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Abstract 
 

Cardiovascular Autonomic Neuropathy (CAN) is one of the most overlooked complications 
of DM and is clinically important because of its life threatening consequences. CAN results 
from damage to the autonomic nerve fibers that innervate the heart and blood vessels and it 
causes abnormalities in control of heart rate and vascular dynamics .The present study was 
designed to assess the cardiovascular autonomic function in type 2 DM. The cardiovascular 
autonomic function have been conducted in 30 cases of type II DM and 30 controls, aged be-
tween 30-50 years, Including both genders,  by using Deep breathing test (DBT), Valsalva 
Maneuvre (VM), Cold Pressor Test (CPT), Lying to standing test (LST) and its correlation 
with duration of diabetes. The duration of DM was negatively correlated with delta heart 
rate (-0.908), valsalva ratio (-0.926), rise in diastolic pressure during hand grip test (– 0.747) 
and cold pressor test (-0.888). From this study it is concluded that, the duration of diabetes 
has more effect of CAN. 
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Introduction 
 
Diabetes  mellitus  (DM),  is now taking its place as  one  
of  the  main  threats  to  human  health  in  the  21st cen-
tury [1]. The global figure of people with diabetes is set to 
rise from the current estimate of 150 million to 22 million 
in 2010 and 300 million in 2025 [2]. Developing coun-
tries such as India have had the maximum in the last few 
years. The current prevalence of type 2 DM is 2.4% in the 
rural population and 11.6% in the urban population of 
India. It has been estimated that by 2025 India would be 
the leading cause of death in adults [2].  
 
Neuropathy is one of the most common complications of 
diabetes. About half of all people with diabetes have 
some degree of neuropathy, which can be polyneuropa-
thy, mononeuropthy and/or autonomic neuropathy. Auto-
nomic neuropathy can involve multiple systems including 
cardiovascular, gastrointestinal, genitourinary, motor and 
endocrine systems [3]. Diabetic autonomic Neuropathy 
(DAN) is a stealthy complication of DM developing 
slowly over the years and quietly robbing diabetic pa-
tients of their ability to sense when they are becoming 
hypoglycemic or having heart attack. DAN is among least 
recognized and understood complication of DM, despite 
its significant negative impact on survival and quality of 

life in people with DM [4,5] it impairs the ability to con-
duct activities of daily living and increases the risk of 
death. It also accounts for a large portion of the cost of 
care [6]. 
 

Cardiovascular Autonomic Neuropathy (CAN) is one of 
the most overlooked complications of DM and is clini-
cally important because of its life threatening conse-
quences [7]. CAN results from damage to the autonomic 
nerve fibers that innervate the heart and blood vessels and 
it causes abnormalities in control of heart rate and vascu-
lar dynamics [8]. 
 

The present study was designed to assess the cardiovascu-
lar autonomic function in type 2 DM by using Deep 
breathing test (DBT), Valsalva Maneuver (VM), Cold 
Pressor Test (CPT), Lying  to standing test  (LST) and its 
correlation with duration of diabetes. 
 

Material and Mmethods  
 
Patients and controls 
Thirty cases of controlled type II diabetes mellitus and 
thirty non-diabetic age matched controls, including both 
males and females, were assessed for cardiovascular au-
tonomic status after obtaining written and informed con-
sent.  
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The following criteria were followed while selecting the 
patients as cases:  
 

1. The individuals of controlled (i.e. fasting blood  sugar  
level  ≤126  mg/dl  and  post prandial  blood  sugar  
level  ≤180  mg/dl) type  II  diabetes  mellitus  attend-
ing medicine O.P.D. for regular check up.  

2. Age between 30-50 years.  
3. Not suffering from any other disease or complications.  
 
All  the  healthy  subjects  (controls)  and  patients (cases)  
were  subjected  to  general  and  physical examination.  
Cardiovascular  autonomic function  tests  were  carried  
out  in  the  morning, after  familiarizing  the  subjects  
with  the  testing procedures. 
 
Laboratory setting 
All experiments were performed at the cardiac autonomic 
function research laboratory in Dept of Physiology, Nara-
yana Medical College (NMC), Nellore.  The patients were 
asked to refrain from heavy physical activity for 24 hours 
and from consumption of alcohol and caffeinated bever-
ages for 12 hours prior to the measurements. The tem-
perature of the laboratory was kept between 25o C - 28o C 
and lights subdued. The patients were asked to void urine 
before testing and made to sit in the lab comfortably to 
accustom to the new environment.  First heart rate and 
ascultatory blood pressure was measured after subject had 
been sitting quietly for 10mins.The mean of three con-
secutive measurements with a maximum variation of 
4mm Hg of both systolic and diastolic blood pressures 
was accepted [13] 
 
Tests for assessment of cardiovascular autonomic status 
The test for the assessment of CAN was done as per stan-
dard protocols published in literature [9, 10, 11, 12].  
 
