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Abstract: The aim of the study was to identify the association between heart rate variability (HRV) and renal func-
tion in hypertensive patients. A total of 195 nondiabetic hypertensive patients without evident renal impairment 
were included in the present cross-sectional observational study. HRV was assessed for the entire 24 hours, and 
biomarkers of renal function including serum levels of creatinine, urea nitrogen, uric acid, and estimated glomerular 
filtration rate (eGFR) were measured. Association between HRV and renal function parameters was identified by 
univariate correlation analysis, stepwise multivariate linear regression analysis and binary Logistic regression analy-
sis. Patients with depressed HRV (SDNN < 100 ms) had higher serum levels of urea nitrogen, creatinine, and uric 
acid as well as decreased eGFR values compared with patients with normal HRV (SDNN ≥ 100 ms). After adjusting 
for compounding factors, only eGFR remained positively correlated with SDNN (beta = 0.534, P < 0.01). Moreover, 
eGFR is an independent variable predicting the presence of depressed HRV (OR = 0.959 [0.931, 0.989]) according 
to logistic analysis. Our results indicate that declined HRV parameter SDNN is associated with declined renal func-
tion in essential hypertension. 

Keywords: Heart rate variability, renal dysfunction, hypertension, autonomic dysfunction, glomerular filtration rate, 
uric acid

Introduction

Renal damage is one of the leading target 
organs damaged by hypertension [1, 2]. Au- 
tonomic dysfunction characterized with increa- 
sed sympathetic activity and sympathetic-para-
sympathetic imbalance is reported to be in- 
volved in diabetic nephropathy [3]. Relatively 
speaking, whether autonomic dysfunction is 
associated with hypertension-induced renal 
dysfunction has been less clear. 

Heart rate variability (HRV) is a practical and 
convenient way to evaluate cardiac autonomic 
function using standard electrocardiographic 
monitoring. Suppressed HRV (SDNN < 100 ms) 
has been used as a marker of cardiac auto-
nomic dysfunction and an independent prog-
nostic factor of cardiovascular diseases [4]. 
Studies have demonstrated that HRV is a pre-
dictor of adverse renal outcomes in patients 
with non-dialysis and dialysis chronic kidney 

diseases [5, 6]. Similarly, in diabetic patients, 
studies have reported that decreased HRV  
is associated with increased albuminuria and 
lower estimated glomerular filtration rate (eG- 
FR) at baseline, which predicted subsequently 
declined eGFR [7, 8]. However, there has been a 
paucity of studies on the association between 
HRV and renal function in essential hyperten-
sive patients without evident renal impairment. 
In this study, we aim to determine the associa-
tion between HRV and renal function in a cohort 
of 195 nondiabetic hypertensive patients with-
out evident renal impairment.

Materials and methods

Study population

This was a cross sectional study. The total sam-
ple was consecutively recruited at Cardiology 
Department of Shandong University of Tra- 
ditional Chinese Medicine from 2014 to 2017, 
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and composed of 195 patients with essential 
hypertension. Hypertension was diagnosed 
according to guidelines [9], defining as systolic 
BP (SBP) ≥ 140 or diastolic BP (DBP) ≥ 90 
mmHg, and patients on anti-hypertensive treat-
ment were also considered as hypertensive, 
regardless of their BP values. Exclusion criteria 
for the present analysis were: Patients with 
secondary hypertension, old or acute myocar-
dial infarction, diabetes mellitus, acute and 
chronic heart failure, cancer, liver cirrhosis 
and/or failure, moderate-to-severe renal dys-
function (eGFR < 60 mL/min/1.73 m2), narcot-
ics abuse, thyroid disease, mental illness 
(depression, anxiety, schizophrenia and moder-
ate to severe insomnia), sleep apnea hypopnea 
syndrome, history of gastrointestinal bleeding 
and acute renal injury (within 12 months), and 
recent history of use of nephrotoxic drugs or 
contrast agents (within 6 months). All of the 
patients gave informed consent to participate 
in this research project, which was approved by 
the Ethics Committee of Shandong University 
of Traditional Chinese Medicine.

Clinical parameters

As has been previously described, comprehen-
sive demographic characteristics including sex, 
age, smoking, alcohol intake, past history of 
diseases, and medications before enrollment 
were investigated by a pre-designed and pre-
tested questionnaire.

