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Abstract 
Introduction: Diabetes Mellitus is a chronic metabolic disorder and poses a major medical 
health burden. The incidence of type 2 diabetes mellitus is increasing globally. Diabetes 
results in autonomic neuropathy associated with early vagal withdrawal, and increased 
sympathetic tone. The objective of the present study was to assess cardiac autonomic 
functions in type 2 diabetes mellitus (DM 2) patients using Nonlinear analysis (Poincare 
method) of Heart rate variability analysis. 
Methods: The Present study was performed in Department of physiology including 50 
patients of type 2 Diabetes Mellitus (Cases) and 50 Healthy Age, Sex and BMI matched 
subjects (age range 35-50 years) after obtaining approval from institutional ethics committee 
of SMS Medical College, Jaipur. SD1, SD2 and SD1/SD2 parameters were used as nonlinear 
analysis (Poincare analysis) of heart rate variability. 
Results: Significant decrease of SD1/SD2 and non-significant decrease in SD1 and increase 
in SD2 was observed in diabetics as compared to healthy controls. No Significant changes 
were observed in heart rate and blood pressure between DM 2 patients and healthy subjects. 
Statistical Analysis: Unpaired t test was applied for statistical analysis of data of both groups 
where P valve <0.05 considered as statistically significant.  
Conclusions: Nonlinear analysis (Poincare plot method) can be used as an effective method 
for early diagnosis of cardiac autonomic neuropathy. 
Keywords: Nonlinear Analysis, Poincare Plot Method, Heart Rate Variability, Type 2 
Diabetes Mellitus (DM 2). 
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Introduction

Diabetes Mellitus is a chronic metabolic 
disorder and poses a major medical health 
burden. The incidence of type 2 diabetes 
mellitus is increasing globally [1]. 
Diabetes results in autonomic neuropathy 
and is associated with early vagal 
withdrawal, increased sympathetic tone 

and subsequently leading to sympathetic 
denervation and finally complete 
autonomic denervation [2-5]. The 
development of cardiac autonomic 
neuropathy in diabetes results in disruption 
of chief component of cardiovascular 
regulation, contributing to an elevated 
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incidence of cardiovascular diseases such 
as heart attack, unexpected cardiac death, 
and silent ischemia [6-9]. 
Heart rate is dynamically regulated by 
using intrinsic and extrinsic control 
systems, maintaining homeostasis. The 
most important extrinsic control is 
supplied through the autonomic nervous 
system. Heart rate variability (HRV) is a 
measure of the fluctuation within the 
interval between sequential sinus 
heartbeats, and reflects cardiac autonomic 
regulation [10-12].  
Early diagnosis of autonomic diabetic 
neuropathy is difficult and the detection 
techniques available, e.g., the Ewing test 
Battery, are cumbersome and feature poor 
sensitivity and reproducibility. In contrast, 
HRV evaluation is noninvasive, more 
sensitive and the input records are received 
through conventional electrocardiography 
(ECG) [13-16]. However, because of the 
nonlinear dynamics of heart rate, 
conventional time and frequency domain 
parameters of HRV would not 
appropriately measure   the nonstationary 
characteristics of ECG. [17-19] Non-linear 
method reflects interactions of central 
neural and autonomic nervous system [19].  
Nonlinear techniques together with the 
Poincaré plot, detrended fluctuation 
analysis (DFA), tone/entropy analysis and 
HR complexity analysis are newly 
developed equipment used for identifying 
nonlinear patterns inside ECG data 
[19].The Poincaré plot is a scatter plot of 
RRn vs. RRn+1 in which RRnis the time 
among successive R peaks and RRn+1 is 
the time among the following two 
successive R peaks .Poincare plot reflects 
the non-linear dynamics of HRV[ 20] and 
entire RR time series in a single diagram 
[21] 
In this study, we have used Poincare 
analysis to study the differences in HRV 
patterns between patients suffering from 
Type 2 diabetes mellitus and healthy 
controls. The motive of this study was to 

identify new parameters useful for 
detecting autonomic dysregulation in 
diabetes mellitus. 
Method 
The present study is a cross-sectional, 
comparative, observational study. The 
study was started after obtaining approval 
from institutional scientific and ethics 
committee. The study subjects include 50 
patients of type 2 Diabetes Mellitus in the 
age range of 35-50 years with duration of 
disease of more than 2 years (Cases). 50 
Healthy Age, Sex and BMI matched 
subjects were selected as controls. 
Individuals suffering from any acute or 
chronic illness other than diabetes mellitus 
were excluded from the study. Alcoholic, 
Smokers and persons taking drugs 
affecting cardiac autonomic functions 
were also excluded from the study. 

