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INTRODUCTION 

Chronic kidney disease is more common in people 

suffering from diabetes and hypertension, but 12% of 

adults aged 65 years also suffer from chronic kidney 
disease despite the absence of diabetes and hypertension 

indicating some mechanisms of renal injury may be 

coming into play in general population.1  

Autonomic dysfunction is the least explored concept 

which can cause renal injury. The kidney’s vasculature, 

tubules and juxtaglomerular cells are innervated by 

sympathetic nerve terminals.2  

There is no standard method to measure autonomic 

dysfunction, only one indirect way of measuring would 

be by Heart rate variability (HRV) with 

electrocardiographic monitoring.3  

HRV can be quantified by examining the average heart 

rate and quantification of beat-to-beat variability (the SD 

of a patient's RR intervals). In most healthy young adults, 

resting heart rate will predictably accelerate and 

decelerate with the respiratory cycle. High resting heart 

rate and low HRV are associated with a host of adverse 

cardiovascular outcomes, as well as with precursors of 
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ABSTRACT 

 

Background: Chronic kidney disease is prevalent disease even in absence of diabetes and hypertension in 12% adults 

over 65 yrs of age. Autonomic imbalance is not studied in detail which could be a risk factor for chronic kidney 

disease.  

Methods: This Study was observational study in a tertiary care Hospital in pune, india and was conducted for a 

period of 1 year with sample size of 52. All subjects were known cases of chronic kidney disease from stage III to 

VD. All individuals of age >18yrs and eGFR ≤60ml/min/1.73m2 according to CKD- EPI equation were included in 

the study and who were not giving consent were excluded. 24 hrs Holter monitoring was done in stages from ckd 

stages III to V, for ckd stage VD on both Hemodialysis day and Non hemodialysis. Analysis was done using SPSS 
version 20 (IBM SPSS Statistics Inc., Chicago, Illinois, USA) Windows software program. The paired t test, analysis 

of variance (ANOVA) and Chi-square test were used. Level of significance was set at p≤0.05. 

Results: In this study when Heart rate variability (HRV) parameters were compared in different stages of ckd from 

stage III to VD (on Hemodialysis day) SDNN, SDNN Index were found to be statistically significant and on non 

Hemodialysis day SDNN Index was found to be statistically significant. In each subgroup of ckd stage V when 

diabetic subjects were compared with non-diabetic subjects, HRV parameters like ratio of P/S which was found to be 

low and significant in ckd stage V diabetic subjects. 

Conclusions: Chronic kidney disease itself can affect the HRV parameters. Causal relationship between HRV and 

chronic kidney diseases can be vice versa and further needs larger and prospective studies.  
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cardiovascular disease, including features of the 

metabolic syndrome.4-6 

Previous studies have found that patients with CKD have 

decreased HRV relative to those without CKD.7-10 

However, it is not known to what extent autonomic 
imbalance precedes the development of CKD. If 

autonomic imbalance precedes the development of 

chronic kidney disease, it may serve as a marker to 

identify patients at higher risk of developing ESRD.  

Aim of this study is to explore HRV parameters across 

various stages of CKD from stage III to VD. Objective is 

to compare HRV in different stages of CKD form stage 

III to VD and to compare HRV between DM and Non 

DM in CKD stage V. 

METHODS 

This Study was observational study in a tertiary care 

centre in pune, india. Study was conducted for a period of 
1 year from January 2018 to January 2019 with sample 

size was 52. All subjects were known cases of chronic 

kidney disease from stage III to VD. Study was 

conducted after informed consent from the subjects and 

approval from ethical committee. In the study Diabetes 

mellitus (DM) were considered as with HBa1c≥6.5 or 

subjects on oral hypoglycemic or insulin.11 24 hrs Holter 

monitoring was done on both Hemodialysis (HD) day and 

Non hemodialysis (non HD) day of CKD stage VD and in 

other stages of CKD from III to V.  

