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Abstract

Background: Patients with chronic kidney disease (CKD) are at higher risk of cardiovascular disease. A dysfunctional
autonomic nervous system may be the underlying cause. However, very few studies have determined the status of
cardiac autonomic neuropathy (CAN) in both non-hemodialysis and hemodialysis CKD patients.

Objectives: The present study intended to determine and compare CAN in both non-hemodialysis and hemodialysis
CKD patients of primary renal diagnosis only and its correlation with the progression of the disease.

Methods: Non-hemodialysis and hemodialysis CKD patients (n = 23 in each group) of both sexes of 18 to 50 years were
recruited in this cross-sectional, observational study. Resting blood pressure and heart rate (HR) were measured, and
lead Il ECG was recorded for analysis of time- and frequency-domain measures of heart rate variability (HRV). Mann-
Whitney U test was applied to compare the variables between the two groups. Spearman correlation was conducted
to examine the relationship between variables and the stage of the disease (non-hemodialysis and hemodialysis CKD).
A 2-tailed p value < 0.05 was taken as the cutoff level of significance.

Results: Bodymassindex(BMI)wassignificantly higherinnon-hemodialysis patients (p = 0.008). RestingHRwasssignificantly
higher in the hemodialysis group (p = 0.001). Among HRV measures, standard deviation of RR intervals (SDRR; p = 0.0001),
standard deviation of successive differences (SDSD; p = 0.001), and root mean square of successive RR intervals (RMSSD;
p = 0.001) were significantly lower in the hemodialysis group. Peripheral blood pressure was not significantly different
between the two groups. Resting HR (r = 0.498, p = 0.001) was positively associated with the end-stage renal disease.
However, SDRR (r = —0.507, p = 0.001), RMSSD (r = —0.507, p = 0.001), and BMI (r = —0.427, p = 0.004) were
negatively associated with end-stage renal disease.

Conclusion: Altered autonomic function was more profound in hemodialysis patients as evidenced by increased resting
HR and decreased HRV measures (SDRR, SDSD, and RMSSD). Moreover, altered autonomic function was associated with
end-stage renal disease. Therefore, CKD patients may be screened for CAN for early detection of cardiovascular disease.
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Central lllustration: Cardiac Autonomic Neuropathy: An Emerging Cardiovascular Risk to Hemodialysis
and Non-Hemodialysis Chronic Kidney Disease Patients of Primary Renal Diagnosis
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Synopsis of the results of the present study

mortality in various diseases such as diabetes, CVD, and renal
disease.* Previous studies reported that lower HRV is associated
with a higher risk of CVD in patients with CKD on conservative
treatment in various stages of CKD.* However, very few reports
document the assessment of CAN as assessed by HRV in non-
hemodialysis CKD patients and hemodialysis CKD patients of
primary renal diagnosis. Therefore, the present study intended
to determine and compare CAN in non-hemodialysis and
hemodialysis CKD patients of primary renal diagnosis only and
its correlation with the progression of the disease.

Methods

This was a cross-sectional, single-center, observational
study. Diagnosed non-hemodialysis and hemodialysis CKD
patients with grade 1 through grade 5 (n = 23 in each group)
of 18 to 50 years of age of both sexes were recruited in the
present study. This study excluded patients suffering from
diabetic nephropathy, congenital renal anomaly, autoimmune
diseases and endocrine disorders affecting blood vessels, and
peripheral vascular disease. As the present study was part of
a larger study, the sample size was calculated on the basis of
a cognitive metric, i.e., P300 event-related potential, which is
the appearance of positive deflection in event-related brain
potentials following 300 ms of presentation of infrequent target
stimulus in a series of repeated stimuli. During sample size
calculation, the following criteria were considered: power of
90%, level of significance of 0.05, and dropout of 10%. Ethical
clearance was obtained from the Institute Ethics Committee
(IEC/AIIMS BBSR/PG thesis/2021-22/05). The investigators
adhered to the Declaration of Helsinki guidelines for the
conduct of the study. The study participants were recruited from
the outpatient Department of Nephrology for non-hemodialysis
patients and the dialysis unit of the Department of Nephrology
for hemodialysis patients, from a single center. A consultant
nephrologist diagnosed the patients with CKD based on the

criteria laid down by the National Kidney Foundation, USA,
KDIGO 2012.