Experimental protocol 
The study subjects were asked to report to 
autonomic function laboratory of 
department of physiology for heart rate 
variability studies between 9AM to 
12Noon. Informed written consent was 
taken from the subjects prior to performing 
heart rate variability.  At test day, subjects 
were asked to come with light breakfast 
and were instructed to avoid caffeinated 
beverages, nicotine and vigorous physical 
activity 12 hours before the test. The 
temperature of the testing room was 
maintained at around 25°C throughout the 
procedure. Detailed clinical history and 
examination was done including recording 
of anthropometric parameters such as 
height and weight and body mass index 
(BMI) was calculated as per formulae-
Weight (Kg)/Height(m2). The procedure 
of recording Heart rate variability was 
explained to subjects to alleviate anxiety. 
Resting heart rate and blood pressure was 
recorded using automated blood pressure 
monitor after taking rest for 10 minutes in 
sitting position. After 5 minutes of supine 
rest, lead II electrocardiography (ECG) 
was recorded for 5 minutes using RMS 
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Polyrite D (version 1.0). The analog signal 
is converted to digital signal at sampling 
frequency of 256 Hz and band pass filter 
of 2 Hz to 40 Hz.  Guidelines of Task 
force of the European Society of 
Cardiology and the North American 
Society of Pacing and Electrophysiology 
(19) were followed during recording of 
HRV. From the RR tachogram Poincare 
plot analysis was computed using Kubios 
1.0 software (Bio-signal analysis Group, 

Finland) and the following parameters 
were noted. 
1.SD1 - Standard deviation of short-term 
instantaneous beat-to- beat RR interval 
variability, represented by minor axis of 
the ellipse in the poincare plot diagram. 
2.SD2 - Standard deviation of the long-
term R-R interval variability represented 
by major axis of the ellipse in the poincare 
plot diagram. 

3.SD1/SD2: Ratio of SD1/SD2. [22]
 

 
Fig.1 Poincare plot diagram 

 
Statistical analysis 
All parameters were   expressed as mean ± 
standard deviation. The comparison 
between cases and control groups was 
performed by unpaired student t test by 
using primer software. All analyses were 
two-tailed and a significance level of 
p<0.05 was used in the study. 

Results 
The results of nonlinear analysis (Poincare 
analysis) of Heart rate variability were 
compared between the cases (Type 2 

Diabetes Mellitus patients) and healthy age 
matched controls. Demographic profile of 
the patients and the controls were depicted 
in Table 1. There was no significant 
difference in values of the demographic 
parameters among cases and controls. The 
cardiovascular parameters of cases and 
controls were shown in Table 2. No 
significant changes in cardiovascular 
parameters were observed between both 
groups. Table 3 shows Poincare plot 
parameters of heart rate variability of 
study population. Significant decrease of 
SD1/SD2 and non-significant decrease in 
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SD1and increase in SD2 was observed in diabetics as compared to healthy controls.
 

Table 1: Demographic profile of study population 
S.N. Parameter Diabetes mellitus patients 

(cases) Mean ± SD 
Healthy controls 
Mean ± SD 

1 Age (Years) 44.76 ± 5.09 44.90 ± 5.20 
2 Gender (M/F Ratio) 4:1 3.7:1.3 
3 Height(m) 1.63 ± 0.08 1.62 ± 0.09 
4 Weight(kg) 72.88 ± 12.01 71.64 ± 13.08 
5 BMI (Body mass index) (kg/m2) 27.44 ± 4.77 27.47 ± 5.86 

Table 2: Cardiovascular parameters of study population. 
S.N. Parameter Diabetes mellitus patients 

