,1 089)" 596(423,842)° 12.380 0.002
HF (ms®)" 687(521,946) 578(442,748) 456(312,621) 7.820 0.020
LF/HF * 1.44+0.39 1.51+0.44 1.62+0.58 2.461 0.087

T B L s 255 BB LA M (04, Q) 675 5 =60 20 145, °P<0.05; 5 30~<60 2 b4, 'P<0.05,

3 4 ApofRtrtbE  (xxs)
Tab.3 Comparison of APO indicators among three groups

(x+s)
I T N
ApoAl(g/L) 1302 1.2£02°  1.1x0.2* 11.078 <0.001
ApoB(g/L) 0.9+0.3  1.0£0.3*  1.2+0.4" 10.925 <0.001
ApoB/ApoAl LLfE  0.7+0.2  0.9+0.3'°  1.1:x0.4" 24.542 <0.001
TC(mmol/L) 48+1.1 51«12 53x14  3.071 0.048
HDL-C(mmol/L)  1.2+0.3  1.1x0.3  1.0¢0.3  7.239 0.001
LDL-C(mmol/L) 29+0.8  3.1x0.9  3.2+1.0 2202 0.113

1 5=60 4 b4, "P<0.05; 5 30~<60 41 b4, "P<0.05,

R4 AT

Tab.4 Results of overall correlation analysis

e ApoB/ApoAl FL{H eGFR
rfH P{E {8 P{E
HRV #6541
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
ApoF&H5
ApoAl -0.612  <0.001 0.398 <0.001
ApoB 0.543  <0.001 -0.287 0.002
ApoB/ApoAl FEfH  1.000 — -0.389 <0.001
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Tab.5 Univariate and multivariate linear regression analysis of factors affecting SDNN

- LSy EASES N

- B SE Pl 95%CI 8 SE P& 95%CI

FEAS
eGFR 7.23 0.92 <0.001 5.42~9.04 5.67 121 <0.001 3.28~8.06
ApoB/ApoAl LU -18.45 4.74 0.001 -27.82~-9.08 -12.73 5.98 0.034 —24.48~-0.98
AR -0.89 0.30 0.003 -1.47~-0.31 -0.54 0.31 0.082 -1.15~0.07
BEIR -0.67 0.30 0.028 -1.27~-0.07 -0.23 0.28 0.412 -0.78~0.32
HbA,¢ -4.12 1.68 0.015 ~7.43~-0.81 -2.16 1.94 0.267 ~5.98~1.66
i -0.24 0.13 0.067 -0.50~0.02 — — — —

1 eGFRZE % T 10 mL/(min-1.73 m?) ,

3 3t

BT 1L R GE 53T AN [F] e GFR ZKF- 1 DKD (&
F 45" T HRV 5 ApoB/ApoA 1 HAH 22 (817715 535 1)
eGFR 73 JZ M G . 255 kI, Bifi 5 ' Dl fig %Ak
ApoB/ApoAT HLAELXSCHIE A AN T REIY 1 PRS2 10 2
WriGsE . AR R, B eGFR KT T K, DKD i
F I HRV 1545 SDNN FII RMSSD &t W 35 i i, ix
— & L5 Mylonopoulou 55 7E 2 A g 4 HH Y
1B — 0, ZAE N PR BT 75 2 00 3 R P 48
FERE R RE A AT REZ M EE R, AT
FEEE N B IR S O E A R 2D RER E 2 [RIAF
FEE R ER A BRI R (EA TR & AR
R I ApoB/ApoAl LU {HKE ' Dy Re b i 221k, Mife 4t
MLIEFEFR(TC HDL-C \LDL-C) /£ =4 0] 25 F 5 1127
B ATRERC ML T ApoB/ApoAl HLAEAE MR AR 15 35
BTLIEAEHE bR AR SR . HRV ARG S e 10 E
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