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Background: There are plenty of studies available to demonstrate the effect 

of diabetes on short-term Heart Rate Variability (HRV) but not enough about 

lipids, especially in our region. Hence, we aimed to study the influence of 

total cholesterol and individual lipid fractions on short-term HRV in type 2 

diabetics. 

Methods: As per the set criteria, 70 newly diagnosed type 2 diabetics were 

recruited and grouped based on their cholesterol levels. Both the time domain 

and the frequency domain measures of short-term HRV were acquired and 

subjected to statistical analysis. This was a cross-sectional observational 

study. 

Results: Elevated total cholesterol group showed a reduction in Standard 

deviation of all NN intervals (SDNN) and High Frequency (HF) power and an 

increase in Low-Frequency power / High-Frequency power (LF/HF) ratio in 

comparative analysis. Similarly, the high low-density lipoproteins (LDL) 

group showed a decrease in square root of the mean of the sum of the squares 

of the differences between adjacent NN intervals (SDNN) and RMSSD but a 

rise in LF/HF ratio. Moreover, total cholesterol is negatively correlated with 

SDNN, RMSSD, and HF power while total cholesterol and LDL are 

positively correlated with LF/HF ratio. Total cholesterol, LDL, and 

triglycerides had an independent association with HF. 

Conclusions: Our study shows higher levels of total cholesterol, LDL and 

triglycerides decrease cardiovagal activity. Hence, based on this we conclude 

abnormal lipid levels depress HRV. 
 

INTRODUCTION 

           Heart Rate Variability (HRV) assesses the integrity of the autonomic nervous 

system as it is influenced by the changes in the sympathetic as well as the vagal activity 

(Electrophysiology, 1996). Altered HRV may be a sign of disease or a risk factor for 

impending cardiac disease (Christensen et al., 1999). 
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Time-domain analysis of HRV is 

based on the heart rate and the changes in 

the time interval between two successive 

normal to normal complexes. It quantifies 

the amount of HRV observed during the 

monitoring period. The time-domain 

measures considered in this study are 

Standard Deviation of all NN intervals 

(SDNN), Square Root of the Mean of the 

Sum of the Squares of the Differences 

between adjacent NN intervals (RMSSD), 

and the number of pairs of adjacent NN 

intervals differing more than 50 

milliseconds in the entire recording 

divided by the total number of NN 

intervals (pNN50). Of these three, SDNN 

is a measure of total variability while 

RMSSD and pNN50 estimate high-

frequency variations in heart rate 

(Electrophysiology, 1996). 

Frequency domain analysis 

decomposes the series of sequential RR 

intervals into a sum of sinusoidal functions 

of different amplitudes and frequencies. 

The measures considered here are high 

frequency (HF) and low frequency (LF) 

components which calculate the absolute 

or relative amount of signal energy within 

the component bands with each frequency 

band denoting its significance 

(Electrophysiology, 1996). HF reflects 

cardiovagal activity while LF represents 

the cardiac sympathetic drive (Shaffer & 

Ginsberg, 2017).  

Presently, the burden of the non-

communicable disease diabetes on our 

society is huge. Type 2 diabetes mellitus is 

highly prevalent among older individuals 

and the diabetes risk is increasing 

alarmingly among younger individuals 

too, especially when they have a family 

history coupled with a sedentary lifestyle 

(Subramani et al., 2019). 

Similarly, the prevalence of 

dyslipidemia in the Indian population is 

very high and it has been established that 

diabetes and dyslipidemia are closely 

associated with major cardiovascular risk 

factors (Joshi et al., 2014). 

Diabetes mellitus tends to affect 

HRV, and a reduction in time domain 

measures is associated with autonomic 

neuropathy even before its clinical 

manifestation (Electrophysiology, 1996). 

Even in the early stages of diabetes, the 

resulting metabolic impairment is 

associated with cardiac autonomic 

impairment and it worsens progressively 

as the disease progresses (Schroeder et al., 

2005). Moreover, regardless of their 

cardiac status, diabetic patients have a 

decreased HRV due to cardiac autonomic 

neuropathy when compared to the general 

population (Singh et al., 2000). 