(cases)Mean ± SD 
Healthy controls 
Mean ± SD 

1 Resting Systolic blood pressure 
(mmHg) 

115.04 ± 9.04 114.56 ± 10.86 

2 Resting Diastolic blood pressure 
(mmHg) 

73.00 ± 7.35 73.24 ± 8.65 

3 Resting Heart rate (Beats per 
minute) 

77.52 ± 6.39 80.78 ± 9.85 

Table 3: Poincare plot parameters of heart rate variability 
S.N. Parameter Diabetes mellitus patients 

(cases)Mean ± SD 
Healthy controls 
Mean ± SD 

1 SD1(ms) 22.76 ± 24.78 31.29 ± 26.19 
2 SD2(ms) 49.08 ± 51.45 46.82 ± 53.78 
3 SD1/SD2 0.62 ± 0.77* 1.32 ± 1.87 

* Significant 
 
Discussion 

Type 2 Diabetes mellitus is a chronic 
metabolic disorder with various 
complications. (1) One of the prominent 
complications is diabetic neuropathy and 
cardiac autonomic neuropathy (CAN) is a 
common manifestation of it (5). The 
fundamental pathology in CAN is 
hyperglycemia [5] and its activation of 
redox and/or multiple metabolic (Polyol 
aldose reductase) pathways because of 
hyperglycemia induced oxidative stress, 
alteration of Na +/K+-ATPase pump 
function, calcium disturbance and low 
grade inflammation. [5.23, 24] This, in 
conjunction with reduced blood flow to 
nerve fibers, contributes to CAN [2]. 
Involvement of parasympathetic nervous 
system occurs early due to long length of 
vagal fibres and involvement of 

sympathetic system is late phenomenon. 
[25] 
Increased SD1values represent increased 
parasympathetic activity as there is a   
positive association of with RMSSD 
(time-domain analysis parameter of 
parasympathetic activity) (17). Similarly, 
SD2 can be used as a surrogate marker of 
sympathetic activity because of the 
positive relationship between SD2 and 
Low Frequency (LF) (Frequency domain 
parameter, which denotes sympathetic 
activity) [26]. Also Available evidences 
have reported the similarity of SD2/SD1 
ratio with LF/HF ratio (marker of 
sympathovagal balance) [27, 28]. 
In present study, significant decrease in 
SD1/SD2 ratio was observed in patients of 
type 2 diabetes mellitus as compared to 
healthy controls suggesting a tilting of 
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sympathovagal balance towards increased 
sympathetic activity which can be due to 
either sympathetic over activity or vagal 
tone attenuation. Similar findings were 
also observed in a study by Roy.B et al, 
2013[29] and Tarvainen PM et al,2014 
[30] showing significant decrease in 
SD1/SD2 in diabetics as compared to 
healthy controls. 
The cardiovascular parameters such as 
Heart rate and Blood pressure were not 
significantly different between both groups 
in our study. Previous studies showed 
conflicting reports of changes of diabetic 
cardiac autonomic neuropathy on heart 
rate [31,32,33]. Resting tachycardia and a 
fixed heart rate are characteristic late 
findings in diabetic patients with vagal 
impairment. [34]. Also, Significant 
alteration of blood pressure suggest 
impairment of sympathetic nervous system 
and sympathetic nervous system 
impairment is a late complication of 
diabetic neuropathy [2,4, 23]. 
The findings of our study suggest a 
parasympathetic attenuation of autonomic 
functions in diabetic patients (Decreased 
SD1/SD2 ratio) with no involvement of 
sympathetic nervous system (No 
significant change in resting heart rate and 
resting blood pressure). This may be due 
to the fact that early impairment of 
parasympathetic function occurs in 
diabetic neuropathy with sympathetic 
impairment being a late complication. [5] 
Conclusion 
Nonlinear analysis (Poincare plot method) 
can be used as an effective method for 
early diagnosis of cardiac autonomic 
neuropathy. 

References: 
1. Abdul-Ghani MA, DeFronzo RA. 

Plasma glucose concentration and 
prediction of future    risk of type 2 
diabetes. Diabetes Care. 2009;32: 
S194–8. 

2. Pop-Busui R. What do we know and 
we do not know about cardiovascular 
autonomic neuropathy in diabetes? J 
Cardiovasc Transl Res. 2012; 5:463– 
468. 

3. Schönauer M, Thomas A, Morbach S, 
Niebauer J, Schönauer U, Thiele H. 
Cardiac autonomic diabetic 
neuropathy. Diab Vasc Dis Res. 2008; 
5(4): 336–344. 