Body weight, BP, abdomen ultrasound and car-
diac ultrasound were analyzed and recorded at 
the first day of hospitalization. Measurement of 
BP was performed after a 10 minute period of 
rest using an electronic sphygmomanometer 
(HEM-7071, OMRON Healthcare cooperation, 
China), and two BP readings were taken from 
both arms at 30 second intervals between 
08:00 and 09:00 AM on the second morning 
after hospital admission. Simultaneously, fast-
ing venous blood was drawn on the second 
morning after hospital admission for biochemi-
cal parameters including fasting plasma glu-
cose, creatinine, urea nitrogen, uric acid, lipid 
profile, homocysteine, and thyroid hormone 
(Free T3 and T4). Samples were centrifuged 
and serum was separated within 30 minutes of 
collection and stored at -20°C until analyzed. 
The analyses were performed in the clinical bio-
chemical laboratory in our hospital by AU5400 

automated analyzer (Olympus, Tokyo, Japan), 
and reference ranges are those used by the 
laboratory. Serum urea nitrogen and uric acid 
levels were measured using uric acid enzymatic 
assay kits and urea nitrogen enzymatic assay 
kits (Beckman Coulter, Inc, Suzhou, China), and 
serum creatinine levels were measured using 
creatinine PAP FS (Diasys diagnostic system 
co., LTD, Shanghai, China). eGFR was calculat-
ed by the Chronic Kidney Disease Epidemiology 
Collaboration (CKD-EPI) equation [10]: 

Heart rate variability

Patients were given 24-hours for the ECG Holter 
recording. The recorders were applied between 
9:00 and 11:00 AM on the second day after 
hospital admission, and patients were asked to 
follow as closely as possible their usual daily 
activities during each monitoring session. As 
described in our previous study [11], long trac-
ings were recorded and independently ana-
lyzed by an experienced operator masked to 
patients’ clinical status using a JincoMed Holter 
System (MIC-3H-3L, Jinco Medical Equipment 
Company, Beijing, China). HRV was assessed 
for the entire 24 hours in both the time- and 
frequency-domain analysis. After classifying 
the QRS morphology, the RR intervals were con-
firmed manually until no QRS sequence was 
incorrectly labeled. Traces were checked to 
ensure R-waves were adequately identified 
from artifacts and ectopic beats, and sequenc-
es with normal QRS characteristics were ana-
lyzed for HRV analysis. Time-domain HRV analy-
sis parameters were 1) SDNN: standard 
deviation of all of the RR intervals between two 
normal QRS complexes; 2) RMSSD: root mean 
square successive difference between each 
value and the preceding value. Fast Fourier 
transformation was used to convert the differ-
ent successive RR intervals in the frequency 
domain. Data were analyzed in 10-minute 
epochs throughout the 24 hours and the results 
from all epochs were averaged to form a com-
posite spectrum. The amplitudes of the follow-
ing frequency-domain HRV parameters were 

Serum 
creatinine 
(umol/L)

eGFR (mL/min/1.73 m2)

Female ≤ 62 GFR = 144 × (Scr/62)-0.329 × (0.993)Age

> 62 GFR = 144 × (Scr/62)-1.209 × (0.993)Age

Male ≤ 80 GFR = 144 × (Scr/80)-0.411 × (0.993)Age

> 80 GFR = 144 × (Scr/80)-1.209 × (0.993)Age



HRV predicts decreased renal function

11040	 Int J Clin Exp Med 2018;11(10):11038-11046

parameters (SDNN, 
RMSSD, LF, HF and 
TP) and biomarkers 
of renal function 
(serum levels of cre-
atinine, urea nitro-
gen, uric acid, and 
eGFR. According to 
the results of univari-
ate correlation analy-
sis, stepwise multi-
variate linear regres- 
sion analysis (inclu-
sion at 0.05 and 
exclusion at 0.01) 
was employed to find 
out the independent 
predictors of renal 
function parameters. 
Binary Logistic regre- 
ssion analysis was 
also performed to 
identify significant in- 
dependent related 
factors for suppre- 
ssed HRV. Possible 
compounding facto- 
rs including clinical 
variables (age, sex, 
body weight, smok-
ing, alcohol drinking), 
history of ischemic 
heart disease and 
stroke, heart rate, 
SBP and DBP, medi-