Inclusion criteria 

 All individuals of age >18yrs and eGFR 

<60ml/min/1.73m2 according to CKD- EPI 

equation.12  

 Exclusion criteria 

 All individuals of age <18 yrs and eGFR ≥60 

ml/min/1.73m2 according to CKD- EPI equation.12  

 All individuals not giving consent. 

All Subjects were allowed to do daily routine activities 

and not involve in strenuous exercises or activities. Three 

-lead electrocardiographic data were recorded for 24 h 

and were downloaded to the analyser. Holter software 
version 12.1.0010a was used for analysis. Manual 

analysis was used to review the ECG data to remove any 

artefacts. The data was coded and entered into Microsoft 

Excel spreadsheet. Analysis was done using SPSS 

version 20 (IBM SPSS Statistics Inc., Chicago, Illinois, 

USA) Windows software program. Descriptive statistics 

included computation of percentages, means and standard 

deviations.  

The paired t test (for quantitative data to compare before 

and after observations) and analysis of variance 

(ANOVA) (for quantitative data within groups) with post 

hoc Bonferroni test (intra-group comparison) were used 

for quantitative data comparison of all clinical indicators. 

Chi-square test used for qualitative data whenever two or 

more than two groups were used to compare. Level of 

significance was set at p≤0.05.  

RESULTS 

Of the 52 patients who were enrolled in the study, 

mean±SD of age in CKD stage III was 42.70±8.01, in 

CKD stage IV was 47.30±15.00, in CKD stage V was 

41.10±14.19, in CKD stage VD was 38.41±11.66. Mean 

SBP±SD in CKD stage III was 134±9.66, CKD stage IV 

was 130±16.30, CKD stage V 124.0±12.64, CKD stage 

VD 139.54±15.57 .Mean DBP±SD in CKD stage III was 

85.00±7.07, in CKD stage IV was 84.00±8.43, in CKD 

stage V 77.00±8.23, in CKD stage VD 86.36±10.93 

(Table 1). 

In this study 52 patients mean Hemoglobin±SD was 

lowest in subgroup CKD stage VD with 8.19±1.13, 

p=0.001. Mean serum creatinine±SD was highest in 

subgroup CKD stage VD with 8.39±2.0, p=0.001. Mean 

blood urea±SD was highest in CKD stage VD with 

104.4±14.9, p=0.001. Mean albumin±SD was lower in 

subgroup CKD stage V and not statistically significant. 

Mean sodium±SD was lower in subgroup CKD stage III 

and not statistically significant. Mean potassium±SD was 

higher in subgroup CKD stage VD and not statistically 

significant.  

Mean calcium±SD was lower in subgroup CKD stage VD 

and statistically significant. Mean phosphorous was 

higher in CKD stage VD and statistically significant. 

Mean uric acid±SD was higher in subgroups CKD stage 

V not statistically significant. Mean cholesterol±SD was 

highest in subgroup CKD stage V and statistically 

significant. Mean FBS±SD was higher in CKD stage V, 

101.80±19.44 and not statistically significant. Mean 

PPBS±SD was higher in subgroup CKD stage V and not 

statistically significant. Mean HBA1C±SD was higher in 

subgroups CKD stage IV, 6.27±1.21 and not statistically 

significant (Table 2). 

In this study of 52, SDNN (msec) mean±SD was lowest 

on HD day of CKD stage VD, 61.22±30.62 and 

statistically significant. SDANN index mean±SD was 

lowest on HD day of CKD stage VD, 55.27±27.49 and 

not significant. SDNN Index mean±SD was lowest on 

HD day of CKD stage VD, 24.54±13.53 and statistically 

significant. rMSSD (msec) mean±SD was lowest on HD 

day of CKD stage VD, 14.90±7.70 and not statistically 

significant. Heart rate/min mean±SD was lowest in CKD 

stage IV, 81.40±11.86 and not statistically significant. 