Similarly, dyslipidemia also was 

thought to play a role in the development 

of autonomic dysfunction. However, its 

role was not clear due to conflicting results 

from the available studies about the effect 

of individual lipid fractions (Chaudhuri et 

al., 2012) (Kundu et al., 2013) (Danev et 

al., 1997). Even the few available studies 

are not reflective of our population.  

Since dyslipidemia is usually 

associated with type 2 diabetes mellitus, 

for our study, we used a study population 

consisting of diabetics. Through 

appropriate study design and analytical 

methods, we arrived at the influence of 

total and individual lipid fractions on 

short-term HRV. 

MATERIALS AND METHODS 

This is a cross-sectional 

observational study approved by the 

Institutional Human Ethics Committee 

(Project No. 19/063). The study was 

conducted in the outpatient department of 

PSG Hospitals, PSG Institute of Medical 

Sciences & Research where strict 

adherence to principles was taken care of. 

Informed consent was obtained from the 

participants and complete patient 

confidentiality was ensured. The study 

participants were selected from newly 

diagnosed type 2 diabetic patients. 

Diabetes was diagnosed based on the 

standard guidelines (Classification and 

Diagnosis of Diabetes: Standards of 
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Medical Care in Diabetes—2019, 2018). 

Both men and women of age group 35-60 

with HbA1c levels between 6.5 to 7.5 

were shortlisted. Among them, 

hypertensives, asthmatics, cardiac patients, 

individuals with a family history of cardiac 

disease, patients with thyroid disorders, 

pregnant individuals, and patients on HRV 

altering medications were excluded. 

Based on the above criteria, a total 

of 70 people were recruited. The sample 

size was determined after calculation using 

‘r’ value from a previous correlation study 

(Kepez et al., 2015). The 70 participants 

were selected in such a way that 35 people 

were having normal total cholesterol levels 

and the remaining 35 were with higher 

total cholesterol levels. Lipid cut-off levels 

were set based on the desirable lipid target 

levels in diabetes (Expert Panel on 

Detection, Evaluation, and Treatment of 

High Blood Cholesterol in Adults, 2001). 

The study participants were 

subjected to short-term HRV analysis. 

This involved a recording of an 

electrocardiogram (ECG) in Lead II for 

320 seconds in a computerized student’s 

physiograph, three-channel (INCO, 

Chennai). Both the time domain and 

frequency domain measures were acquired 

from the study participants using 

NIVIQURE-HRV software (Niviqure 

Meditech Private Limited, Bangalore). 

Statistical Analyses: 

The data obtained were statistically 

analyzed using SPSS software version 24. 

In addition to the levels of total 

cholesterol, the study participants were 

grouped based on the cut-off levels for 

other lipid fractions and their data also 

were compared accordingly. Moreover, 

individual lipid fractions were correlated 

with individual HRV measures. For 

statistical analysis, independent sample t-

test, Pearson’s correlation, and Regression 

analysis were employed. 

RESULTS  

In type 2 diabetics, when the 

normal total cholesterol group is compared 

with the high total cholesterol group 

(Table 1), SDNN (p= 0.036) and HF 

power (p= 0.040) showed a statistically 

significant reduction. However, there was 

a statistically significant increase in the 

LF/HF ratio (p= 0.022) (Table 1). 

In type 2 diabetics with high LDL 

levels, SDNN (p= 0.009) and RMSSD (p= 

0.011) were significantly reduced when 

compared to patients with a normal LDL 

level (Table 2). However, LF/HF ratio 

showed a statistically significant increase 

(p= 0.045) (Table 2). 

There are no statistically significant 

changes in HRV parameters due to 

variations in the levels of triglycerides 

(Table 3). 