Recording of cardiovascular parameters

The participants were requested to report at the Clinical
Physiology Laboratory in the Department of Physiology for
recording of cardiovascular parameters. They were asked
to refrain from physical exertion, drinking beverages, and
smoking 2 to 3 hours before the test. After obtaining their
consent in the prescribed proforma, their demographic profile,
anthropometric assessment, menstrual and parity history in the
case of female subjects, and relevant family and medication
history were recorded. Figure 1 displays the research protocol
followed in the present studly.

Recording of resting blood pressure and pulse rate

Brachial blood pressure of the study participants was
measured by digital sphygmomanometer following standard
protocol. Mean arterial pressure and pulse pressure were
derived from the data. The basal pulse rate of the patients
was also recorded.

Recording of lead Il ECG for analysis of HRV

Lead Il ECG was recorded with PowerLab 4/35 system (AD
system, Sydney, Australia) for 5 minutes. The ECG data were
digitized at a sampling frequency of 1 KHz. The data were
passed through a bandwidth filter in which the low-pass filter
was set at 50 Hz, and the high-pass filter was set at 0.3 Hz,
with the 50 Hz notch “ON.” The software detected R peaks
automatically. RR interval bin width was kept at 600 to 1200
ms. The ECG recording was checked visually to detect any
motion artifact and any missed R peak. After processing of
ECG signal, time-domain metrics, including normalized power
of low frequency band, normalized power of high frequency
band, and ratio of low frequency to high frequency power,
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Recruitment of patients

Group 1 (n =23)

(Non-hemodialysis CKD patients)

Group 2 (n = 23)
(Hemodialysis CKD patients)

Recording of resting HR, peripheral
BP, and HRV

Figure 1 - The study protocol followed in the present study

and frequency-domain analyses, including standard deviation
of RR intervals (SDRR), root mean square of successive RR
intervals (RMSSD), and standard deviation of successive
differences (SDSD), were performed by HRV software module
inherent to LabChart 8.>°

Statistical analysis

The data were subjected to the Shapiro-Wilk normality
test and found to be non-normally distributed. Continuous
variables were described using median and range due to
the lack of data normality, and categorical variables were
expressed as absolute frequencies. The Mann-Whitney
U test was applied to the data to compare the variables
between the two groups. Spearman correlation was done
to examine the relationship between variables and the stage
of the disease (non-hemodialysis and hemodialysis CKD).
A 2-tailed p value < 0.05 was taken as the cutoff level of
significance. The data were analyzed with the help of SPSS
software version 26 (SPSS Inc., Chicago, IL, USA).

Results

A total of 46 study participants were recruited in the
present study. Out of them, 23 study participants were non-
hemodialysis CKD patients, and another 23 subjects were
hemodialysis CKD patients. Table 1 show the sex- and age-wise
distribution of the study participants.

Body mass index (BMI) in kg/m? is an approximate measure
of body fat based on height and weight. The stratification
of the study participants based on BMI was done following
revised guidelines for BMI of Asian Indians.” The estimated
glomerular filtration rate (eGFR) of the study participants was
calculated as per the equation below.

eGFR = ([140 — age] X weight x 0.85 if female) /
(72 X serum creatinine)

The equation was adjusted for body surface area (BSA)
by 1.73m?/BSA, where age is in years, weight in kg, and
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Table 1 — Sex- and age-wise distribution of the study participants

Non-hemodialysis Hemodialysis
Parameters CKD group CKD group
(n=23) (n=23)

Male 17 21
Female

Obese

Underweight 5) 15
Normal weight 14 8

CKD: chronic kidney disease.

serum creatinine in mg/dl.® The anthropometric, clinical, and
biochemical data of the study participants were recorded and
presented in Table 2.

It is evident from Table 2 that BMI was significantly higher
in the non-hemodialysis CKD group than in the hemodialysis
CKD group (p = 0.008). The eGFR was significantly higher
in the non-hemodialysis CKD group than in the hemodialysis
CKD group (p = 0.0001).

The cardiovascular parameters of the study participants were
recorded and presented in Table 3.

It is evident from Table 3 that resting HR was significantly
higher in the hemodialysis CKD group than in the non-
hemodialysis CKD group (p = 0.001). Among HRV measures,
SDRR (p = 0.0001), SDSD (p = 0.001), and RMSSD (p = 0.001)
were significantly lower in the hemodialysis CKD group than
in the non-hemodialysis CKD group. The rest of the HRV
measures were not significantly different between the two
groups. Peripheral blood pressure was also not significantly
different between the two groups.