Deep breathing test 
The recording of heart rate was done from the ECG reco-
dings on the ECG machine (Cardiowin system, PC based 
12 channel simultaneous digital ECG, Genesis Media 
System Pvt. Ltd, India). A baseline recording of ECG was 
taken for 30 seconds. The subject was asked to take slow  
 

and deep inspiration followed by slow and deep expira-
tion such that each breathing cycle lasted for 10 seconds. 
Calculation was done from the tracing of ECG. The 
changes in the heart rate between inspiration and expira-
tion were averaged over 6 cycles. 
 

Valsalva maneuver 
It was done in sitting position. The patient was instructed 
to blow into a mouth piece attached to sphygmomanome-
ter. The expiratory pressure was kept at 40 mmHg for 15 
seconds. At the end of 15 seconds the subject was asked 
to release the pressure. Valsalva Ratio was calculated 
from the longest RR interval during phase IV and shortest 
RR interval during phase II. 
 
Handgrip test 
The baseline blood pressure was recorded. The subject 
was asked to press a handgrip dynamometer at 30% of 
maximum voluntary contraction for 4 minutes. The blood 
pressure was recorded at 1st, 2nd and 4th minute of con-
traction. The rise in the diastolic pressure above the base-
line was noted. 
 

Cold pressor test 
The baseline blood pressure was recorded. The subject 
was instructed to immerse the right hand in the cold water 
(8 degree Celsius) for 1 minute up -to the wrist. The 
blood pressure was measured at the end of one minute. 
The rise in the diastolic pressure over baseline was noted. 
 

Results 
 
The results of the above tests were compared between the 
cases (type II DM) and healthy age matched controls and 
correlated with the duration of diabetes. Demographic 
profile of the patients and the controls were depicted in 
Table 1.  
 
As shown in Table 2, the delta heart rate in deep breathing 
test, valsalva ratio, rise in diastolic pressure during hand 
grip test and cold pressor test. The duration of DM was 
negatively correlated with delta heart rate (-0.908), val-
salva ratio (-0.926), rise in diastolic pressure during hand 
grip test (– 0.747) and cold pressor test (-0.888). 
 

 

Table 1. Demographic profile of the patients. 
 

Sl. No Parameter Diabetics Control 

1. Age* 48.62 + 4.77 49.52 + 4.77 
2. Gender (Male:Female) 22:8 20:10 
3. Height* 168.34 +19.45 164.53 + 22.87 
4. Weight* 69.46 + 18.46 66.56 + 19.46 
5. SBP* 136 + 28 130 + 22 
6. DBP* 94 + 18 92 + 22 
7. Duration 7.14 + 1.85 NA 
*Values expressed in Mean + SD.    There  is no statistically significant difference in between groups. 
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Table 2. Results of autonomic function tests done and correlation with duration of diabetes. 
 

Sl. 
No 

Test Parameter Diabetics  
(n=30) 

Control  
(n=30) 

 

r value 

1 Deep breathing test Delta heart rate 6.10 + 3.37 13.48 + 3.57*** -0.908 
2 Valsalva Maneuver Valsalva ratio 0.87 + 0.21 1.18 + 6.28*** -0.926 
3 Handgrip test Rise in diastolic pressure 6.28 + 2.85 13.24 + 2.56*** -0.747 
4 Cold pressor test Rise in diastolic pressure 6.14 + 2.86 16.55 + 1.97*** -0.888 

 

 Values expressed in Mean + SD.    * p <0.05, **p <0.01, p *** <0.001. 

 
Discussion 
 
The   Prevalence  of  DM  is  rising  rapidly  because  of  
increasing obesity  and  reduced  physical  activity  levels;  
as countries  become  more  industrialized.  Although, the  
most  common  neurological  disturbance  in diabetes is 
the involvement of peripheral nerves; the  concomitant  
involvement  of  autonomic nervous  system (ANS) has  
long  been  known.  When ANS is affected, it can lead to  
variety  of  symptoms  such  as  tachycardia, orthostatic  
hypotension,  gastro-paresis,  fecal incontinence,  bladder  
dysfunction;  thus significantly  affecting  the  quality  of  
life  of  a diabetic  patient.  Furthermore,  the  presence  of 
autonomic  neuropathy  carries  a  significantly increased  
risk  of  cardiovascular  mortality,  i.e. sudden  cardiac  
arrest.  Clinical symptoms of autonomic neuropathy gen-
erally do not occur until long after the onset of diabetes. 
Sub-clinical autonomic  dysfunction,  can  however,  oc-
cur within  a  year  of  diagnosis  in  type  II  diabetic pa-
tients [14,15] Cardiovascular  autonomic  neuropathy  
(CAN)  is  clinically  important  form  of  diabetic auto-
nomic neuropathy (DAN) which is associated  with  an  
increased  risk  of  silent  myocardial  ischemia  and  mor-
tality. In this study, we tried to assess cardiovascular 
sympathetic  function  in  cases  of  controlled type  II  
diabetes  mellitus  by measuring the delta heart rate in 
deep breathing test, valsalva ratio, rise in diastolic pres-
sure during hand grip test and cold pressor test, fall in 
systolic pressure during lying to standing.  These  results  
in  cases  were  compared  with  age matched  healthy  
non  diabetic  controls.  The results in cases were, also 
analyzed for correlation with the duration of diabetes mel-
litus. 
 

