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Introduction
Diabetes mellitus (DM) is a collection of metabolic disorders 

unified by presence of hyperglycemia. This rapidly escalating 
healthcare challenging disease causes economic, social and healthcare 
burden due to its high prevalence and secondary patho-physiological 
changes in several systems of the body. Being a global epidemic, 
DM is estimated to affect 424.9 million people globally. Pakistan is 
among top 10 countries with disease burden of approximately 8.3% 
(7.5 million).1 

Many complications follow the onset of diabetes. Major diabetic 
complications are classified into macrovascular and microvascular. 
Diabetic cardiovascular autonomic neuropathy is one of the 
microvascular complications and confer high morbidity and mortality 
to diabetic patients. Several mechanisms were postulated for diabetic 
neuropathy e.g. high activity of polyol ‘pathway and protein kinase 
(PKc), advance-glycation-end-products (AGEs),2 excessive oxidative 
stress and formation of reactive oxygen species (ROS).3

CAN is a serious chronic complication of diabetes and an 
independent predictor of cardiovascular disease mortality. It causes 

abnormalities in heart rate as well as blood pressure control. It is very 
difficult to detect Diabetic Cardiovascular Autonomic Neuropathy 
(DCAN) at early stages because it stays silent for several years, that 
is why it is often over looked during both in diagnosis and treatment 
of diabetes. It is important to improve our understanding regarding 
CAN and its effects on cardiovascular system so as to incorporate 
latest treatment and reduce the disease burden of DCAN in diabetes 
patients.

It is also, recommended by several professional bodies,4–6 to 
perform subclinical assessment of CAN by utilizing CARTs as 
soon as T2DM is diagnosed. Early detection has significant role in 
quantifying the disease burden and planning health policies to tackle 
this worldwide problem.

Ewing’s CARTs are considered as Gold standard6 in CAN 
therefore, consistently been used for its subclinical assessment.7,8 
These tests interrupt the autonomic nervous system (ANS) around 
its operating point at rest, by deep breathing, changing posture and 
by performing the Valsalva maneuver to study heart rate changes, 
whereas orthostatic hypotension and sustained hand grip to study BP 
changes and responses were observed.6
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Abstract

Introduction: Diabetes Mellitus (DM) is one of the most significant killer diseases 
worldwide. Cardiovascular Autonomic Neuropathy (CAN) is among the severest but 
least understood complication of diabetes which remains undiagnosed for several 
years because of its asymptomatic nature. CAN affect the quality of life very badly 
and raises the risk of mortality as it is associated with dysfunction of cardiac system. 
Early diagnosis of CAN is needed to prevent high morbidity and mortality rates.

Aim: To identify the presence of Cardiac autonomic neuropathy in type II diabetic 
patients.

Methods: Seventy two cases of diabetes mellitus (type 2) with no clinical evidence 
of cardiac disease were subjected to cardiac autonomic function tests according to 
Ewing’s criteria, included the heart rate variability during deep breathing, Valsalva 
maneuver ratio, heart rate response on standing and BP response to standing and 
BP response to sustained handgrip to find the prevalence of CAN. Patients were 
categorized as with no CAN, early, definite and severe type of CAN depending upon 
abnormality of one or more tests.

Results: In this study prevalence of CAN was 40% out of which early, definite and 
severe involvement was found in 13.9.%,12.5% and 13.9% respectively.

Cardiac autonomic function tests (CARTs) of heart rate variability during deep 
breathing, Valsalva maneuver ratio, heart rate response on standing and BP response 
to standing and BP response to sustained handgrip found abnormal response in 36.1%, 
21%, 30.5%, 8.4% and 26.4% respectively. Tachycardia. Orthostatic hypotension, 
numbness and constipation were significantly associated with CAN.

Conclusion: Prevalence of CAN among diabetics was 40% and parasympathetic 
cardiac autonomic function tests are more sensitive for the detection of CAN than 
sympathetic cardiac autonomic function tests. Development of CAN in diabetic 
patients lead to poor prognosis, increased silent myocardial infarction and sudden 
cardiac death hence all diabetic patients should be routinely evaluated for CAN using 
these feasible bedside tests.
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Being the biggest city and central hub of trade, Karachi has a 
large population which shown to have high prevalence rate of DM 
(9.4%)9 and its underlying complications. Despite of high prevalence, 
still Karachi is lacking behind regarding any study conducted on this 
devastating complication. Hence, this study was conducted with the 
aim to find the prevalence of DCAN in population of Karachi Pakistan. 