The Spearman correlation analysis has been presented in
Table 4.
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Table 2 - Anthropometric, clinical, and biochemical data of the study participants
Non-hemodialysis Hemodialysis
Parameters CKD group n=23) CKD group (n=23) p value
Median IQR Median IQR
Age (years) 42.00 37.00-46.00 32.00 24.00-42.00 0.025
Weight (kg) 49.00 45.00-58.00 49.00 41.40-51.70 0.206
Height (cm) 163.00 154.00-167.00 164.5 160.25-171.75 0.119
BMI (kg/m?) 19.60 18.70-21.80 17.10 15.80-19.60 0.008
eGFR (ml/min/1.73m?) 18.20 10.00-26.00 8.00 6.00-9.00 0.0001
Serum urea (mg/dl) 79.00 48.00-115.00 106.00 88.00-139.00 0.010
Serum creatinine (mg/dl) 4.20 2.30-5.90 9.00 7.88-10.96 0.0001
Hemoglobin level 10 8.3-11.0 9.9 8.55-10.50 0.617

The data are displayed as median and interquartile range. BMI: body mass index; CKD: chronic kidney disease; eGFR: estimated

glomerular filtration rate; IQR: interquartile range.

Table 3 - Cardiovascular parameters of the study participants

Parameters

HR (bpm)
PDBP (mmHg)
PSBP (mmHg)
SDRR (ms)
SDSD (ms)
RMSSD (ms)
LF (nu) (ms?)
HF (nu) (ms?)
LF/HF ratio

Non-hemodialysis
CKD group (n = 23)

Median
72
132
86
32.15
24.04
24.01
45.06
54.76
0.82

IQR
62-78
17-147
73-99
22.82-49.99
17.33-33.37
17.31-33.33
26.68-62.02
39.67-69.85
0.38-1.53

Hemodialysis
CKD group (n =23)
Median IQR

82.50 75-99.75
144 125.50-166.50
95.50 80.25-113.25
16.91 12.37-26.19
10.28 6.03-18.45
10.26 6.02-18.43
50.07 31.05-64.43
42.20 21.41-66.70
1.29 0.48-3.31

p value

0.001
0.131
0.068
0.0001
0.001
0.001
0.512
0.144
0.242

The data are displayed as median and interquartile range. CKD: chronic kidney disease; HF: high frequency: HR: heart rate; IQR:
interquartile range; LF: low frequency; PDBP: peripheral diastolic blood pressure; PSBP: peripheral systolic blood pressure;
RMSSD: root mean square of successive RR intervals; SDRR: standard deviation of RR intervals; SDSD: standard deviation of
successive differences.

Table 4 - Correlation matrix of Spearman correlation analysis

Group
BMI

HR
SDRR
SDSD
RMSSD

Group
1.000
-0.427
0.498
-0.575
-0.507
-0.507

1.000
-0.112
0.119
0.080
0.080

HR

1.000
-0.685
-0.648
-0.648

SDRR

1.000
0.868
0.868

SDSD RMSSD
1.000 1.000
1.000 1.000

p value

0.004
0.001
0.0001
0.001
0.001

BMI: body mass index; HR: heart rate; RMSSD: root mean square of successive RR intervals; SDRR: standard deviation of RR
intervals; SDSD: standard deviation of successive differences.

Int J Cardiovasc Sci. 2025; 38:e20240210
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The correlation table reveals that resting HR was positively
associated with the end-stage renal disease (ESRD). However,
SDRR, SDSD, and RMSSD were negatively associated with
ESRD. Moreover, BMI was negatively associated with the
progression of the disease. The Central lllustration depicts the
synopsis of the results of the present study.

BMI: body mass index; eGFR: estimated glomerular
filtration rate; RMSSD: root mean square of successive RR
intervals; SDRR: standard deviation of RR intervals; SDSD:
standard deviation of successive differences.

Discussion

The present study intended to determine CAN as assessed
by HRV in non-hemodialysis and hemodialysis CKD patients
of primary renal diagnosis. To this effect, 23 non-hemodialysis
and another 23 hemodialysis CKD patients were recruited in
the present study. HRV was recorded in those patients, and
the data were analyzed. BMI was significantly higher in the
non-hemodialysis group than in the hemodialysis group. A
previous study reported that over 80% of pre-terminal CKD
patients were overweight or obese. The same study concluded
that higher BMI was not a risk factor for predicting renal
replacement therapy in patients with CKD, irrespective of sex.’

