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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/√R-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 
test the significance.

RESULTS AND DISCUSSION

Hundred cases of type-2 incidence of cardiac auto-
nomic neuropathy (CAN). As evident from table 1, most 
of the patients 39% belonged to age group between 41-50 
years, 41% belonged to age group between 51-60 years 
and 20% belonged to age group between 61-70 years. 
In this, study 61 cases were males and 39 cases were 
females given in table-1. 

Table 1 
Age wise distribution of diabetic cases

Age Group 
(years)

No. of cases 
Male (n) Female (n) Total (n)

41-50 26 13 39
51-60 23 18 41
61-70 12 8 20
Total 61 39 100

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). 

Table 2
Duration of diabetes and symptoms of Autonomic 

Neuropathy

Duration of years
No. of cases

Male (n) Female (n)
< 5 years 9 5

5-10 years 46 24
> 10 years 7 9

Symptoms
Postural dizziness 30 22

Impotence/Infertility 17 13
Gustatory sweating 14 12

Atonic urinary bladder 8 7
Gastroparesis 7 5
Constipation 7 7

Diabetic diarrhea 5 5

Regarding the symptoms of autonomic neurop-
athy, postural dizziness (52%) was most common 
symptom in males next common symptom was im-
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

Sr.No Test characteristics Score No. of cases
Percentage (%)

Male Female

Valsalva ratio

1

Fall in diastolic BP (mmHg)

>1.21 0 38 46 54

2 1.11-1.20 1 42 48 52

3 < 1.10 2 20 51 49

Deep breath test

1

E:I Ratio (beat/min)

>15 0 25 55 45

2 11-15 1 35 60 40

3 <10 2 40 40 60

30:15 beat ratio

1

30:15 ratio

>1.04 0 20 62 38

2 1.01-1.03 1 30 61 39

3 < 1.0 2 50 70 30

       Postural hypotension

1

Fall in diastolic BP (mm Hg)

<10 0 65 70 30

2 11-29 1 20 65 35

3 >30 2 15 63 37

SHGT (blood pressure response to sustain hand grip)

1

Fall in diastolic BP (mm Hg)

>16 0 75 68 32

2 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

Score No 
of cases

Percentage (%)
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 
of the interval

Male 
(n)

Female 
(n)

Total 
(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 <5years 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 
neuropathy (n=75)

Diabetics without autonomic 
neuropathy (n=25)

Control 
(n=50)

QTc (mscec) 418±26 394±21* 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.
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ЗВ’ЯЗОК ПОКАЗНИКІВ ІНТЕРВАЛУ QT З СЕРЦЕВО-СУДИННОЮ ВЕГЕТАТИВНОЮ НЕЙРОПАТІЄЮ 
У ХВОРИХ НА ЦУКРОВИЙ ДІАБЕТ

Кумар С., Кодідала С.Р. 

Медичний коледж та клініка Зідуса, Даход, штат Гуджарат, Індія

satyanath3218@outlook.com

Актуальність. Серцево-судинна вегетативна нейропатія (СВН) є важким виснажливим і мало дослідженим захворюванням 
у пацієнтів з діабетом. Поширеність може варіювати від 2,5% (на основі даних у групах з первинною профілактикою) до 90% 
пацієнтів з діабетом. Клінічні прояви варіюють від ортостазу до інфаркту міокарда. Для діагностики використовуються мно-
жинні вегетативні функціональні тести для оцінки функцій як симпатичного, так і парасимпатичного відділів.

Мета: оцінити залежність між проявами серцевої вегетативної нейропатії та показниками інтервалу QT.
Методи. Перехресне дослідження було проведено на 100 пацієнтах, які відвідують лікарню високоспеціалізованої медич-

ної допомоги. Оцінювали прояви серцевої вегетативної нейропатії: тест на глибоке дихання, коефіцієнт Вальсальви, негайну 
реакцію ЧСС при стоянні 30:15, ступінь підвищення артеріального тиску (з використанням зап’ясного ременя), та постуральну 
гіпотензію. Проведено кореляцію між тривалістю інтервалу QT та проявами серцевої вегетативної нейропатії у контрольній та 
досліджуваних групах.

Результати. Зі 100 пацієнтів з діабетом 2 типу 60% становили чоловіки та 40% жінки. Виявлено 25 пацієнтів без серцевої 
вегетативної нейропатії та подовженого інтервалу QTc. У той час як у 75 пацієнтів подовження QTc було пов›язане з ранньою 
та тяжкою СВН. Подовження інтервалу QTc корелювало з проявами СВН у пацієнтів з діабетом у порівнянні з групою хворих 
без проявів СВН та контрольної групи (P<0001).
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Висновок. Діабетична кардіальна вегетативна нейропатія асоційована зі збільшенням тривалості інтервалу QTc. Отже, у 
пацієнтів з діабетом необхідно регулярно проводити функціональні тести для оцінки вегетативної нервової системи, щоб запо-
бігти подальшим ускладненням.

Ключові слова: цукровий діабет 2 типи, вегетативна серцева нейропатія, ЕКГ, інтервал QTc.

СВЯЗЬ ПОКАЗАТЕЛЕЙ ИНТЕРВАЛА QT С СЕРДЕЧНО-СОСУДИСТОЙ ВЕГЕТАТИВНОЙ 
НЕЙРОПАТИЕЙ У БОЛЬНЫХ САХАРНЫМ ДИАБЕТОМ

Кумар С., Кодидала С.Р. 

Медицинский колледж и клиника Зидуса, Даход, штат Гуджарат, Индия
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Актуальность. Сердечно-сосудистая вегетативная нейропатия (СВН) является тяжелым изнурительным, и мало исследо-
ванным заболеванием у пациентов с диабетом. Распространенность может варьировать от 2,5% (на основе данных в группах 
с первичной профилактикой) до 90% пациентов с диабетом. Клинические проявления варьируют от ортостаза до инфаркта 
миокарда. Для диагностики используются множественные вегетативные функциональные тесты для оценки функций как сим-
патического, так и парасимпатического отделов.

Цель: оценить зависимость между проявлениями сердечной вегетативной нейропатии и показателями интервала QT.
Методы. Перекрестное исследование было проведено на 100 пациентах, посещающих больницу высокоспециализирован-

ной медицинской помощи. Оценивали проявления сердечной вегетативной нейропатии: тест на глубокое дыхание, коэффи-
циент Вальсальвы, немедленную реакция ЧСС при стоянии 30:15, степень повышение АД (с использованием кистевого ремня), 
и постуральную гипотензию. Проведена корреляция между длительностью интервала QT и проявлениями сердечной вегетатив-
ной нейропатии в контрольной и исследуемых группах.

Результаты. Из 100 пациентов с диабетом 2 типа 60% составляли мужчины и 40% женщины. Выявлено 25 пациентов без 
сердечной вегетативной нейропатии и удлиненного интервала QTc. В то время как у 75 пациентов удлинение QTc было связано 
с ранней и тяжелой СВН. Удлинение интервала QTc коррелировало с проявлениями СВН у пациентов с диабетом при сравнении 
с группой больных без проявлений СВН и контрольной группы (P <0001).

Вывод. Диабетическая кардиальная вегетативная нейропатия ассоциирована с увеличением длительности интервала QTc. 
Следовательно, у пациентов с диабетом необходимо регулярно проводить функциональные тесты для оценки вегетативной 
нервной системы, чтобы предотвратить дальнейшие осложнения.
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