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Abstract

Cardiovascular Autonomic Neuropathy (CAN) is one ofthe most overlooked complications
of DM and is clinically important because of its lie threatening consequences. CAN results
from damage to the autonomic nerve fibers that innevate the heart and blood vessels and it
causes abnormalities in control of heart rate and ascular dynamics .The present study was
designed to assess the cardiovascular autonomic fion in type 2 DM. The cardiovascular
autonomic function have been conducted in 30 casektype 1| DM and 30 controls, aged be-
tween 30-50 years, Including both genders, by uginDeep breathing test (DBT), Valsalva
Maneuvre (VM), Cold Pressor Test (CPT), Lying to sanding test (LST) and its correlation
with duration of diabetes. The duration of DM was regatively correlated with delta heart
rate (-0.908), valsalva ratio (-0.926), rise in dg&iolic pressure during hand grip test (— 0.747)
and cold pressor test (-0.888). From this study is concluded that, the duration of diabetes
has more effect of CAN.
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Introduction life in people with DM [4,5] it impairs the abilitjo con-
duct activities of daily living and increases thiskrof
Diabetes mellitus (DM), is now taking its plea® one death. It also accounts for a large portion of ¢bst of
of the main threats to human health in #% cen- care [6].
tury [1]. The global figure of people with diabeisset to
rise from the current estimate of 150 million toraRlion
in 2010 and 300 million in 2025 [2]. Developing oeu
tries such as India have had the maximum in thieféas
years. The current prevalence of type 2 DM is 2id%he
rural population and 11.6% in the urban populatn
India. It has been estimated that by 2025 Indialovte
the leading cause of death in adults [2].

Cardiovascular Autonomic Neuropathy (CAN) is one of
the most overlooked complications of DM and is ielin
cally important because of its life threatening smn
guences [7]. CAN results from damage to the automom
nerve fibers that innervate the heart and bloodelesand

it causes abnormalities in control of heart raté @ascu-
lar dynamics [8].

The present study was designed to assess the \wsdio
lar autonomic function in type 2 DM by using Deep
reathing test (DBT), Valsalva Maneuver (VM), Cold
ressor Test (CPT), Lying to standing test (L& its
correlation with duration of diabetes.

Neuropathy is one of the most common complicatioins
diabetes. About half of all people with diabetesreha
some degree of neuropathy, which can be polyneurop
thy, mononeuropthy and/or autonomic neuropathyoAut
nomic neuropathy can involve multiple systems idiig
cardiovascular, gastrointestinal, genitourinarytan@nd  Material and Mmethods

endocrine systems [3]. Diabetic autonomic Neuropath

(DAN) is a stealthy complication of DM developing Patientsand controls

slowly over the years and quietly robbing diabgig=  Thirty cases of controlled type Il diabetes meditand
tients of their ability to sense when they are lbgiog thirty non-diabetic age matched controls, includbah
hypoglycemic or having heart attack. DAN is amoegst  males and females, were assessed for cardiovasoudar
recognized and understood complication of DM, despi tonomic status after obtaining written and infornuewgh-
its significant negative impact on survival and lgyaof  sent.
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The following criteria were followed while seleagirthe and deep inspiration followed by slow and deep rexpi
patients as cases: tion such that each breathing cycle lasted foreldbsds.
Calculation was done from the tracing of ECG. The

1. The individuals of controlled (i.e. fasting bloogligar changes in the heart rate between inspiration apiae
level <126 mg/dl and post prandial blood sugakisn were averaged over 6 cycles

level <180 mg/dl) type Il diabetes mellitus attend-
ing medicine O.P.D. for regular check up. Valsalva maneuver

2. Age between 30-50 years. It was done in sitting position. The patient wastincted
3. Not suffering from any other disease or compligzio to blow into a mouth piece attached to sphygmomaiom

ter. The expiratory pressure was kept at 40 mmid 5o
All the healthy subjects (controls) and pate(cases) seconds. Atthe end of 15 seconds the subject skasla
were subjected to general and physical examima to release the pressure. Valsalva Ratio was cadzlla
Cardiovascular autonomic function tests wereari@d from the longest RR interval during phase IV anodrtst
out in the morning, after familiarizing theubgects RR interval during phase II.
with the testing procedures.

