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Diabetic neuropathy (DN), a common complication of diabetes mellitus, is associated with signicant 
morbidity and mortality, primarily due to its impact on autonomic dysfunction. One of the most widely 

used measures of autonomic function is heart rate variability (HRV), which reects the balance between the sympathetic and 
parasympathetic branches of the autonomic nervous system. This systematic review aims to synthesize the current evidence on 
the relationship between HRV and diabetic neuropathy, focusing on pathophysiological mechanisms, clinical implications, 
and potential therapeutic interventions. A comprehensive search of PubMed, Google Scholar, and Embase was conducted for 
studies published up to 2023. Keywords included "heart rate variability," "diabetic neuropathy," and "autonomic dysfunction," 
“T2DM”. Studies were included if they assessed HRV in diabetic patients with neuropathy and explored its relationship with 
disease severity or cardiovascular risk. Data were extracted on study design, participant characteristics, HRV measurement 
techniques, and key ndings. A meta-analysis was conducted as per PRISMA guidelines. A total of 10 studies met the inclusion 
criteria. Findings consistently indicated that patients with diabetic neuropathy show signicantly reduced HRV compared to 
those without neuropathy. Reduced HRV was strongly associated with increased severity of neuropathy and cardiovascular 
autonomic dysfunction. Kaneko, K., et al. (2013) [9]. Studies also demonstrated a potential predictive value of HRV for the 
progression of diabetic neuropathy. Moreover, interventions such as exercise and glycaemic control were found to improve HRV 
and, by extension, autonomic function in diabetic patients. Reduced HRV is a reliable marker of autonomic dysfunction in 
diabetic neuropathy and is associated with an increased risk of cardiovascular events. Clinically, HRV measurement may 
serve as a useful tool for monitoring the progression of diabetic neuropathy and assessing the effectiveness of interventions. 
Further randomized controlled trials are needed to establish the causal relationship between HRV and diabetic neuropathy 
and to explore the therapeutic potential of interventions aimed at improving HRV.
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INTRODUCTION:
Diabetic neuropathy (DN) is one of the most debilitating 
complications of diabetes mellitus, affecting a substantial 

 portion of patients with both type 1 and type 2 diabetes Fox CS.
[14] DN is a multifactorial condition that encompasses a 
range of sensory, motor, and autonomic dysfunctions. Among 
these, cardiovascular autonomic neuropathy (CAN) is of 
particular concern due to its association with increased 
mortality, particularly from cardiovascular diseases. (Ziegler 

 et al., 2015)[1], Bramble, T., et al. (2022)[11]

One of the critical mechanisms linking HRV reduction to 
diabetic neuropathy is the interplay of glycemic variability, 
oxidative stress, and nerve ischemia. Chronic hyperglycemia 
and uctuations in blood glucose levels can lead to glycemic 
variability, which causes endothelial dysfunction, promotes 
inammation, and worsens autonomic dysfunction. This, in 
turn, affects HRV by impairing both the sympathetic and 
parasympathetic branches of the autonomic nervous system 
(ANS). Furthermore, oxidative stress increases the production 
of free radicals, which damage nerve bers, leading to nerve 
i s c h e m i a .  I s c h e m i c  d a m a g e  t o  n e r v e s  r e d u c e s 
parasympathetic activity, contributing to lower HRV. These 
processes should be discussed in greater detail, focusing on 
how they specically impair autonomic regulation and HRV in 
diabetic patients.

Heart rate variability (HRV), the physiological variation in the 
time interval between consecutive heartbeats, is a non-
invasive marker of autonomic nervous system (ANS) function. 
The ANS, which controls involuntary bodily functions 
including heart rate, is often impaired in diabetic neuropathy 

  (Singh et al., 2021) [2], Laakso M. [15] Therefore, 
understanding the relationship between HRV and diabetic 
neuropathy is essential for early detection, risk stratication, 
and management of this condition.

This systematic review synthesizes current research on HRV in 

diabetic neuropathy, with a particular focus on the 
physiological mechanisms, clinical relevance, and 
implications for patient care. We aim to provide a 
comprehensive analysis of how HRV can serve as a marker of 
diabetic neuropathy progression, its potential as a 
therapeutic target, and the impact of interventions designed to 
improve autonomic function in these patients.

Search Strategy:
We performed a systematic search of PubMed, Google 
Scholar, and Embase to identify studies investigating the 
relationship between HRV and diabetic neuropathy. The 
following search terms were used: "Heart rate variability," 
"diabetic neuropathy," "autonomic dysfunction," and "diabetes 
mellitus." “T2DM”. Studies published from 2000 to 2023 were 
considered. Inclusion criteria were studies that (1) involved 
diabetic patients with neuropathy, (2) assessed HRV 
parameters (both time-domain and frequency-domain), and 
(3) focused on the clinical outcomes or pathophysiological 
implications of HRV. (As shown in Figure 1)
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Figure: 1 Search strategy and data extraction as per PRISMA 
guidelines

Data Extraction:
Data from eligible studies were extracted independently by 
two reviewers. Information was gathered on study design, 
sample size, HRV measurement methods (e.g., time-domain, 
frequency-domain),  key ndings, and limitations. 
Discrepancies were resolved through discussion, following 
PRISMA guidelines.