4. Jordan J, Tank J. Complexity of 
impaired parasympathetic heart rate 
regulation in diabetes.  Diabetes. 2014; 
63(6): 1847–1849. 

5. Vinik IA, Maser RE, Mitchell BD, 
Freeman R. Diabetic autonomic 
neuropathy. Diabetes Care. 2003; 
26(5): 1553-79.  

6. Gerritsen J, Dekker JM, TenVoorde 
BJ, Kostense PJ, Heine RJ, Bouter 
LM, et al. Impaired autonomic 
function is associated with increased 
mortality especially in subjects with 
diabetes, hypertension, or a history of 
cardiovascular disease: the Hoorn 
Study. Diabetes Care. 2001; 24(10): 
1793-8.  

7. Liao D, Carnethon M, Evans GW, 
Cascio WE, Heiss G. Lower heart rate 
variability is associated with the 
development of coronary heart disease 
in individuals with diabetes. The 
Atherosclerosis Risk in Communities 
(ARIC) Study. Diabetes. 2002; 51(12): 
3524-31.  

8. Kataoka M, Ito C, Sasaki H, Yamaneb 
K, Kohno N. Low heart rate variability 
is a risk factor for sudden cardiac death 
in type 2 diabetes. Diabetes Res Clin 
Pract. 2004; 64(1):51-8.  

9. Alina JK, Agata MG, Torzynska K, 
Kramer L, Sowinska A, Moczko J, et 
al. Diabetes abolishes the influence of 
revascularization on heart rate 
variability in patients with stable 
angina, Assessment by novel 
mathematical models. [abstract]. J 
Electrocardiol. 2007;40: S32-S33 

10. Contreras P, Canetti R, Migliaro RE. 
Correlations between frequency-



 
 

International Journal of Pharmaceutical and Clinical Research                       e-ISSN: 0975-1556, p-ISSN:2820-2643 
 

Singh et al.                        International Journal of Pharmaceutical and Clinical Research 

783  

domain HRV indices and lagged 
Poincaré plot width in healthy and 
diabetic subjects. Physiol Meas. 2007; 
28(1):85-94.  

11. Rajendra Acharya U, Paul Joseph K, 
Kannathal N, Lim CM, Suri JS. Heart 
rate variability: a review. Med Biol 
Eng Comput. 2006;44(12):1031-51.  

12. Tsuji H, Larson MG, Venditti FJ Jr, 
Manders ES, Evans JC, Feldman CL, 
et al. Impact of reduced heart rate 
variability on risk for cardiac events. 
The Framingham Heart Study. 
Circulation. 1996;94(11):2850-5. 

13. Ewing DJ, Martyn CM, Young RJ, 
Clarke BF. The value of cardiovascular 
autonomic function tests: 10 years’ 
experience in diabetes. Diabetes Care. 
1985;8(5):491-8. 

14. Pagani M. Heart rate variability and 
autonomic diabetic neuropathy. 
Diabetes Nutr Metab. 2000;13(6):341-
6.  

15. Rolim LC, Sa JR, Chacra AR, Dib SA. 
Diabetic cardiovascular autonomic 
neuropathy: risk factors, clinical 
impact and early diagnosis. Arq Bras 
Cardiol. 2008;90(4):e24-31.  

16. Spallone V, Menzinger G. Diagnosis 
of cardiovascular autonomic 
neuropathy in diabetes. Diabetes. 
1997;46 Suppl 2: S67-76. 

17. Brennan M, Palaniswami M, Kamen P. 
Do existing measures of Poincaré plot 
geometry reflect nonlinear features of 
heart rate variability? IEEE Trans 
Biomed Eng. 2001;48(11):1342-7.  