Materials and methods
This cross-sectional study was conducted at Department of 

Medicine, Civil Hospital Karachi, Pakistan. Seventy-two clinically 
diagnosed type II Diabetic patients with at least three years duration of 
diabetes, from Diabetic clinic were selected for this study by purposive 
sampling technique. All patients were subjected to detailed history 
and systemic examination. Patients with history of hypertension, 
symptomatic neuropathy, confirmed coronary artery disease, heart 
failure or retinopathy were excluded from the study. Patients were 
selected having at least 3years duration of disease. Written informed 
consent was obtained from each patient prior to inclusion in the study. 
Approval from the Institutional Ethics Committee was taken before 
commencing the study.

Study protocol

Each subject was given rest for at least 20 minutes before carrying 
out the actual tests. Standard 12- lead electrocardiogram was taken, 
and resting heart rate was calculated from recording of ECG lead –II. 
All five Ewing`s tests were performed as following for the detection 
of DCAN (diabetic cardiac autonomic neuropathy):

Valsalva Maneuver: By the patient blowing into a mouth piece 
connected to a sphygmomanometer and holding it at a pressure of 40 
mmHg for 15 seconds while a continuous ECG was recorded. The 
maneuver was performed 3 times with an interval of one minute in 
between. The result was expressed as the Valsalva ratio. The mean 
of three Valsalva ratios was taken as the final value (normal Valsalva 
ratio 1.21; borderline between 1.11and 1.20; abnormal <1.10).

Heart rate variation during deep breathing: The patient sat 
quietly and breathed deeply at 6 breaths a minute (5 seconds in, and 
5seconds out) for one minute. An ECG was recorded throughout the 
each inspiration and expiration. The maximum and minimum R-R 
intervals during each breathing cycle were measured and converted 
to beats/minute. The result was then expressed as the mean of the 
difference between maximum and minimum heart rates for the 6 
measured cycles in beats/minute; (normal response >15 beats/minute, 
borderline 11-14 beats/minute; abnormal response <10 beats/ minute).

Immediate heart rate response to standing: The test was 
performed with the patient lying quietly on a couch while heart 
rate was recorded continuously on the ECG machine. The patient 
was asked to stand up unaided and the point at starting to stand was 
marked on the ECG. The shortest R-R interval at or around the 15th 
beat and largest R-R interval at or around the 30th beat after starting to 
stand was measured with a ruler. the characteristic heart rate response 
was expressed by 30 - 15 ratio (which is normal if >1.04; borderline 
between 1.01 and 1.03; and abnormal if <1.00).

BP response to standing: The test was performed by measuring 
the patient’s BP while he was lying down quietly and again when he 
stood up. The fall in BP after 2 minutes was taken as the difference 
between systolic BP lying and the systolic BP standing (normal 
response <10 mmHg; borderline 11-29 mmHg; abnormal response 
>30 mmHg).

BP response to sustained handgrip: After instructions in using 
hand grip of an inflated BP cuff, the subject gripped maximally with 
his dominant arm for a few seconds; this was repeated thrice. Highest 
of the 3 readings is called maximum voluntary contraction. Now the 
subject was instructed to maintain hand grip. The result was expressed 
as the difference between the highest DBP during hand grip exercise 
and mean of 3 DBP readings beforehand grip began (normal response 
>16 mmHg; borderline 11-15 mmHg; abnormal <10 mmHg). 

Results were further analyzed by following criteria:

Normal = all tests normal or 1 test borderline.

Early = one of the three heart rate tests abnormal or two borderline.

Definite = two heart tests abnormal.

Severe = two heart tests abnormal + one or both BP tests abnormal.

Statistical analysis was done using appropriate statistical tests with 
help of SPSS version 20.0. Statistical significance was considered 
when P value was <0.05. Data was presented as simple mean and 
standard deviation for quantitative data and as proportions for 
qualitative data. 

Results
There was a total of 144 cases, out of which 72 were type 2 

diabetic patients and healthy controls were 72 , were included in the 
study group after using proper exclusion criteria.