RR mean±SD was lowest in CKD stage V, 

697.36±105.90 and not statistically significant. Total 
power mean±SD in CKD stage VD was lowest, 

836.77±1007.15 and not statistically significant. ULF 

power mean±SD in CKD stage V was lowest, 4.29±3.32 

and not statistically significant. VLF power mean±SD on 
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HD day of CKD stage VD was lowest, 627.99±784.02 

and not statistically significant. LF power mean±SD on 

HD day of CKD stage VD was lowest, 153.31±214.36 

and not statistically significant. HF power mean±SD was 

lowest on HD day of CKD stage VD was 46.97±56.68 
and not statistically significant. LF/HF ratio mean±SD 

was lower in CKD stage IV, 3.03±3.60 and not 

statistically significant. Ratio P/S mean±SD was lowest 

in CKD stage III, 11.28±6.83 and not statistically 

significant. pNN50% mean±SD was lowest on HD day of 

CKD stage VD, 1.77±3.84 and not statistically significant 

(Table 3). 

 

Table 1: Base line demographic characteristics. 

 
CKD stage III 

n=10 

CKD stage IV 

n=10 

CKD stage V 

n=10 

CKD VD 

n=22 

Age(mean±SD) 42.70±8.01 47.30±15.00 41.10±14.19 38.41±11.66 

Gender 
Male 5 (50%) 7 (70%) 6 (60%) 17 (77.3%) 

Female 5 (50%) 3 (30%) 4 (40%) 5 (22.7%) 

SBP(mmHg) (mean±SD) 134±9.66 130±16.30 124.0±12.64 139.54±15.57 

DBP(mmHg) (mean±SD) 85.00±7.07 84.00±8.43 77.00±8.23 86.36±10.93 

eGFR(ml/min/1.73m2) (mean±SD) 41.90±9.55 20.70±4.05 10.10±2.28 7.22±2.04 

Diabetes mellitus 5 (50%) 4 (40%) 5 (50%) 6 (27.2%) 

Hypertension 0 2 (20%) 3 (30%) 15 (68.2) 

Table 2: Lab parameters. 

Lab parameters 

(mean±SD) 

CKD stage III 

n=10 

CKD stage IV 

n=10 

CKD stage V 

n=10 

CKD VD 

n=22 
p value 

Hemoglobin(g/dl) 9.91±1.11 8.30±1.09 8.60±1.24 8.19±1.13 0.001(S) 

Serum creatinine(mg/dl) 1.76±0.17 3.25±0.62 5.93±1.22 8.39±2.00 0.001 (S) 

Blood urea(mg/dl) 59.40±10.01 82.20±11.96 97.50±13.41 104.40±14.95 0.001 (S) 

Sodium(meq/l) 139.00±3.65 142.80±3.25 141.10±3.54 142.31±4.24 0.1 

Potassium(meq/l) 4.31±0.41 4.41±0.44 4.79±0.47 4.48±0.51 0.14 

Calcium(mg/dl) 8.93±0.41 8.19±0.63 8.14±0.34 8.12±0.49 0.001 (S) 

Phosphorous(md/dl) 4.70±0.76 6.50±1.91 5.89±1.44 6.31±0.63 0.03 (S) 

Uric acid(md/dl) 5.85±1.43 6.16±1.15 7.14±2.22 6.24±1.33 0.82 

Serum albumin(g/dl) 3.50±0.48 3.52±0.30 3.34±0.40 3.40±0.35 0.66 

Serum cholesterol(mg/dl) 139.30±38.91 152.00±27.99 175.30±41.15 140.59±17.28 0.02 (S) 

FBS 97.30±18.83 99.00±15.87 101.80±19.44 93.00±17.63 0.59 

PPBS 152.30±38.54 160.80±34.63 164.20±34.11 154.86±32.93 0.84 

HBA1C 6.02±1.03 6.27±1.21 6.26±1.07 6.00±1.01 0.87 

Table 3: Inter group comparison of heart rate variable parameters in different stages of CKD. 