18. Khovanov IA, Khovanova NA, 
McClintock PV, Stefanovska A. 
Intrinsic dynamics of heart regulatory 
systems on short time-scales: from 
experiment to modeling. [Cited on 
2022 Dec. 10]. Available from: http:// 
arxiv:org/PScache/arxov/pdf/0912/091
2: 2237v1.pdf 

19. Task Force of the European Society of 
Cardiology, 1996. the North American 
Society of Pacing and 
Electrophysiology Heart rate 
variability: standards of measurement, 

physiological interpretation and 
clinical use. Circulation 1996; 93(5): 
1043-1065 

20. Takens F. Detecting strange attractors 
in turbulence Springer Lecture Notes 
in Mathematics. 1981; 898: 366–81 

21. Piskorski J, Guzik P. Geometry of the 
Poincaré plot of RR intervals and its 
asymmetry in healthy adults.  Physiol 
Meas. 2007; 28:287-300 

22. Rajendran R, Sharma VK, KV V, 
Nandeesha H. Heart Rate Variability 
Non-Linear Analysis by Poincare Plot 
in the Complete Glycemic Spectrum. 
Indian Journal of Public Health 
Research & Development. 2018 Oct 
1;9(10). 

23. Schroeder EB, Chambless LE, Liao D, 
Prineas RJ, Evans GW, Rosamond 
WD, Heiss G;. Diabetes, glucose, 
insulin, and heart rate variability: the 
Atherosclerosis Risk in Communities 
(ARIC) study. Diabetes Care. 2005; 
28: 668– 674 

24. Albers JW, Pop-Busui R. Diabetic 
neuropathy: mechanisms, emerging 
treatments, and subtypes. Current 
Neurology and Neuroscience Reports. 
2014; 14: 473 

25. .Vinik AI, Erbas T, Casellini CM. 
Diabetic cardiac autonomic 
neuropathy, inflammation and 
cardiovascular disease. Journal of 
diabetes investigation. 2013 Jan; 
4(1):4-18 

26. Carrasco S, Gaitan MJ, Gonzalez R, 
Yanez O.Correlation among Poincare 
plot indexes and time and frequency 
domain measures of heart rate 
variability. J Med Eng Technol. 2001; 
25:240-8. 

27. Toichi M, Sugiura T, Murai T, 
Sengoku A. A new method of 
assessing cardiac autonomic function 
and its comparison with spectral 
analysis and coefficient of variation of 
R-R interval. J Auton Nerv Syst. 1997; 
62:79-84. 

28. Guzik P, Piskorski J, Krauze T, 
Bychowiec B, Wesseling KH, 



 
 

International Journal of Pharmaceutical and Clinical Research                       e-ISSN: 0975-1556, p-ISSN:2820-2643 
 

Singh et al.                        International Journal of Pharmaceutical and Clinical Research 

784  

Schneider R, Girgus P, Wykrtowicz A, 
Wysocki H. Numerical descriptors of 
Poincaré plots analysis of RR intervals 
are related to baroreflex sensitivity and 
hemodynamic parameters in healthy 
people. Folia Cardiol. 2005; 12:56-9. 

29. Roy B, Ghatak S. Nonlinear methods 
to assess changes in heart rate 
variability in type    2 diabetic patients. 
Arquivosbrasileiros de cardiologia. 
2013; 101:317-27 

30. Tarvainen MP, Laitinen TP, Lipponen 
JA, Cornforth DJ, Jelinek HF. Cardiac 
autonomic dysfunction in type 2 
diabetes–effect of hyperglycemia and 
disease duration. Frontiers in 
endocrinology. 2014 Aug 8; 5:130. 

31. Nitenberg A, Ledoux S, Valensi P, 
Sachs R, Attali JR, Antony I. 
Impairment of coronary microvascular 
dilation in response to cold pressor–
induced sympathetic stimulation in 
type 2 diabetic patients with abnormal 

stress thallium imaging. Diabetes. 
2001 May 1;50(5):1180-5. 

32. Kudat H, Akkaya V, Sozen AB, 
Salman S, Demirel S, Ozcan M, 
Atilgan D, Yilmaz MT, Guven O. 
Heart rate variability in diabetes 
patients. Journal of international 
medical research. 2006 May; 34(3): 
291-6 

33. Bemelmans RH, Wassink AM, van der 
Graaf Y, Nathoe HM, Vernooij JW, 
Spiering W, Visseren FL. Risk of 
elevated resting heart rate on the 
development of type 2 diabetes in 
patients with clinically manifest 
vascular diseases. European Journal of 
Endocrinology. 2012 Apr 1; 166(4): 
717-25. 

34. Ewing DJ, Clarke BF. Diabetic 
autonomic neuropathy: present insights 
and future prospects. Diabetes Care. 
1986; 9: 648–665. 

 