In the correlation analysis (Table 

4), SDNN, RMSSD and, HF power 

showed a statistically significant negative 

correlation with total cholesterol (Fig. 1A, 

1B& 1C), whereas LF/HF ratio shows a 

statistically significant positive correlation 

(Fig. 1D). LF/HF ratio also has a 

significant positive correlation with LDL 

(Fig. 2). Regression analysis reveals that 

total cholesterol is independently in 

association with HF power. This is 

statistically significant for total cholesterol 

(p=0.002) after adjustment for age, Body 

Mass Index (BMI), and other lipid 

parameters. Regression analysis further 

revealed that LDL has an independent 

association with HF power. This is 

statistically significant for LDL (p= 0.005) 

after adjustment for age, BMI, and other 

lipid parameters. Regression analysis also 

reveals that triglycerides have an 

independent association with HF power. 

This is statistically significant for 

Triglycerides (p= 0.015) after adjustment 

for age, BMI, and other lipid parameters. 
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Table 1 - Comparison of HRV parameters between high and normal cholesterol levels 

 
*p < 0.05 

TCL – Total Cholesterol 

N – Number of study participants 

 

Table 2 - Comparison of HRV parameters between high and normal LDL levels 

 
*p < 0.05 

**p < 0.01 

LDL – Low Density Lipoproteins 

N – Number of study participants 
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Table 3 - Comparison of HRV parameters between high and normal Triglyceride levels 

 
TGL – Triglycerides 

N – Number of study participants 

 

Table 4 - Correlation of HRV parameters with lipid fractions 

 
*p < 0.05                                                  TCL – Total Cholesterol 

r – Correlation coefficient                        TGL – Triglycerides 

N – Number of study participants            LDL – Low-Density Lipoproteins 

                               HDL – High-Density Lipoproteins 
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Fig. 1: Effects of Total Cholesterol on HRV  

(A) Correlation of SDNN with total cholesterol  

(B) Correlation of RMSSD with total cholesterol  

(C) Correlation of HF power with total cholesterol  

(D) Correlation of LF/HF ratio with total cholesterol.  

(ms - millisecond, ms2 - millisecond2, mg/dL – milligrams per decilitre) 

 

 

 
Fig. 2: Effect of LDL on HRV 

Correlation of LF/HF ratio with LDL  

(mg/dL – milligrams per decilitre) 

 

DISCUSSION 

A decreased HRV indicates an 

increased cardiovascular risk even in 

healthy individuals (Hillebrand et al., 

2013). Diabetics have been known to have 

a decreased HRV, predisposing them to 

increased cardiovascular risk due to a 

significantly lower vagal activity (Liao et 

al., 1995). Some studies show elevated 

levels of total cholesterol and LDL in 
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diabetics can affect HRV adversely 

(Kundu et al., 2013) (Burger et al., 1998). 

In a past study, it has been shown 

that in dyslipidemia, the time domain 

measures such as SDNN and RMSSD 

were significantly decreased as did the 

frequency domain measure HF. Moreover, 

LF and LF/HF ratios were significantly 

elevated. LF-HF ratio was found to have a 

positive correlation with total cholesterol 

and LDL cholesterol (Ali et al., 2016). 

Here, in our study, diabetic patients 

with high total cholesterol have a 

significantly reduced SDNN and thus 

show a reduction in total HRV which 

depicts an increased cardiovascular risk. 

Reduced HF power indicates compromised 

vagal activity. An increased LF/HF ratio 

may either be due to a reduction in vagal 

activity or an increase in the sympathetic 

activity or both, pointing towards an 

altered sympathovagal balance. These 

findings concur with the previous ones 

(Ali et al., 2016).  

Also, in our study, total cholesterol 

is negatively correlated with SDNN, 

RMSSD, and HF power while total 

cholesterol and LDL are positively 

correlated with LF/HF ratio. This denotes 

that both total HRV and vagal activity 

have an inverse relationship with total 

cholesterol. It is also evident that the 

sympathovagal balance is altered 

incrementally with increasing levels of 

total cholesterol and LDL. These findings 

of positive correlation of total cholesterol 

and LDL with LF/HF ratio concur with a 

previous study (Ali et al., 2016).  

