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Relevance. Cardiovascular autonomic neuropathy (CAN) is a severely debilitating yet underdiagnosed condition in patients with
diabetes. The prevalence can range from 2.5% (based on the primary prevention cohort in the Diabetes Control and Complications Trial)
to as high as 90% of diabetic patients. Clinical manifestations range from orthostasis to myocardial infarction. The diagnosis is made
using multiple autonomic function tests to assess both sympathetic and parasympathetic function.

Objective: this study was conducted to assess the relationship between Cardiac autonomic neuropathy and QT interval.

Methods. Cross sectional study was conducted in 100 patients attending tertiary care hospital. Deep breathing test, Valsalva ratio,
immediate heart rate response to standing 30:15, B.P rise with sustained hand grip and postural hypotension. Scoring was done for
cardiac autonomic neuropathy. QT interval and QTc interval were determined and association with CAN was obtained.

Results. Out of 100 type-2 diabetic patients, 60% were males and 40% females. 25 patients having no cardiac autonomic neuropathy
and had no prolonged QTc interval. While, 75 patients had QTc prolonged were associated with early and severe CAN cardiac autonomic
neuropathy. The prolonged QTc was significantly associated with CAN in diabetic patients when compared without-CAN and controls

(P<0001).

Conclusion. Diabetic cardiac autonomic neuropathy is associated with increase in prolongation of QTc intervals. Hence there is need
for regular checkup of autonomic nervous system in diabetic patient to prevent further complications.
Keywords: Type- 2 Diabetes, Cardiac autonomic neuropathy, ECG, QTc interval.

Relevance. Diabetes-associated cardiovascular au-
tonomic neuropathy (CAN) damages autonomic nerve
fibers that innervate the heart and blood vessels, results
in causing abnormalities in heart rate and vascular dy-
namics. It is well known fact that affect multiple organ
systems and is a major cause of morbidity and mortality
in patients with diabetes [1]. An association between
cardiac autonomic neuropathy and QT interval prolon-
gation was shown in many previous studies and it may
predispose to sudden death in diabetes due to cardiac
death or myocardial ischemia [2, 3]. CAN treatment
is a complex process which includes modification in
lifestyle, exercise. Most of the existing data regarding
QT interval and diabetic CAN are in type-1 diabetes
while only few studies in type 2 diabetes [4, 5]. The
main causes of QTc prolongation are long-term dia-
betes, ischemic heart disease, and autonomic system
insufficiency; with less frequency, etiologies such as
water and electrolyte imbalance which is associated
with CAN and Diabetes [6, 7].

Objective: the present study aimed to find out the
relationship of corrected QT (QTc) interval and QTc
dispersion with diabetic cardiac autonomic neuropathy in
type 2 diabetes so that we can identify a subset of diabet-
ic patients who are at high risk for sudden cardiac death.

MATERIALS AND METHODS

This cross sectional study was conducted on 100 pa-
tients of type-2 diabetes admitted in in patient ward of
tertiary care hospital from January 2019 to March 2020.

Ethical clearance was taken from IEC and informed con-
sent was taken from all the participants.

Inclusion Criteria. Type-2 diabetes mellitus and hav-
ing symptoms of autonomic neuropathy like, postural
dizziness, impotence, gustatory sweating, atonic urinary
bladder, gastroparesis, neuropathy, tingling sensation,
hyperaesthesia and numbness. Cases with evidences of
heart diseases, electrolyte imbalance, abnormal resting
ECGs, taking drugs known to interfere with autonomic
function tests were excluded.

Cardiac dysautonomia was assessed by cardiovascular
response to five noninvasive autonomic function tests as
recommended by Ewing’s et al. [8]. These include: Valsal-
va ratio: (heart rate response to Valsalva maneuver), deep
breath test, 30:15 ratio (immediate heart rate response to
standing), postural hypotension (blood pressure response
to standing) and SHGT (Blood pressure response to sus-
tained handgrip). Scoring was done as per criteria advocat-
ed by Bellavere et al., and Lahotia et al. [9, 10]. A score of
2 or more denoted definite cardiac autonomic neuropathy.

The patients who had definite cardiac autonomic neu-
ropathy were subjected to resting ECG and QT interval;
R-R interval calculated and the QTc were determinate. The
QTc was calculated based on Bazett’s formula; QTc=Q-
T/AR-R and a value exceeding 440 msec was considered
prolonged. Fifty healthy volunteers were also subjected
to resting ECG and their mean QTc remained below 440
msec.