Normally the heart rate varies continually but this de-
pends on this depends on an intact parasympathetic nerve 
supply. During deep breathing in DM patients with CAN, 
may have a noticeable reduction in, and sometimes com-
plete absence of variation. In our study DM patients the 
delta heart rate is 6.10 + 3.37 in DM and 13.48 + 3.57 in 
controls which is highly significant (p<0.001) and it is 
negatively correlated (-0.908) with duration of DM which 
means that, as duration of DM increases the delta heart 
rate decreased. 

 
During the strain period of valsalva maneuver the blood 
pressure drops and the heart rate rises. After release the 
blood pressure rises, overshooting its resting value and 
the heart slows. In patients with CAN the blood pressure 
slowly falls during strain and slowly returns to normal 
after release, with no overshoot rise in blood pressure and 
no change in heart rate. In this study the DM patients the 
valsalva ratio was 0.87 + 0.21 and controls 1.18 + 6.28 
which was  significantly lower in DM patients (p<0.001) 
when compared to controls and it is negatively correlated 
with duration of DM (-0.926) which indicates the duration 
of DM is the cause for worsening of valsalva ratio.  
 
During sustained handgrip a sharp rise in blood pressure 
occurs, due to a heart rate dependent increase in cardiac 
output with unchanged peripheral resistance should the 
normal reflex pathways be damaged, as in diabetics with 
extensive peripheral sympathetic abnormalities, the rise in 
blood pressure is abnormally small. In our patients the 
rise in diastolic pressure in response to handgrip test was 
6.28 + 2.85 whereas in controls it is 13.24 + 2.56 which is 
highly significant and negatively correlated with the dura-
tion of diabetes (-0.747) which clearly shows the effect of 
duration of DM on CAN. 

Under conditions of stress of either physical or psycho-
logical origin, there is activation of SNS.  The cold pres-
sor response which consists of placing the hand in cold 
water acts as a painful stimulus and has been used to 
study the autonomic response.  In cold-pressor test, an 
increase in the SBP by 10-20 mm of Hg and DBP by 
10mm ofHg is considered as a normal response.  The af-
ferent fibers for this response are the somatic fibers carry-
ing the pain sensation, which are stimulated by placing 
the hand in cold water, and efferent are the sympathetic 
fibers. In our study the difference in SBP and DBP values 
is less in diabetics as compared with controls. The differ-
ence in DBP difference values are statistically significant 
.The possible explanation for this pattern of autonomic 
nervous dysfunction is the presence of long axons in car-
diac parasympathetic systems, which are relatively more 
sensitive to the metabolic derangement as compared to  
the relatively short axons in cardiac sympathetic nerves. 
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Hypotheses concerning the multiple etiologies of DAN 
include a metabolic insult to nerve fibers, neurovascular 
insufficiency, autoimmune damage, and, neurohumoral 
growth factors. Hyperglycemic activation of the polyol 
pathway leading to accumulation of sorbitol and potential 
changes in the NAD: NADH ratio may cause direct neu-
ronal damage and/or decreased nerve blood flow. Activa-
tion of protein kinase c induces vasoconstriction and re-
duces neuronal blood flow. Increased oxidative stress, 
with increased free radical production, causes vascular 
endothelium damage and reduces nitric oxide bioavail-
ability. Alternatively, excess nitric oxide production may 
result in formation of peroxynitrite and damage to endo-
thelium and neurons, a process referred to as nitrosative 
stress. In a subpopulation of individuals with neuropathy, 
immune mechanisms may also be involved. Reduction in 
neurotrophic growth factors, deficiency of essential fatty 
acids, and formation of advanced glycosylation end fac-
tors (localized in endoneurial blood vessels) also result in 
reduced endoneural blood flow and nerve hypoxia with 
altered nerve function. The result of this multi fractional 
process may be activation of polyl ADP ribosylation de-
pletion of ATP, resulting in cell necrosis and activation of 
genes involved in neuronal damage which leads to CAN 
and this damage is more when the duration of DM in-
creases [16]. From this study it is concluded that, the du-
ration of diabetes has more effect of CAN. So, it is rec-
ommended that testing for CAN should be done as a rou-
tine investigation of DM patients.  
 

The procedures for performing tests for detection of CAN 
are safe, non-invasive and require minimal infrastructure. 
 

Limitations and future perspectives 
The major limitation of the present study is less sample 
size. Also, we have not studied the newly diagnosed dia-
betics. In our future studies, we plan to assess the CAN by 
in newly diagnosed patients also.  The autonomic activity 
measured in this study is not very accurate. Therefore, 
future studies should include more accurate methods of 
assessment of sympathetic activity such as estimation of 
plasma catecholamine or metabolites of catecholamine in 
urine like Vanillylamandelic acid (VMA), Metanephrine, 
and Normetanephrine. 
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