HRV variables  CKD stage III CKD stage IV CKD stage V CKD stage VD Hd day  p 

SDNN 98.30±26.41 80.30±45.98 69.90±19.48 61.23±30.62 0.02 (S) 

SDANN index 73.90±27.30 66.80±39.35 57.10±19.77 55.27±27.49 0.34 

SDNN index 43.50±16.60 34.80±24.16 29.30±11.63 24.54±13.53 0.02 (S) 

rMSSD 21.60±7.57 22.80±15.13 20.50±10.33 14.90±7.71 0.12 

Mean HR/min 81.90±9.92 81.40±11.86 81.60±3.53 86.68±11.23 0.37 

Mean RR 788.13±92.87 726.16±128.84 697.36±105.90 701.71±120.48 0.22 

Total Power 1386.99±680.350 1675.47±2077.21 1023.62±590.03 836.77±1007.15 0.27 

ULF power 7.87±8.28 13.57±11.62 4.29±3.32 8.8136±9.60363 0.15 

VLF power 959.59±392.70 1118.32±1472.42 688.86±388.47 627.99±784.02 0.43 

LF 320.26±221.50 253.04±381.85 247.44±205.67 153.31±214.36 0.35 

HF 99.26±86.67 190.53±311.53 83.01±44.97 46.97±56.68 0.09 

LF/HF 4.12±2.64 3.03±3.60 3.89±2.71 3.77±4.73 0.92 

Ratio of P/S 11.28±6.83 21.18±26.97 16.24±10.25 20.47±22.74 0.61 

PNN50 3.90±4.75 6.90±10.98 5.10±5.59 1.77±3.84 0.17 
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In this study of 52, SDNN (msec) mean±SD on non HD 

day of CKD stage VD was lowest, 69.09±25.76 and not 

statistically significant. SDANN index mean±SD in CKD 

stage V was lowest, 57.10±19.77 and not statistically 

significant. SDNN Index mean±SD was lowest in non 

HD day of CKD stage VD, 26.36±10.70 and statistically 

significant. rMSSD (msec) mean±SD was lowest on non 

HD day of CKD stage VD,18.59±11.91 and not 

statistically significant. Heart rate/ min mean±SD was 
lowest in CKD stage IV, 81.40±11.86 and not statistically 

significant. RR interval mean±SD was lowest on non HD 

day of CKD stage VD, 683.49±93.02 and not statistically 

significant Total power ±SD was lowest on non HD day 

of CKD stage VD, 728.66±612.64 and not statistically 

significant. ULF power mean±SD was lowest in CKD 

stage V was 4.29±3.32 and not statistically significant. 

VLF power mean±SD was lowest on non HD day of 

CKD stage VD, 512.65±442.64 and not statistically 

significant. LF power mean±SD was lowest on non HD 

day of CKD stage VD, 145.55±178.08 and not 

statistically significant. HF power mean±SD was lowest 

on non HD day of CKD stage VD, 61.49±70.50 and not 

statistically significant. LH/HF mean±SD ratio was 
lowest in CKD stage IV, 3.03±3.60 and not statistically 

significant. Ratio P/S mean±SD was lowest on non HD 

day of CKD stage VD, 17.83±16.67 and not statistically 

significant. pNN50% mean±SD in CKD stage V was 

lowest, 4.12±2.64 and not statistically significant (Table 

4). In the subgroup CKD stage V out of 10, when diabetic 

and non-diabetic subjects were compared, there was no 

statistical significance in HRV parameters like 

SDNN,SDANN Index, SDNN index, rMMSD, HR, RR, 

Total power, ULF power, VLF, LF power, HF power, 

LF/HF ratio. Ratio P/S mean±SD in non-diabetics was 

23.26±8.65 and in diabetics was lower, 9.22±6.19 with 

p=0.01 and statistically significant (Table 5).

 

Table 4: Inter group comparison of heart rate variability parameters in different stages of CKD. 