Table 1. Clinical characteristics of patients with SDNN < 100 ms and SDNN 
≥ 100 ms

SDNN < 100 ms  
(n = 95)

SDNN ≥ 100 ms  
(n = 100) p

Male/Female 47/48 40/60 0.197
Age (yeas) 68.19 ± 10.53 64.52 ± 10.74 0.017*

Body weight (Kg) 67.25 ± 10.06 67.94 ± 11.11 0.449
Heart rate (bpm) 73.24 ± 15.26 66.47 ± 10.52 < 0.001*

Systolic blood pressure (mmHg) 145.45 ± 13.69 140.55 ± 14.01 0.014*

Diastolic blood pressure (mmHg) 82.11 ± 11.03 79.92 ± 11.37 0.175
Left ventricular ejection fraction (%) 61.68 ± 9.65 66.22 ± 5.15 0.019*

Stable angina pectoris (Yes/No) 71/24 74/26 1.000
Stroke (Yes/No) 25/70 19/81 0.235
Smoking (Yes/No) 42/53 40/60 0.565
Alcohol intake (Yes/No) 51/44 44/56 0.198
Total cholesterol (mmol/L) 4.73 ± 1.12 4.79 ± 1.18 0.688
Triglycerides (mmol/L) 1.68 ± 1.04 1.51 ± 1.09 0.261
LDL-cholesterol (mmol/L) 2.81 ± 0.97 2.88 ± 0.90 0.569
HDL-cholesterol (mmol/L) 1.08 ± 0.26 1.20 ± 0.68 0.121
Fasting blood glucose (mmol/L) 5.86 ± 1.25 5.61 ± 0.99 0.122
Homocysteine (umol/L) 15.87 ± 6.87 13.07 ± 4.95 0.001*

Medications before enrollment
    Antiplatelet drugs (Yes/No) 61/34 62/38 0.768
    β-Blockers (Yes/No) 36/59 33/67 0.549
    ACEI or ARB (Yes/No) 39/56 51/49 0.196
    Calcium channel blockers (Yes/No) 31/64 35/65 0.763
    Diuretics (Yes/No) 35/60 34/66 0.765
    Statins (Yes/No) 56/39 57/43 0.885
All values are given in mean ± SD. Continuous variables were compared using independent-
sample student’s t test. Categorical variables were compared using the Chi-square test. *P < 
0.05 was considered significant.

measured: very low frequency (VLF, 0.0033-
0.004 Hz), low frequency (LF, 0.04-0.25 Hz), 
high frequency (HF, 0.25-2.5 Hz), and total 
power (TP, 0-2.5 Hz).

Statistical analysis

Statistical analyses were performed as de- 
scribed previously [11]. For study purposes, dif-
ferences in characteristics between partici-
pants with SDNN < 100 ms (suppressed HRV) 
and those with SDNN ≥ 100 ms (normal HRV) 
were compared using Students’ T-test for con-
tinuous variables and Chi-square test for 
dichotomous variables. This cut-off for SDNN 
has been reported to be a marker of autonomic 
dysfunction and a predictor of mortality in 
patients after myocardial infarction [4, 12, 13]. 
Pearson’s or Spearman’s analyses were per-
formed to identify the correlation between HRV 

cal therapy (antiplatelet drugs, β-blockers, 
ACEI/ARB, calcium channel blockers, diuretics, 
and statins), laboratory parameters (fasting 
blood sugar, triglycerides, total cholesterol, 
LDL-C, HDL-C, homocysteine, Free T3 and T4) 
and eGFR were regarded as independent vari-
ables. Differences were considered significant 
at the two-sided P < 0.05. Analyses were per-
formed using SPSS 20.0 (SPSS Inc, Chicago, IL, 
USA).