Statistical Analysis:
A meta-analysis was performed on studies that reported 
similar HRV parameters. Standardized mean differences 
(SMD) and 95% condence intervals (CIs) were calculated to 
assess the magnitude of HRV reduction in diabetic 
neuropathy patients compared to controls.

Below is a table summarizing the key ndings from the studies 
reviewed, including the statistical data related to heart rate 
variability (HRV) and diabetic neuropathy. This table 1 
includes various HRV parameters (time-domain and 
frequency-domain) and their statistical signicance in 
diabetic patients with neuropathy compared to those without 
neuropathy.

Table 1: Summary Of Key Findings On HRV In Diabetic 
Neuropathy Patients

Abbreviations:
SDNN: Standard deviation of normal-to-normal intervals
RMSSD: Root mean square of successive differences
LF: Low-frequency power
HF: High-frequency power
LF/HF Ratio: Ratio of low-frequency to high-frequency power

Interpretation Of Findings:
1.  Heart Rate Variability (HRV) Reduction in Diabetic 

Neuropathy:
All studies demonstrated signicantly reduced HRV (both 
SDNN and RMSSD) in patients with diabetic neuropathy 
compared to controls without neuropathy, indicating 
autonomic dysfunction. The reduction in HRV was most 
prominent in time-domain measures (SDNN and RMSSD), 
which reect overall parasympathetic tone and short-term 
heart rate variability.
  
2.  Frequency-Domain Findings:
The LF component was consistently higher in neuropathy 
patients, suggesting a shift toward sympathetic dominance in 

 autonomic control. (Singh et al., 2021; Ziegler et al., 2015)[2,1]

The HF component, which is primarily reective of 
parasympathetic activity, was reduced in neuropathy patients 
across multiple studies. (Kempler et al., 2018; Hayashi et al., 

 2019)[4.8]

3.  I mpact Of Interventions:
 Studies like Tanabe et al. (2020) [7], Bertrand, J., et al. 

(2016)[13],demonstrated that interventions such as exercise 
can signicantly improve HRV in patients with diabetic 
neuropathy, supporting HRV as a potential marker for 
treatment efcacy.
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Study HRV 
Meas
ure

Diabetic 
Neuropa
thy 
Group 
(n)

Contr
ol 
Grou
p (n)

HRV Findings Statistic
al 
Signic
ance (p-
value)

Venkat
araman 
et al. 

 (2020)
[3]

SDNN 
(ms)

90 (with 
neuropat
hy)

100 
(no 
neuro
pathy)

SDNN 
signicantly 
reduced in 
neuropathy group 
(mean: 45.3 ms 
vs. 82.1 ms)

p < 
0.001

RMSS
D (ms)

90 100 RMSSD lower in 
neuropathy group 
(mean: 23.4 ms 
vs. 45.6 ms)

p < 
0.001

Singh 
et al. 

 (2021)
[1]

SDNN 
(ms)

120 (with 
neuropat
hy)

120 
(no 
neuro
pathy)

SDNN lower in 
neuropathy group 
(mean: 48.5 ms 
vs. 88.2 ms)

p < 0.01

LF 
(ms²)

120 120 Higher LF in 
neuropathy group 
(mean: 640 ms² 
vs. 450 ms²)

p = 0.02

Li et al. 
 (2017)

[5]

SDNN 
(ms)

110 (with 
neuropat
hy)

110 
(no 
neuro
pathy)

SDNN reduced in 
neuropathy group 
(mean: 52.1 ms 
vs. 75.6 ms)

p < 
0.001

RMSS
D (ms)

110 110 RMSSD 
signicantly 
reduced in 
neuropathy group 
(mean: 24.6 ms 
vs. 47.2 ms)

p < 
0.001

Kemple
r et al. 

 (2018)
[4]

HF 
(ms²)

100 (with 
neuropat
hy)

100 
(no 
neuro
pathy)

HF reduced in 
neuropathy group 
(mean: 115 ms² 
vs. 305 ms²)

p = 
0.005

LF/HF 
Ratio

100 100 LF/HF ratio 
increased in 
neuropathy group 
(mean: 1.5 vs. 1.0)

p = 0.01

Sato et 
al. 

RMSS
D (ms)

150 (with 
neuropat

150 
(no 

RMSSD 
signicantly 

p < 
0.001

 (2021)
[6]

hy) neuro
pathy)

lower in 
neuropathy group 
(mean: 20.1 ms 
vs. 42.5 ms)

SDNN 
(ms)

150 150 SDNN lower in 
neuropathy group 
(mean: 50.2 ms 
vs. 80.0 ms)

p < 
0.001

Tanabe 
et al. 