In another past study, it has been 

observed that hypertriglyceridemia was 

associated with reduced SDNN (Jung et 

al., 2021). It also has been observed, that 

having high levels of total cholesterol, 

triglycerides, and LDL cholesterol as 

influenced by their dietary habits 

decreased their HF power and hence their 

cardiac vagal activity (Fu et al., 2006). 

In our study, we observed that in 

diabetics with high LDL levels, SDNN 

and RMSSD were significantly reduced, 

inferring that high LDL levels reduce total 

HRV and vagal activity. Additionally, in 

these individuals, LF/HF ratio was found 

to be elevated indicating an altered 

sympathovagal balance. These findings 

corroborate the findings of the previous 

study (Fu et al., 2006) in showing the 

negative effects of high LDL cholesterol 

on vagal activity and sympathovagal 

balance. 

However, we noticed that diabetics 

with high triglyceride levels showed no 

statistically significant changes in HRV 

parameters, which suggested that the 

triglyceride levels may not influence the 

autonomic balance. However, this needs 

further validation by an assessment with a 

larger sample in our region, as this is in 

contradiction with previously conducted 

studies (Jung et al., 2021) (Fu et al., 

2006). 

Previously, it was found that 

individuals with higher total cholesterol, 

LDL cholesterol, and triglyceride levels 

were having significantly reduced RMSSD 

and HF power. Also, they had a 

significantly elevated LF power and 

LF/HF ratio. Triglycerides were found to 

be independently associated with RMSSD, 

pNN50, and LF/HF ratio (Kepez et al., 

2015). Another one showed that while 

triglycerides had no association with any 

HRV measures, LDL cholesterol in men 

had an independent and negative 

association with both RMSSD and HF 

power (Kupari et al., 1993). 

Here, in our study, regression 

analysis revealed that LDL had an 

independent effect on HF power which 

concurs with the previous finding (Kupari 

et al., 1993). Hence, it may be postulated 

that high LDL levels by having a 

deleterious effect on vagal activity alter 

the sympathovagal balance. 
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Our finding of Triglycerides 

having an independent association with 

HF power contradicts the findings of a 

past study (Kupari et al., 1993). However, 

yet another study showing the high 

triglyceride levels having a sympathetic 

overdrive and altered sympathovagal 

balance indirectly supports our finding 

(Kepez et al., 2015). Hence our finding 

regarding the role of Triglycerides may 

require further validation with a larger 

population sample.  

In an animal study (Wang et al., 

2010), it has been demonstrated that 

hyperlipidemia is more than likely to 

dysregulate inflammatory cytokines while 

reducing cholinesterase-positive nerves 

and the expression of M2 receptors. This 

provides scientific corroboration to our 

findings that higher total cholesterol, LDL 

cholesterol, and triglyceride levels can 

negatively affect the vagal response. 

The cumulative effect of diabetes 

and dyslipidemia on HRV, which was not 

covered under the scope of this study, can 

be explored further in future studies. As 

our findings reveal the negative effect of 

altered lipid levels on HRV, we stress the 

importance of screening for dyslipidemia 

in individuals at diabetic risk and 

recommend strict lipid control, especially 

in diabetics to reduce cardiovascular risk. 

Conclusion 

Our study reveals those higher 

levels of total cholesterol, LDL 

cholesterol, and triglycerides depress HRV 

by reducing vagal activity and thereby 

altering the sympathovagal balance. 

Hence, based on our findings we conclude 

that dyslipidemia has a deleterious effect 

on HRV. However, an elaborate study 

involving non-diabetics with altered lipid 

levels might be needed to have a more 

conclusive say on the effect of lipids on 

HRV. As it is non-invasive and 

inexpensive, HRV can be utilized as a 

simple tool for diagnostic and prognostic 

purposes in dyslipidemia apart from 

diabetes. 
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