Results

Baseline population characteristics

Table 1 showed the comparison of characteris-
tics between the 95 patients with suppressed 
HRV and the 100 patients with normal HRV as 
a cutoff of 100 ms for SDNN [4]. Relative to 
patients with normal HRV, those patients with 
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Figure 1. Biomarkers of renal function of patients with low HRV (SDNN < 100 ms) versus patients with normal HRV 
(SDNN ≥ 100 ms). Compared by use of independent- sample Student’s T-test or the Mann-Whitney U test.

suppressed HRV were older (P < 0.05), and 
they had elevated SBP (P < 0.05), heart rate 
and serum levels of homocysteine (P < 0.01) 
and decreased left ventricular ejection fraction 
(P < 0.05). 

Figure 1 shows the comparison of renal func-
tion parameters between the two groups. 
Compared with patients with normal HRV, 
patients with suppressed HRV had relatively 
increased blood levels of urea nitrogen (5.38 ± 
1.68 vs. 4.88 ± 1.48 mmol/L, P < 0.05), creati-
nine (66.22 ± 16.27 vs. 60.77 ± 13.8 umol/L, 
P < 0.05) and uric acid (319.91 ± 86.79 vs. 
292.79 ± 67.18 umol/L, P < 0.05). Moreover, 
those patients with suppressed HRV had lower 
values of eGFR than patients with normal HRV 
(89.87 ± 14.23 vs. 95.95 ± 11.12 mL/min/1.73 
m2, P < 0.01).

Relationship between HRV parameters and 
biomarkers of renal function

Table 2 shows univariate analyses between 
HRV parameters and biomarkers of renal func-

tion. SDNN were inversely correlated with blood 
levels of urea nitrogen, creatinine and uric acid 
(P < 0.01), while positively correlated with eGFR 
(P < 0.01). No relationship was found between 
RMSSD and any the renal function parameters. 
In addition, Spearman’s analyses show that 
HRV frequency-domain parameter LF was posi-
tively correlated with eGFR (P < 0.05), and HF 
(P < 0.01) and TP (P < 0.05) were inversely cor-
related with blood levels of creatinine. 

After adjusting possible confounding factors 
including clinical variables (age, sex, smoking, 
body weight, alcohol drinking), history of isch-
emic heart disease, stroke, heart rate, SBP and 
DBP, medical therapy (Antiplatelet drugs, 
β-blockers, ACEI/ARB, Calcium channel block-
ers, Diuretics and statins), laboratory parame-
ters (blood fasting sugar, triglycerides, total 
cholesterol, LDL-C, HDL-C, homocysteine, Free 
T3 and T4), multiple linear regression analysis 
and logistic regression analysis were per-
formed. As shown in Table 3, positive associa-
tions between eGFR and SDNN remained sta-
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renal injury. Together 
with the results of prior 
results, these findings 
make it clear that de- 
creased autonomic mo- 
dulation is indeed relat-
ed to the declined renal 
function in essential-
hypertension patients.

Although both the renal 
injury and autonomic 
dysfunction are compli-
cations of hyperten-
sion, the complex inter-
action and cause-and- 

Table 2. Pearson’s and Spearman’s correlation analysis between HRV index and renal function pa-
rameters

Urea nitrogen (mmol/L) Creatinine (umol/L) Uric acid (umol/L) eGFR (mL/min/1.73 m2)
r p r p r p r p

SDNN -0.246 0.001 -0.339 < 0.001 -0.224 0.002 0.273 < 0.001
RMSSD -0.027 0.710 -0.100 0.165 -0.066 0.363 0.065 0.366
LF -0.020 0.782 -0.128 0.079 -0.005 0.951 0.172 0.018
HF -0.043 0.560 -0.194 0.008 -0.072 0.325 0.105 0.151
TP 0.054 0.567 -0.165 0.023 -0.085 0.241 0.142 0.050
Pearson’s analyses were performed between SDNN and RMSSD and renal function parameters; Spearman’s analyses were 
performed between LF, HF and TP and renal function parameters.

tistically significant (beta = 0.534, P < 0.01). 
Moreover, SDNN was also associated with 
heart rate, gender, SBP and blood levels of 
HDL-C. 

Consistent with the results of multiple linear 
regression analysis, binary logistic regression 
analysis revealed that increased blood levels  
of uric acid (OR = 1.006 [1.001, 1.011]) and 
decreased eGFR (OR = 0.959 [0.931, 0.989]) 
were independent variables relating the sup-
pressed HRV (Table 4).