 (2020)
[7]

SDNN 
(ms)

80 (with 
neuropat
hy)

80 (no 
neuro
pathy)

Post-exercise 
SDNN 
improvement 
(mean: 55.3 ms 
vs. 48.1 ms)

p = 0.04

RMSS
D (ms)

80 (pre-
exercise)

80 
(post-
exerci
se)

RMSSD improved 
after exercise 
(mean: 26.8 ms 
vs. 22.4 ms)

p = 0.03

Ziegler 
et al. 

 (2015)
[1]

SDNN 
(ms)

110 (with 
neuropat
hy)

110 
(no 
neuro
pathy)

SDNN 
signicantly 
lower in 
neuropathy group 
(mean: 50.5 ms 
vs. 78.9 ms)

p = 0.02

LF 
(ms²)

110 110 LF increased in 
neuropathy group 
(mean: 610 ms² 
vs. 420 ms²)

p = 0.01

Hayash
i et al. 

 (2019)
[8]

HF 
(ms²)

100 (with 
neuropat
hy)

100 
(no 
neuro
pathy)

HF reduced in 
neuropathy group 
(mean: 120 ms² 
vs. 260 ms²)

p = 0.03

Kemple
r et al. 

 (2020)
[4]

RMSS
D (ms)

150 (with 
neuropat
hy)

150 
(no 
neuro
pathy)

RMSSD 
signicantly 
reduced in 
neuropathy group 
(mean: 19.5 ms 
vs. 47.1 ms)

p < 
0.001
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DISCUSSION:
The ndings of this systematic review underscore the 
importance of HRV as a marker of autonomic dysfunction in 
diabetic neuropathy. Reduced HRV is associated with the 
severity of diabetic neuropathy and may predict adverse 
cardiovascular outcomes in these patients. Furthermore, HRV 
measurements could potentially be used to monitor the 
effectiveness of therapeutic interventions.

The clinical signicance of HRV is particularly important 
given the high cardiovascular risk in diabetic patients with 
neuropathy. As many diabetic patients with neuropathy are 
asymptomatic in the early stages, HRV could be used as an 
early screening tool to identify individuals at higher risk for 
cardiovascular events.

While several studies have demonstrated the value of HRV as 
a diagnostic and prognostic tool, the heterogeneity of the 
studies in terms of sample sizes, HRV measurement 
techniques, and patient characteristics l imits the 
generalizability of ndings. Future research should aim to 
standardize HRV measurement protocols and investigate the 
causal mechanisms underlying the association between HRV 
and neuropathy.

CONCLUSIONS:
While the ndings presented above are promising, several 
limitations in the current research landscape must be 
acknowledged.

1.  Heterogeneity In Study Design:
One of the most signicant limitations is the heterogeneity of 
the studies in terms of sample sizes, patient characteristics, 
HRV measurement methods, and the duration of observation. 
For instance, the inclusion of patients with both type 1 and type 
2 diabetes in some studies introduces variability, as these two 
forms of diabetes have different pathophysiology and disease 
progression rates. Wang, W., et al. (2020)[12]. Furthermore, 
neuropathy severity was measured differently across studies 
(e.g., clinical tests vs. electrodiagnostic studies), making it 
difcult to standardize the ndings across different patient 
populations. This heterogeneity limits the ability to generalize 
conclusions and may obscure nuanced insights about the 
relationship between HRV and neuropathy. The use of 
glycaemic index or HbA1C values to demonstrate the 
oxidative stress could be emphasised across studies. Hughes, 
A. D., et al. (2018){10]

Given the high heterogeneity, the results should be interpreted 
with caution. The differences across studies underline the 
need for more standardized HRV assessment methods and 
larger sample sizes in future research. For instance, studies 
with large sample sizes (n > 100) tended to show more robust 
correlations between HRV and neuropathy severity, 
suggest ing that  smal ler  s tudies  may have been 
underpowered.

2.  Methodological Issues In HRV Measurement:
Another limitation lies in the variability of HRV measurement 
techniques. While electrocardiography (ECG) is the gold 
standard for HRV assessment, there is still no consensus on 
the most optimal method for HRV analysis in clinical practice. 
HRV can be measured using various time-domain and 
frequency-domain methods, and different studies often report 
different parameters (e.g., SDNN, RMSSD, LF, HF). 
Additionally, HRV can be inuenced by many factors, such as 
posture, respiration, physical activity, and even the time of 
day, leading to potential biases if these factors are not 
controlled. The lack of standardization in HRV measurement 
techniques across studies makes it difcult to compare results 

 and draw denitive conclusions. Tancredi M,[16]

3.  Confounding Variables:

Several confounding variables need to be considered when 
interpreting the results of HRV studies in diabetic neuropathy. 
Factors such as age, blood pressure, renal function, and 
comorbidities (e.g., hypertension, cardiovascular disease) 
can all inuence HRV independently of diabetic neuropathy. 
Moreover, glycaemic control, which varies widely among 
diabetic patients, can signicantly affect HRV. In many 
studies, these confounding factors were either not well-
controlled or not considered in the analysis, potentially 

 skewing results. M, Gale CP, et al.[17]

Despite all limitations, the growing body of research 
highlights the promising role of HRV in managing diabetic 
neuropathy. However, several important avenues for future 
research are still unexplored.
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