Among the biochemical parameters, serum urea (p = 0.010)
and creatinine (p = 0.000) were significantly higher in
hemodialysis CKD patients than non-hemodialysis CKD
patients. An earlier report examined serum urea level’s
association with adverse cardiovascular events and death
before renal replacement therapy in patients with CKD.
The study suggested that serum urea predicts cardiovascular
outcomes beyond conventional cardiovascular risk factors.
High serum urea and creatinine levels may pose a greater
cardiovascular risk to hemodialysis CKD patients.

In the present study, both groups recorded resting HR,
peripheral blood pressure, and HRV for CAN assessment.
Resting HR was significantly higher in hemodialysis CKD
patients than in non-hemodialysis patients. This result indicates
that decreased parasympathetic activity and increased
sympathetic activity were more evident in hemodialysis CKD
patients. Among HRV measures, SDRR, SDSD, and RMSSD,
which indicate parasympathetic activity, were significantly
lower in hemodialysis CKD patients than in non-hemodialysis
CKD patients. However, other measures of HRV were not
significantly different between the two groups. Previous studies
have reported that low HRV is a significant and independent
marker of adverse clinical outcomes, encompassing
cardiovascular events and possibly even progression to ESRD
in patients with CKD.*

Furthermore, a study done on dialysis patients suggested
that low HRV may predict cardiovascular morbidity and
mortality in this cohort.'2 A cross-sectional study on patients
with CKD stages 3 to 5 analyzed the effects of declining GFR
on HRV and nocturnal blood pressure dipping. The study
concluded that cardiac sympathetic overdrive and decreased
parasympathetic activity were apparent in those patients.”> A
population-based study investigated the relationship between
low HRV and renal outcomes. Based on its results, the study
suggested that reduced HRV may be a complication of CKD

Int J Cardiovasc Sci. 2025; 38:€20240210

rather than a causal factor.' Overall, the results of the present
and earlier studies suggest the existence of altered autonomic
function in patients with CKD, and more so in hemodialysis
CKD patients.

The underlying mechanisms of the altered autonomic
function in patients with CKD are speculated to be
multifactorial and complex. On the one hand, decreased
parasympathetic activity'® and, on the other hand, heightened
sympathetic activity as evidenced by low HRV measures
(SDRR, SDSD, and RMSSD) and increased resting HR were
found in patients with CKD. This altered autonomic function
is more pronounced in hemodialysis CKD patients. The
multiple factors that may be responsible for such an altered
autonomic function are as follows: (1) a diseased kidney may
be responsible for increased activity of the renin-angiotensin-
aldosterone system, which may cause enhanced sympathetic
activity; (2) there may be enhanced central sympathetic
discharge because of chronic disease condition, which is a
stressful situation; (3) there may be decreased availability
of nitric oxide due to decreased activity of nitric oxide
synthase (NOS) enzyme. The increased accumulation of NOS
inhibitors (e.g., asymmetrical dimethylarginine) in kidney
disease may be responsible for such decreased activity of
NOS.2"%7 However, further studies are required to establish
the underlying mechanisms of deranged autonomic function
in patients with CKD.

Correlation analysis of the data showed that resting
HR was positively associated with ESRD. However, SDRR,
SDSD, and RMSSD were negatively associated with ESRD.
These results emphasize that altered autonomic function, as
evidenced by heightened sympathetic activity and decreased
parasympathetic activity, is associated with the progressive
stage of kidney disease. Therefore, CAN associated with the
progressive stage of renal disease may act as one of the major
cardiovascular risk factors, which may enhance cardiovascular
morbidity and mortality in those patients.

There are several limitations of the present study. It is an
observational study, so the cause-and-effect relation between
the parameters cannot be established based on the result.
The result of the present study cannot be generalized, as the
sample size is small. Therefore, a more significant number
of patients may be included in future studies to confirm the
results of the present study.

Conclusion

CAN, as measured by HRV, was determined and
compared between non-hemodialysis and hemodialysis
CKD patients of primary renal diagnosis only in the present
study, and its correlation with the progression of the disease
was also examined. The data analysis revealed more altered
autonomic function, as evidenced by increased resting HR
and decreased HRV measures (SDRR, SDSD, and RMSSD),
in hemodialysis than in non-hemodialysis CKD patients. A
correlation study showed that altered autonomic function
was associated with ESRD. It may be considered as one
of the cardiovascular risk factors beyond conventional
ones, which aggravate major cardiovascular events in the
future. Therefore, it would be beneficial for patients with
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CKD to undergo screening for CAN from the initial stage of
diagnosis, as preventive measures can be initiated to defer
major cardiac events. Furthermore, future studies may be
carried out to establish the underlying mechanisms of altered
autonomic function in patients with CKD.
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