HRV 

parameters 
CKD III CKD IV CKD V 

CKD stage VD 

Non HD day 
P  

SDNN 98.30±26.41 80.30±45.98 69.90±19.48 69.09±25.76 0.07 

SDANN index 73.90±27.30 66.80±39.35 57.10±19.77 62.18±23.69 0.54 

SDNN index 43.50±16.60 34.80±24.17 29.30±11.63 26.36±10.70 0.02 (S) 

rMSSD(msec) 21.60±7.57 22.80±15.13 20.50±10.33 18.59±11.91 0.78 

Mean HR/min 81.90±9.92 81.40±11.86 81.60±3.53 87.13±11.31 0.3 

Mean RR 788.13±92.82 726.16±128.84 697.36±105.89 683.49±93.02 0.7 

Total power 1386.99±680.351 1675.47±2077.21 1023.62±590.03 728.66±612.64 0.1 

ULF power 7.87±8.28 13.57±11.62 4.29±3.32 8.93±11.82 0.24 

VLF power 959.59±392.70 1118.32±1472.42 688.86±388.47 512.65±442.64 0.14 

LF 320.26±221.50 253.04±381.85 247.44±205.677 145.55±178.08 0.26 

HF 99.26±86.67 190.53±311.53 83.01±44.97 61.49±70.50 0.16 

LF/HF 4.13±2.64 3.03±3.60 3.89±2.70 3.75±4.85 0.93 

Ratio P/S 11.28±6.83 21.18±26.97 16.24±10.25 17.83±16.67 0.61 

PNN50 3.90±4.74 6.90±10.98 5.10±5.59 4.32±8.63 0.82 

Table 5: Comparison of non DM with DM in CKD V. 

HRV parameters Non DM(n=5) DM(n=5) p 

SDNN 66.40±24.03 73.40±15.66 0.6 

SDANN Index 52.80±24.24 61.40±15.69 0.52 

SDNN Index 27.20±12.54 31.40±11.67 0.59 

rMMSD 16.20±8.01 24.80±11.38 0.2 

Mean HR/min 82.00±5.15 81.20±1.09 0.74 

Mean RR 696.48±119.06 698.24±105.15 0.98 

Total Power 984.14±626.90 1063.10±621.62 0.84 

ULF 2.70±1.28 5.88±4.10 0.13 

VLF 677.94±445.69 699.78±374.98 0.93 

LF 246.52±159.93 248.36±263.82 0.99 

HF 56.96±33.77 109.06±41.39 0.06 

LF/HF 5.28±2.42 2.50±2.41 0.1 

P/S 23.26±8.65 9.22±6.19 0.01 (S) 

pNN50% 2.40±2.88 7.80±6.61 0.13 

DM- Diabetes mellitus 
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DISCUSSION 

Almost all subjects of CKD stage VD group were on 1 or 

more antihypertensive Previous studies suggested that 

short-acting DHP-CCB (dihyrdopyridine-calcium 

channel blocker) was associated with increased risk of a 

cardiovascular event which might be due to reflex 

activation of sympathetic nerve activity caused by 

excessive and rapid reduction of BP.13-15 There still exists 

controversy whether amlodipine can cause increase HR 
by activating sympathetic system.16-18 In this study all 

subjects were on amolidpine as calcium channel blocker 

and majority of subjects on antihypertensives were on 

maintenance hemodialysis. 

In this study, when authors compared different stages of 

CKD with CKD stage VD, on HD day authors found 

SDNN (msec) mean±SD which was lowest in CKD stage 

VD and statistically significant. SDNN Index mean±SD 

which was statistically significant lowest in CKD stage 

VD. Remaining HRV parameters were not found to be 

significant. This study was not a long term follow up 
study and it couldn’t comment on cardiovascular 

mortality. In previous studies done by Longenecker et al, 

they analysed the association between HRV and 

atherosclerotic cardiovascular (CV) disease in subjects on 

chronic HD and found low HRV parameters like SDNN, 

SDANN were strongly associated with atherosclerotic 

CV disease.19 Oikawa et al, showed in their study that 

low SDNN was related with Cardiovascular mortality in 

HD patients and LF,HF and LF/HF were low in in 

patients who died.20 

A study done by Ferrario et al, had found patients with 

low hydration status before HD showed an increased in 
LF after HD, whereas no significant change in LF was 

seen in high hydration status before HD.21 This might be 

due to reduction in central volume in patients during 

dialysis with lower hydration status, which could lead to 

increased intensive oscillation of LF.  