Handgrip test
L aboratory setting The baseline blood pressure was recorded. The cdubje
All experiments were performed at the cardiac amttio ~ Was asked to press a handgrip dynamometer at 30% of
function research laboratory in Dept of Physiololygra- ~maximum voluntary contraction for 4 minutes. Thedu
yana Medical College (NMC), Nellore. The patientye pressure was recorded at 1st, 2nd and 4th minuterof
asked to refrain from heavy physical activity fer Bours ~ traction. The rise in the diastolic pressure alibreebase-
and from consumption of alcohol and caffeinatedebev line was noted.
ages for 12 hours prior to the measurements. Time te
perature of the laboratory was kept betweeh@5 28 C
and lights subdued. The patients were asked to wne
before testing and made to sit in the lab comfdytab
accustom to the new environment. First heart sate
ascultatory blood pressure was measured aftercuine
been sitting quietly for 10mins.The mean of threa-c
secutive measurements with a maximum variation oResults
4mm Hg of both systolic and diastolic blood pressur
was accepted [13] The results of the above tests were compared betthee

) ) cases (type Il DM) and healthy age matched conamots
Tests for assessment of cardiovascular autonomic status  correlated with the duration of diabetes. Demogi@ph

The test for the assessment of CAN was done ast@er  profile of the patients and the controls were diegidn
dard protocols published in literature [9, 10, 13]. Table 1.

Cold pressor test

The baseline blood pressure was recorded. The cdubje
was instructed to immerse the right hand in the eater

(8 degree Celsius) for 1 minute up -to the wrisheT
blood pressure was measured at the end of one eninut
The rise in the diastolic pressure over baseling meed.

Deep breathing test As shown in Table 2, the delta heart rate in deepthing
The recording of heart rate was done from the E&®-r test, valsalva ratio, rise in diastolic pressurerdphand
dings on the ECG machine (Cardiowin system, PCcbaseyrip test and cold pressor test. The duration of D&
12 channel simultaneous digital ECG, Genesis Mediaegatively correlated with delta heart rate (-0)90&il-
System Pvt. Ltd, India). A baseline recording ofc@as salva ratio (-0.926), rise in diastolic pressurerphand
taken for 30 seconds. The subject was asked testake  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 49.45 164.53 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 MeanSD. There is no statistically significant eifnce in between groups.
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Table 2. Results of autonomic function tests done and taiifom with duration of diabetes.

Sl Test Parameter Diabetics Control r value
No (n=30) (n=30)

1 Deep breathing test  Delta heart rate 6. 8037 13.48 +3.57*** -0.908

2 Valsalva Maneuver  Valsalva ratio 0.8D21 1.18 +6.28*** -0.926

3 Handgrip test Rise in diastolic pressure 6.2885 13.24 2.56*** -0.747

4 Cold pressor test Rise in diastolic pressure 6.286 16.55 +1.97*** -0.888

Values expressed in MeanSD.

Discussion

The Prevalence of DM s rising rapidly besa of
increasing obesity and reduced physical agtilévels;
as countries become more industrialized. Algfimpuhe
most common neurological disturbance in diabéte
the involvement of peripheral nerves; the concantit

*p <0.05, **p <0.01, p *** <0.001.

During the strain period of valsalva maneuver thaod
pressure drops and the heart rate rises. Afteasel¢he
blood pressure rises, overshooting its resting evalnd
the heart slows. In patients with CAN the bloodsgree
slowly falls during strain and slowly returns tormal
after release, with no overshoot rise in blood gues and

involvement of autonomic nervous system (ANS$ hano change in heart rate. In this study the DM pédi¢he

long been known. When ANS is affected, it cadl&
variety of symptoms such as tachycardia, Gtttz
hypotension, gastro-paresis, fecal incontinertdadder
dysfunction; thus significantly affecting theuadity of
life of adiabetic patient. Furthermore, theesence of
autonomic neuropathy carries a significantigréased
risk of cardiovascular mortality, i.e. sudderardiac
arrest. Clinical symptoms of autonomic neuropajbamg-
erally do not occur until long after the onset @labtes.
Sub-clinical autonomic dysfunction, can howevec-
cur within a year of diagnosis in type lialoetic pa-
tients [14,15] Cardiovascular autonomic
(CAN) is clinically important form of diabetiauto-

valsalva ratio was 0.87 ©.21 and controls 1.18 .28
which was significantly lower in DM patients (p€01)
when compared to controls and it is negatively elated
with duration of DM (-0.926) which indicates therdtion
of DM is the cause for worsening of valsalva ratio.