There was male (71.5%) predominating over females (28.5%). 
Mean age of controls (49.69 years) was not significantly different 
from cases (49.72 years). BMI was normal in both groups still it was 
significantly higher in cases (24.78) than controls (22.01) (Table 1).
Table 1 Baseline characteristics of controls and cases

Characteristics Study 
population   

 Controls Cases P value

Subjects (n) 72 72  

Gender 69 34  

M                      F 3 38  

103 (71.5%) 41 (28.5%)    

Age (Years) 49.69±9.1 49.72±8.8 >0.05

BMI (Kg/m2) 22.01±4.3 24.78±3.9 <0.05

2-h Plasma glucose (m.mol/l) 7.1489±0.38 14.90±4.92 <0.001*

FBS (m.mol/l) 4.89±0.45 9.024±2.9 <0.001*

All the values are presented as MEAN±8.1, P value represent the level of 
significance, *represents statistically significant difference

40.3% of the patients had positive CAN whereas 59.7% had 
no CAN. Early and definite type of CAN was 13.9% and 12.5% 
respectively whereas severe CAN was present in 13.9% of cases. 
Mean duration of diabetes among no CAN group was 8.00+4.37 and 
among CAN was 10.9±7.05 years respectively (Table 2). 

Numbness and constipation was the most common neuropathic 
symptom constituting 76% and 70% of DCAN cases. Heart rate 
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response to deep breathing was the most sensitive test and identified 
abnormal in 36% of cases. 
Table 2 Comparison of cardiovascular autonomic neuropathy among cases 
and controls

Autonomic neuropathy Controls Cases P value

Normal 58 (80.6%) 43 (59.7%)

Early CAN 14 (19.4%) 10 (13.9%) <0.001*

Definite CAN 0 (0%) 9 (12.5%)

Severe CAN 0 (0%) 10 (13.9%)

Total CAN 14(19.4%) 29 (40.3%)

All the values are presented as No. of subjects and percentage, P value 
represent the level of significance, *represents statistically significant difference

Discussion 

Cardiovascular autonomic neuropathy (CAN) is a weakness of 
autonomic control of the cardio vascular system; it reduces the quality 
of life as well as survival of diabetic patients. Autonomic nerve 
fibers from both parasympathetic and sympathetic branches become 
damaged at early stages of CAN. Patients found to have subclinical 
CAN at their first-time diagnoses of T2DM or even develop within a 
year of being diabetic; and two years after diagnosis of type I diabetes 
but, unfortunately, it remains asymptomatic for several years.10–12 

 In present study CAN was present in 29 patients (40.3%) out of 
72 patients. The prevalence of CAN shifts broadly from 36 to 80% in 
India13 to 22.2% in China14 and 25% in Egypt15 etc. Hence, literature 
revealed a very high prevalence of DCAN in diabetic patients (30% 
to 80%), and our results are in accordance with previous studies 
performed in different countries. In present study that heart rate 
variability test with deep breathing was found to be very sensitive test 
in identifying DCAN in asymptomatic patients. However, Ewing`s all 
five tests are recommended for diagnosis and confirmation of DCAN 
in patients.

In the present study, age is not found to be a risk factor 
for development of DCAN however, duration of diabetes was 
significantly correlated with the severity of CAN. Other studies16,17 
also reported that mean duration of diabetes was higher in patients 
with CAN as compare to No CAN patients. Poor glycemic status for 
prolonged period of time in context of diabetes may represent as vital 
factor for development and progression of DCAN. Numbness, resting 
tachycardia and constipation were the most common symptoms. 

CAN is one of the most ignored manifestation with respect to 
diabetes, have higher mortality rate than diabetics without CAN. It is 
responsible for exercise intolerance, intraoperative liabilities related 
to heart, hypotension on postural change, silent cardiac ischemia and 
excessive risk of deaths. 

Conclusion
On the basis of our study results, we recommend a multicenter 

study to be conducted in all provinces of Pakistan, with larger sample 
size that would represent the actual status of DCAN in Pakistani type 
II diabetic population. Also, as the Cardiac autonomic reflex tests 
(CARTs) as described by Ewing’s criteria are simple and reproducible 
diagnostic tool for evaluation cardiac autonomic neuropathy in diabetic 

patients, all diabetic patients whether symptomatic or asymptomatic 
should be routinely evaluated for presence of CAN using CARTs at 
the time of diagnosis and every five years thereafter. 
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