Discussion

Recently, a large cross-study comprised 9600 
non-diabetic, never-treated hypertension indi-
viduals has demonstrated an association be- 
tween the coefficient of variation of heart rate 
(Cv = standard deviation × 100/mean value) 
and declined renal function [14]. In agreement 
with this result, our present study showed a 
robust inverse association between time-
domain HRV parameters SDNN and eGFR in 
195 hypertensive patients without evident 

effect relationship between them is scanty and 
perplexing in the process of essential hyperten-
sion. Theoretically, renal sympathetic nerve ter-
minals directly contact with renal vasculature 
and renal tubules [15], and modulate renal 
hemodynamics, tubular transport and renin 
secretion [16]. Indeed, a clinical study has indi-
cated that pure autonomic dysfunction contrib-
uted to elevated serum levels of creatinine and 
urea nitrogen and decreased eGFR compared 
with patients without autonomic failure [17]. In 
the development of hypertension, it has be- 
en demonstrated that sympathetic activity is 
already increased at earlier stages when renal 
function is not or only slightly impaired in hyper-
tension [18]. Prolonged sympathetic hyperac-
tivity can induce changes in intrarenal blood 
vessels by releasing catecholamines, which 
induce proliferation of smooth muscle cells and 
adventitial fibroblasts in the renal vascular wall 
[19, 20]. Additionally, renal sympathetic over-
activity leads to renal dysfunction through 
affecting filtration, secretion and reabsorption 
function [15, 21, 22]. With development of 

Table 3. Multivariate analysis of factors associated with SDNN in total 
sample
Independent 
variable

Dependent 
predictors

Unstandardized coefficient Standardized co-
efficient (beta) p

B SE
SDNN Heart rate -0.748 0.180 -0.297 < 0.001

Gender -17.915 4.704 -0.283 < 0.001
SBP -0.589 0.164 -0.260 0.001

eGFR 0.534 0.171 0.223 0.002
HDL-C 22.407 9.193 0.176 0.016

Clinical variables (age, sex, body weight, smoking, alcohol drinking), history of ischemic 
heart disease and stroke, heart rate, SBP and DBP, medical therapy (antiplatelet drugs, 
β-blockers, ACEI/ARB, calcium channel blockers, diuretics and statins), laboratory param-
eters (urea nitrogen, uric acid, fasting blood sugar, triglycerides, total cholesterol, LDL-C, 
HDL-C, homocysteine, Free T3 and T4) and eGFR were regarded as independent variables. 
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markers of renal function, as they 
reflect the tubular reabsorption 
function and glomerular filtration 
function. In the present study, we 
found that hypertensive patients 
with depressed HRV had lower 
eGFR and higher blood levels of 
urea nitrogen, creatinine and uric 
acid when compared with patients 
with normal HRV. The results of 
univariate correlation analyses 
showed that SDNN was positively 
correlated with eGFR and inversely 
correlated with blood levels of urea 
nitrogen, creatinine, and uric acid. 
After adjusting the compounding 
factors, only eGFR remained posi-

hypertension, the impaired kidney progressive-
ly exacerbates sympathetic excitation through 
increasing sodium retention and hypervolemia 
and activating the renin-angiotensin -aldoste-
rone system, which in turn result in elevated BP 
[23-25]. Thus, autonomic dysfunction charac-
terized by sympathetic over-excitation may be 
an important underlying mechanism of hyper-
tension-induced renal dysfunction.

HRV is determined by a complex interaction of 
sympathetic and parasympathetic activity. 
Decreased HRV is associated with autonomic 
dysfunction and a host of adverse outcomes in 
cardiovascular diseases and chronic kidney 
disease [26-28]. SDNN is the main parameter 
of time-domain analysis; it reflects the total 
modulation of both parasympathetic and sym-
pathetic nerve system, and a suppressed 
SDNN value (SDNN < 100 ms) usually indicates 
relative sympathetic dominance and inhibited 
parasympathetic activity [13, 29]. RMSSD and 
HF predominantly reflect parasympathetic 
modulation, while LF and LF/HF represent sym-
pathetic-parasympathetic balance. Moreover, 
LF has been variably though to represent sym-
pathetic activity by some reports [5, 30]. 