During sustained handgrip a sharp rise in bloodgqne
occurs, due to a heart rate dependent increasardiac
output with unchanged peripheral resistance shdugd
normal reflex pathways be damaged, as in diabetitts
extensive peripheral sympathetic abnormalitiesrigeein

neuropath blood pressure is abnormally small. In our patiehts

rise in diastolic pressure in response to handgspwas

nomic neuropathy (DAN) which is associated witlm a 6.28 +2.85 whereas in controls it is 13.2£2:66 which is

increased risk of silent myocardial ischerailad mor-
tality. In this study, we tried to assess cardiouéar
sympathetic function in cases of controllegetyll
diabetes mellitus by measuring the delta hede ia
deep breathing test, valsalva ratio, rise in dlasres-
sure during hand grip test and cold pressor tedit,irf
systolic pressure during lying to standing. Thessults

highly significant and negatively correlated witietdura-
tion of diabetes (-0.747) which clearly shows tffeat of
duration of DM on CAN.

Under conditions of stress of either physical oych®-
logical origin, there is activation of SNS. Thddpres-
sor response which consists of placing the hancold

in cases were compared with age matched hyealtWater acts as a painful stimulus and has been teed

non diabetic controls. The results in cases wals®
analyzed for correlation with the duration of disdsemel-
litus.

Normally the heart rate varies continually but tlis-
pends on this depends on an intact parasympatietie
supply. During deep breathing in DM patients witANG

may have a noticeable reduction in, and sometires c

plete absence of variation. In our study DM patethie
delta heart rate is 6.103:37 in DM and 13.48 8.57 in
controls which is highly significant (p<0.001) aitdis
negatively correlated (-0.908) with duration of Dihich

study the autonomic response. In cold-pressor &st

increase in the SBP by 10-20 mm of Hg and DBP by

10mm ofHg is considered as a normal response. al-he
ferent fibers for this response are the somatieréitcarry-
ing the pain sensation, which are stimulated byipta
the hand in cold water, and efferent are the syhgbiat
fibers. In our study the difference in SBP and DBiRies
is less in diabetics as compared with controls. differ-
ence in DBP difference values are statisticallydigant
.The possible explanation for this pattern of aatit
nervous dysfunction is the presence of long axorear-
diac parasympathetic systems, which are relativedye

means that, as duration of DM increases the d@tath sensitive to the metabolic derangement as comptared

rate decreased.
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Hypotheses concerning the multiple etiologies of NDA 5.
include a metabolic insult to nerve fibers, neusoudar
insufficiency, autoimmune damage, and, neurohumoral
growth factors. Hyperglycemic activation of the yml 6.
pathway leading to accumulation of sorbitol andeptial
changes in the NAD: NADH ratio may cause direct-neu
ronal damage and/or decreased nerve blood flowvact
tion of protein kinase ¢ induces vasoconstrictiod ae-
duces neuronal blood flow. Increased oxidative sstre
with increased free radical production, causes wasc
endothelium damage and reduces nitric oxide bibavai
ability. Alternatively, excess nitric oxide prodigt may
result in formation of peroxynitrite and damageetalo-
thelium and neurons, a process referred to assalif@ o
stress. In a subpopulation of individuals with rogathy,
immune mechanisms may also be involved. Reduction i
neurotrophic growth factors, deficiency of essdrfasty
acids, and formation of advanced glycosylation &

7.

tors (localized in endoneurial blood vessels) a¢sult in  10.

reduced endoneural blood flow and nerve hypoxid wit
altered nerve function. The result of this muladtional
process may be activation of polyl ADP ribosylatie-

pletion of ATP, resulting in cell necrosis and eation of  11.

genes involved in neuronal damage which leads tdl CA
and this damage is more when the duration of DM in-
creases [16]. From this study it is concluded ttredt, du-
ration of diabetes has more effect of CAN. Sositdc-
ommended that testing for CAN should be done amia r
tine investigation of DM patients.

The procedures for performing tests for detectib@AN
are safe, non-invasive and require minimal infragtrre.

Limitations and future perspectives
The major limitation of the present study is leample
size. Also, we have not studied the newly diagnatied

betics. In our future studies, we plan to asses€CHN by 14

in newly diagnosed patients also. The autonontiwifc
measured in this study is not very accurate. Thesef

future studies should include more accurate mettodds 15.

assessment of sympathetic activity such as estmaii
plasma catecholamine or metabolites of catechokunin
urine like Vanillylamandelic acid (VMA), Metanephs,
and Normetanephrine.

16.
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