Statistical Analysis. Data was entered in Ms-Word
and expressed in numbers. Analysis of data was done by
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SPSS-23 latest version. Students t- test were applied to Table 2
test the significance. Duration of diabetes and symptoms of Autonomic
Neuropathy
RESULTS AND DISCUSSION buration of No. of cases
. . . uration o1 years
Hundred cases of type-2 incidence of cardiac auto- y Male (n) Female (n)
nomic neuropathy (CAN). As evident from table 1, most <5 years 9 5
of the patients 39% belonged to age group between 41-50 5-10 years 46 24
years, 41% belonged to age group between 51-60 years > 10 years 7 9
and 20% belonged to age group between 61-70 years. —
In this, study 61 cases were males and 39 cases were — ymproms
females given in table-1. Postural dizziness 30 22
Impotence/Infertility 17 13
Table 1 .
. . . Gustatory sweating 14 12
Age wise distribution of diabetic cases .
Atonic urinary bladder 8 7
Age Group No. of cases Gastroparesis 7 5
(years) Male (n) Female (n) Total (n) Constipation 7 7
41-50 26 13 39 Diabetic diarrhea 5 5
51-60 23 18 41 . ]
Regarding the symptoms of autonomic neurop-
61-70 12 8 20 LT o
athy, postural dizziness (52%) was most common
Total 61 39 100 symptom in males next common symptom was im-

Besides, most of the patients (14%) had duration of
<5 years (70%) had duration of 5-10 years (16%) had
duration of >10 years (table 2).

potence (17%) and infertility in females was (13%),
while diarrhea (10%) was the least common symptom
(table 3).

Table 3
Cardiac autonomic tests in diabetic patients
Percentage (%)
Sr.No Test characteristics Score No. of cases
Male Female
Valsalva ratio
1 >1.21 0 38 46 54
2 Fall in diastolic BP (mmHg) 1.11-1.20 1 42 48 52
3 <1.10 2 20 51 49
Deep breath test
1 >15 0 25 55 45
2 E:I Ratio (beat/min) 11-15 1 35 60 40
3 <10 2 40 40 60
30:15 beat ratio
1 >1.04 0 20 62 38
2 30:15 ratio 1.01-1.03 1 30 61 39
3 <1.0 2 50 70 30
Postural hypotension
1 <10 0 65 70 30
2 Fall in diastolic BP (mm Hg) 11-29 1 20 65 35
3 >30 2 15 63 37
SHGT (blood pressure response to sustain hand grip)
1 >16 0 75 68 32
2 Fall in diastolic BP (mm Hg) 11-15 1 15 56 44
3 <10 2 10 60 40
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As evident from table 3, Valsalva ratio, deep breath
test, 30:15 beat ratio, postural hypotension test and SHGT
were abnormal. The grading score for CAD showed that
75% cases were having score >2 were 25% of cases had
score <2. Out of 75 patients 44 were between score 2-4
and 31 were above score 4 mentioned in table-4.

Table 4
Scoring of cardiac autonomic neuropathy
Scoring of CAD
No | Percentage (%)
Score

of cases| Male |Female
0-1 (No autonomic neuropathy) 25 52 48
2-4 (early autonomic neuropathy) 44 53 47
>5 (severe autonomic neuropathy) 31 49 51

QTc interval in diabetic patients were given in table-5.

Table 5
QTc interval in diabetic patients
The duration Male Female Total
of the interval (n) (n) (n)
<440 (msec) 40 23 63
>440 (msec) 21 16 37
Total (n) 61 39 100

Association of CAD and QTc interval in diabetic
patients were done in table-6. There was a significant
association between QTc and diabetis was found when
compared CAN with non CAN and controls.

Diabetic CAN is most common in chronic complica-
tion in diabetic patients. 100 diabetic patients were as-
sessed cardiac autonomic neuropathy (CAN) and establish
the relationship between CAN and QTc interval. Out of
the 100 patients studied, the majority of the patients i.e.,
39% belonged to age group 41-50 years, 41% belonged
to age group 51-60 years and 20% belonged to age group
61-70 years. Out of the 100 patients, 39 patients were
females and 61 were males. The majority 71% of patients
had diabetes of 5-10 years duration, 16% of patients had
diabetes of >10 years duration and 14% of patients had
diabetes of <Syears duration. In Bathwal et al. [11] study,
the mean duration of diabetes was 6.5 years. 19 (38%)
patients had nephropathy (as indicated by urine albumin)
and these patients were having duration of diabetes of > 7
years. Thus there is direct relationship of nephropathy with
the duration of diabetes. QTc is prolonged in majority of
cases (14 out of 19 cases), who had nephropathy.