In clinical practice, GFR is considered the best 
overall index of kidney function in health and 
disease. In the present study, we used CKD-EPI 
equation to estimate the values of GFR, which 
is applicable to a variety of populations and 
clinical conditions, and improves the bias at 
higher levels of estimated GFR [10]. Additionally, 
the blood levels of urea nitrogen, creatinine 
and uric acid are always considered as the 

tively correlated with SDNN. Moreover, eGFR is 
an independent variable predicting the pres-
ence of depressed HRV according to the logis-
tic analysis. The present study was consistent 
with the retrospective analysis on a cohort of 
200 hypertensive patients performed by Paolo 
et al. [31]. In his study, it was shown that LF/HF, 
a marker of sympatho-vagal balance, was sig-
nificantly decreased in the groups with mild 
and moderate decreased eGFR, suggesting the 
involvement of autonomic imbalance in hyper-
tension-related renal dysfunction. Similarly, 
studies performed in patients with chronic kid-
ney diseases also suggested that lower fre-
quency-domain HRV parameters were associ-
ated with higher risk of progression to end-stage 
renal diseases [26, 32]. These results power-
fully supported that autonomic dysfunction is 
closely related to decreased renal function, or 
even renal damage. 

High uric acid levels have been associated with 
decreased renal perfusion and tubular secre-
tion of uric acid [33]. Another study has report-
ed that increased blood levels of uric acid were 
related with an accelerated progression of 
hypertension and development of end-organ 
injury [34]. In the present study, elevated uric 
acid levels were found to be associated with 
the presence of depressed HRV according to 
the results of logistic analysis. Consistently, in 
pre-hypertensive patients, it has been demon-
strated that uric acid inversely correlated with 
HRV parameters LF, suggesting uric acid is 
associated with sympathetic activity [35]. 
Nevertheless, the plausible mechanisms by 
which uric acid correlated with HRV parameters 
are not clearly known, it might be partly attrib-

Table 4. Binary logistic regression analysis results of the pos-
sible correlates for depressed HRV

B SE OR
95% CI

p
Lower Upper

Heart rate 0.052 0.018 1.053 1.017 1.090 0.003
SBP 0.031 0.014 1.031 1.003 1.060 0.028
Uric acid 0.006 0.002 1.006 1.001 1.011 0.011
eGFR -0.041 0.016 0.959 0.931 0.989 0.008
Fasting blood glucose 0.347 0.169 0.040 1.415 1.016 0.040
Clinical variables (age, sex, body weight, smoking, alcohol drinking), history of 
ischemic heart disease and stroke, heart rate, SBP and DBP, medical therapy 
(antiplatelet drugs, β-blockers, ACEI/ARB, calcium channel blockers, diuretics 
and statins), laboratory parameters (urea nitrogen, uric acid, fasting blood 
sugar, triglycerides, total cholesterol, LDL-C, HDL-C, homocysteine, Free T3 
and T4) and eGFR were regarded as independent variables. 
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uted to the increased sympathetic activity, 
because study has demonstrated that sympa-
thetic over-activity in hypertension decreased 
renal clearance of uric acid, leading to elevated 
plasma levels of uric acid [16]. 

Limitations

There are limitations that should be acknowl-
edged. First, the serum levels of uric acid, cre-
atinine and urea nitrogen were obtained at a 
single time-point. In order to reduce the fluctua-
tions, further study should measure these bio-
markers at several different time-point. Second, 
this is an observational study and any associa-
tions between HRV parameters and renal func-
tion parameters did not definitely prove causal-
ity. Nevertheless, this study elucidated that 
adverse HRV parameters are associated with 
declined renal function. Longitudinal analysis 
of hypertensive patients will determine possi-
ble early predictive value of HRV on hyperten-
sion-induced renal dysfunction.

Conclusion

In conclusion, using a simple, cheap and non-
invasive autonomic test, we have demonstrat-
ed that autonomic dysfunction is associated 
with declined renal function in essential hyper-
tension. This finding may be helpful to early 
detect and diagnose hypertension nephropa-
thy. Further research is needed to clarify the 
underlying mechanisms between autonomic 
dysfunction and decreased renal function in 
hypertension.
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