In previous studies ΔLF% was useful and stronger than 

other HRV parameters before HD in predicting overall 

and CV mortality in HD patients. LF component of HRV 

correlates with the interaction of baroreflexes with 

peripheral vasomotor activity via the parasympathetic and 

sympathetic system. Previous studies have reported that 
low LF before HD was associated with adverse CV 

outcomes and LF increased after HD procedure.20,22 

Barnas et al, had found also evaluated the change in 

autonomic nervous system during HD.23 They found an 

increase in LF during non-hypotensive dialysis, but 

decreased during hypotensive dialysis. In this study there 

were very few hypotensive episodes for the patients on 

Hemodialysis and could not be analysed.   

Hathway et al, study showed that, there was severe 

autonomic dysfunction in ESRD patients who were on 

conservative therapy.24 Previous study showed that 

patients stage 5 CKD had a lower LFnu/HFnu ratio than 

those with stage 3, suggesting that ANS response 

worsens as the disease progresses. This data is in 

accordance with the study of Banavandan et al, which 

studied patients with a median GFR of 23 ml/min/1.73 
m2 and identified a positive correlation between ANS 

dysfunction and low GFR but this study did not show any 

significance even though LF/HF was progressively 

declining in only diabetic subjects as the CKD stage 

progresses.25 

This study showed HRV parameters were lowest in CKD 

stage VD and is in concordance with previous studies. 

Vita et al, studied ESRD patients undergoing 

hemodialysis and found autonomic dysfunction in 53% of 

patients by HRV.26 In this study of 52, authors compared 

different stages of CKD and CKD stage VD on non HD 

day authors found Mean SDNN Index mean±SD was 
26.36±10.70 with p=0.02 which was significant lowest in 

CKD stage VD. Remaining parameters were not found to 

be statistically significant.  

In the sample out of 10 patients in CKD stage V, 5 were 

diabetics Ratio P/S mean±SD in non DM was 23.26±8.65 

and in DM was 9.22±6.19 with p=0.01 which was 

significantly lower in diabetic group.  

Previous studies demonstrated a autonomic imbalance in 

both diabetic and non‐diabetic uraemic patients compared 

with non‐uraemic diabetic patients and controls.24,27,28 

The autonomic dysfunction was characterized by constant 

presence of sympathetic activity which was significantly 

associated with sudden death and increased mortality 

after myocardial infarction and the occurrence of 

ventricular arrhythmia.29-31  

As previous studies suggest there was an improvement in 

uraemic neuropathy after initiation of hemodialysis, 

probably because the toxic effect of uraemia is 

removed.32 However, diabetic neuropathy is not 

improved by haemodialysis.33 This difference after 

initiating hemodialysis indicates that non‐diabetic CKD 

subjects have inherently a different autonomic response 

to hemodialysis. However this study was confined only to 

exploring HRV parameters in diabetics and not with 

severity or changes with neuropathy.  

Limitations of the study was a single centered study and 

with a small sample size. This study was not a long term 

follow up study to establish the association of autonomic 

dysfunction in CKD and its prognosis. Majority of 

subjects were on anti-hypertensive medication which 

could have affected the HRV. 

CONCLUSION 

Hemodialysis itself could have affected HRV parameters. 

However there was no significant difference between 

hemodialysis day and non hemodialysis day even though 

lower HRV was found on hemodialysis day. In chronic 
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kidney disease diabetes may be a significant factor which 

may affect autonomic balance as this study suggests. 

Recommendation 

A large sample size and long term follow up study would 

have given a better understanding of effect of Heart rate 

variability in chronic kidney disease. 
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