Valsalva Ratio. 20% of cases had an abnormal re-
sponse (i.e. <1.10). Previous studies by Ewing’s [12],
Bathwal et al. [11] and Lakhotia et al. [10] had abnormal
response of 26%, 22.3 % and 20 % , respectively.

Deep Breath Test. 20% patient had abnormal response
in this study. In Ewing’s study [12], it was 42%, Bathwal
et al. [11], it was 38.3% and in Lakhotia et al. [10], the
abnormal response was 42% abnormal with 20% bor-
derline cases.

30:15 Ratio. Our study had 42% cases with abnor-
mal response in this study. In Ewing’s study [12], it was
38% abnormal cases, In Bathwal et al. [11] it had 17%
abnormal cases, where as in another study it was 42%
abnormal with 2% border line cases [10].

Postural Hypotension. This study had 15% cases
with abnormal response. In Ewing study [12] it was 16%
abnormal cases and in Bathwal et al. study [11], it was
4.4% abnormal cases and in Lakhotia et al., study [10],
it was 16% abnormal.

SGHT. 10% cases had an abnormal response in this
study. In Ewing’s study [12], it was 14% abnormal cases
and in Barthwal et al. studies [11] it was 14.9% and in
Lakhotia et al. studies [10] it was 26% abnormal cases.
Previous studies by Ewing’s [12] and Barthwal et al.
[11] had not mentioned the borderline cases, however
Lakhotia et al. study [10] had stated about borderline
cases. Our study had higher score when compared to
Lakhotia et al. study [10], it might be due to less sample
size in their study.

Our study shows that the abnormal result for deep
breath test was highest among other tests, which was also
corroborated with the previous studies [10-12]. The 30:15
ratio and Valsalva ratio stood 2nd and 3rd position respec-
tively, while the postural hypotension and SHGT are less
commonly affected. This clearly demonstrates that the
development of autonomic neuropathy typically involves
the parasympathetic fibers before the sympathetic nerve
fibers [13, 14]. Our study shows that 25 patients had no
CAN with no QTc prolongation, these patients had average
duration of type 2 DM between 5-6 years.

Further, patients having early and chronic CAN had
QTc prolongations in the range of >440. Hence it strong-
ly indicates that severity of cardiac autonomic neuropa-
thy and QTc prolongation appears to have a relationship
with duration of type-2 diabetes mellitus.

Based on our findings, QTc prolongation was noticed
in cardiac autonomic neuropathy also by many other in-
vestigators [15, 16]. QTc has been clearly established as

Table 6
Relation between QTc interval and diabetic autonomic neuropathy
Indicator Diabetics with autonomic Diabetics without autonomic Control
neuropathy (n=75) neuropathy (n=25) (n=50)
QTc (mscec) 418+26 394421%* 372+15%

Note: * — indicates significant P — value <0.0001
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a predictor of sudden cardiac death. So diabetic patients
should be screened for cardiac autonomic neuropathy
regularly and those with abnormal QTc should be closely
monitored. Hence, there is a strong need for earlier and
regular evaluation of autonomic nervous system in type 2
diabetics to prevent further complications [17]. The study
has shown that QTc prolongation is an easy and reliable
testing method for diabetic cardiac autonomic failure and
enables routine measurements for physicians in clinical
practice. The data from the current study demonstrated
that diabetics had cardiac sympathetic and cardiac para-
sympathetic nervous system involvement. The presence
of symptoms and the involvement of the autonomic ner-
vous system suggest that autonomic dysfunction depends
on the duration of diabetics.

CONCLUSION

CAN the results of the investigation indicate there
was prolongation of QTc in type-2 diabetic patients with
different degree of CAN. Further research on a large sam-
ple size is required to further elucidate the findings of this
study and effectiveness of QTc prolongation may be tak-
en as a direct evidence of cardiac autonomic neuropathy
in diabetics. The prevalence of CAN in Diabetes is high.

Study limitation. The study have limitations of small
populations which can be extended with larger popula-
tion. Study did not include clinical follow-up on cardiac
mortality of patients.

Competing interests. The authors declare no com-
peting interests.
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3B’S130K IOKA3HUKIB IHTEPBAJIY QT 3 CEPHEBO-CYANMHHOIO BEI'ETATUBHOIO HEMPOIIATIEIO
Y XBOPHUX HA IYKPOBUU NIABET

Kymap C., Kooioana C.P.
Meouunuii konedoic ma kuinixa 3ioyca, [axoo, wmam I'yooxcapam, Inois

satyanath3218@outlook.com

AkTyaabHicTb. CeprieBo-cynnHHa BeretaruBHa Heliponatist (CBH) € BayKKHM BHCHaKIIMBUM 1 MaJIO IOCITIIKCHUM 3aXBOPIOBAHHSAM
y nauieHTiB 3 giaderom. ITommpenicts Moxe BapitoBatH Bix 2,5% (Ha OCHOBI JaHMX y Ipymnax 3 NEpBUHHOIO MpodinakTuko) 10 90%
naunieHTiB 3 aiaderoM. KuiHiuHi nposiBU BapiroroTh Biji opTocTasy ao iHdapkry Miokapaa. st 1iarHOCTHKH BUKOPHCTOBYIOTHCSI MHO-
JKWHHI BeTeTaTHBHI (PYHKIIIOHATIBbHI TECTH JUIS OLIHKM (QYHKIIIH K CHMITATUYHOTO, TaK 1 MapacHMIIaTHYHOTO BiJUILTIB.

MeTa: OLIHUTH 3aJICKHICTD MK IIPOSBAMHU CEPIICBOI BEreTaTUBHOI HEHpomarii Ta mokasHukamu iHrepaary QT.

Mertoau. Ilepexpecue mpociimpkenns Oysao nposeaeHo Ha 100 mamienTax, sKi BiZBiyIOTh JIKQpPHIO BUCOKOCIIEIiali30BaHOT MeaANY-
HOT nornoMory. OLiHIOBaIN NPOSIBH CEPLIEBOT BereTaTHBHOI Helpomnarii: TecT Ha MIMOOKe quXaHHs, KoedilieHT Banbcansy, HeraiiHy
peaxkiro YCC nipu crostaHi 30:15, CTYHIHE MiABUIICHHS apTepiaIbHOTO THUCKY (3 BUKOPHCTAHHSM 3aIl’ICHOTO PEMEHS), Ta HOCTypalbHy
rinotensito. [IpoBeneHo Kopersito Mix TpuBaiicTio iHTepBary QT Ta mposiBaMu cepiieBoi BEreTaTHBHOI Heifpomnarii y KOHTPOJIbHiH Ta
JOCITIIXKYBaHUX IPyTax.

PesyabTarn. 3i 100 namienTis 3 giaberom 2 tumy 60% cranoBmin yosioBiku Ta 40% sxinku. BusiBieno 25 maiieHTiB 6e3 ceprieBol
BereTaTMBHOI Helipomnarii Ta noxomxkenoro inTepsary QTc. ¥V Toif wac sk y 75 manientiB nogosxkenHs QTc Oyio nowys3ane 3 paHHBOIO
ta TspKKoto CBH. [Mogoxkenns intepBany QTc xopenroBano 3 nposisamu CBH y mamieHTiB 3 niabeToM y MOpiBHSHHI 3 TPYIOI0 XBOPUX
6e3 mposiis CBH Ta konTponsuoi rpynu (P<0001).
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BucHoBok. /liabeTuuHa kap/iajibHa BereTaTuBHA Helpomnaris acouiiioBana 31 30i1blICHHIM TpuBasocti iHtepBany QTc. Orxe, y
TMali€eHTIB 3 Aia0eTOM HEe0OXiTHO PEeryIsIpHO NPOBOANTH (PyHKI[IOHAIEHI TECTH JJISL OL[IHKH BET€TaTHBHOI HEPBOBOI CHCTEMH, 11100 3ar1o-
OIrTH MOAATBIINM YCKITaJHEHHIM.

Kurouosi ciioBa: 1ykposuit giadet 2 Tunu, BereratuBHa cepuesa ueiiponarist, EKT, intepsan QTc.

CBA3b HOKA?;ATEJ‘I‘EI‘/'I HHTEPBAJIA QT C CEPIEYHO-COCYJIUCTOM BETETATUBHOM
HEUWPOITATHEU Y BOJIbHBIX CAXAPHBIM IUABETOM

Kymap C., Koouoana C.P.
Meouyurnckuil koaneoxc u kaunuxa 3udyca, axoo, wmam [ yoxcapam, Unous

satyanath3218@outlook.com

AkTyajbHocTb. CepaeuHo-cocynuctas BereraruBHas Hefiponartus (CBH) siBisiercs TSDKeNbIM H3HYPUTENIBHBIM, M MaJIO UCCIIEN0-
BaHHBIM 3a00JIEBaHNEM Yy MAIMEHTOB C AnadeToM. PacipocTpaHEeHHOCTh MOXKET BapbUpoBaTh OT 2,5% (Ha OCHOBE JAHHBIX B IPyIIIax
¢ mepBuYHOIT mpodunakTukoif) 10 90% maruenTos ¢ xauaderoM. KimHudeckne mposBiIeHHsT BapbUPYIOT OT OPTOCTa3a 10 MH(papKTa
MHOKap/a. JJjist TMarHoCTHKY HCHONb3YIOTCSl MHOJKECTBEHHbIE BETETaTHBHBIE (DYHKIIMOHAIBHBIE TECTHI AT OLEHKU (PyHKIMI Kak CHM-
[AaTUYECKOI0, TAK U NapacUMIIaTHYECKOrO OT/EIIOB.

Iesib: OLICHUTH 3aBUCUMOCTD MEXy IPOSBICHUSAMU CEpP/ICUHON BereTaTUBHON HelfponaTuu U nokasarensaMu uatepsana QT.

Mertonasl. I[TepexpectHoe uccnenoBanue 66110 MpoBeneHo Ha 100 manuenTax, MOCEmAoMUX OOIBHUITY BEICOKOCHEHATN3UPOBAH-
HOW MeIUIMHCKOM momontd. OICHUBAIN NPOSBICHHUS CEPACYHON BEreTaTUBHOIN HEHpOMATHU: TeCT Ha IIyOOKoe IbIXxaHue, Koda(du-
et BanbcanbBel, HememieHHyto peakuust YCC npu crosauu 30:15, crenens nosblimeHre A/l (¢ HCIOIB30BaHUEM KHUCTEBOTO PEMHS),
U [IOCTypallbHy0 runoTeH3uto. [IpoBenena koppensaus Mex 1y JUINTeIbHOCTb0 HHTepBaia QT u nmposBiaeHUsAMU cepeUHOl BereTaTus-
HOM HEHpOIaTHH B KOHTPOIBHOM U UCCIIEAyeMbIX IPyIIax.

Pesyabrarsl. 3 100 nmamuentoB ¢ quadetom 2 tuma 60% coctaBisuin Myx4auHbl 1 40% KeHIIUHBL. BersiBaeno 25 nmanuenTtos 0e3
Cep/ieuHoil BereTaTuBHOI Heliporatiy 1 yaiauHenHoro natepsasia QTc. B To Bpems kak y 75 nanuentos yaiuuHenue QTc Ob1I0 cBsI3aHO
¢ panHeii u Tspkenoit CBH. Yumuenue nnrepsana QTc koppennposaio ¢ nposiennsivu CBH y manmenToB ¢ 1uabeToM npy CpaBHEHUH
¢ Tpymnmoii 6onpHBIX 0e3 nposiBienuit CBH u konTponsHOi rpynmsl (P <0001).

BriBoa. [lnabernyeckast KapJuanbHas BETETaTHBHAS HEHPOMATHs acCOIMMPOBAHA C yBEIHMUYEHHEM AnnuTenbHoCTH nHTepBana QTc.
CrieioBaTellbHO, y MALMEHTOB C JHA0ETOM HEOOXOAMMO PEryISIPHO IPOBOIUTH (YHKIHOHAIBHBIE TECThI JJIsl OLIGHKH BEreTaTUBHOM
HEpPBHOM CHCTEMBI, YTOOBI IIPEAOTBPATUTD JAIBHEHIIINE OCIIOKHEHUSL.

KuroueBbie c10Ba: caxapHsblii 1uadeT 2 TUIa, BeretaTuBHas cepaeunas Heiponarus, DKI, marepsan QTc.
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