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Abstract

Background: Cardiac autonomic neuropathy (CAN) is a prevalent but frequently underdiagnosed complication
of diabetes mellitus that predisposes patients to silent cardiac dysfunction and an elevated risk of sudden cardiac
death. Although cardiac autonomic reflex tests (CARTs) remain the established diagnostic gold standard, their
correlation with echocardiographic parameters in Indian individuals with diabetes has not been comprehensively
investigated.

Objective: This study aimed to assess how echocardiographic abnormalities correlate with CART-defined CAN
in individuals with diabetes mellitus.

Methods: A prospective observational study was conducted among 130 patients with type 1 and type 2 diabetes
mellitus attending Gandhi Medical College and Hamidia Hospital, Bhopal. All participants underwent cardiac
autonomic reflex testing, including assessment of the Valsalva ratio, heart rate response to deep breathing,
resting tachycardia, orthostatic hypotension, and QTc interval. Standard two-dimensional echocardiography was
also performed for each subject. The severity of cardiac autonomic neuropathy (CAN) was classified according
to the Toronto Consensus criteria. Statistical analysis was carried out using chi-square tests and receiver
operating characteristic (ROC) curve analysis.

Result: Echocardiographic abnormalities were observed in 25 patients (19.2%). The most common alteration
was isolated left ventricular diastolic dysfunction (LVDD) in 15.4% of cases, followed by left ventricular
hypertrophy (LVH) in 9.2%, with both abnormalities coexisting in 0.8%. A significant association was noted
between LVDD and both abnormal Valsalva ratio (90%) and definite cardiac autonomic neuropathy (CAN)
(95%). Prolongation of the QTc interval (>440 ms) was more frequent among patients with CAN compared to
those without (34% vs. 7%, p < 0.05) and correlated with poor glycaemic control. Receiver operating
characteristic (ROC) curve analysis demonstrated that cardiac autonomic reflex tests (CARTs) alone predicted
CAN with an area under the curve (AUC) of 0.78, which improved to 0.83 when echocardiographic indices
were included.

Conclusion: Echocardiographic abnormalities, particularly LVDD, are closely linked to CAN identified through
CARTs. Integrating CARTs with echocardiography and QTc measurement improves diagnostic accuracy and
may be valuable for routine screening of high-risk diabetic patients.

Keywords: Diabetes Mellitus, Type 2 Diabetes, Type 1 Diabetes, Tachycardia, Autonomic Neuropathy,
Valsalva, 2D Echocardiography, QTc.
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Introduction

Diabetes mellitus (DM) is a chronic metabolic substantial advances in its management, DM
disorder characterized by sustained hyperglycemia continues to pose a major global health challenge
resulting from impaired insulin secretion, insulin and remains a leading cause of morbidity and
resistance, or a combination of both. Despite mortality worldwide [19]. The disease affects
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nearly every organ system, with cardiovascular
involvement being particularly consequential.
Among the cardiovascular complications, cardiac
autonomic neuropathy (CAN) represents a
commonly  under-recognized yet clinically
significant manifestation [2,3]. CAN, a distinct
subset of diabetic autonomic neuropathy, develops
as a result of chronic hyperglycemia—induced
injury to autonomic nerve fibers, most notably the
vagus nerve [1,5]. The ensuing imbalance between
parasympathetic and sympathetic tone gives rise to
a spectrum of manifestations including resting
tachycardia, exercise intolerance, orthostatic
hypotension, and, in severe cases, sudden cardiac
death [2,3,4]. Reported prevalence rates range from
10% to 30%, increasing with longer disease
duration, inadequate glycemic control, and the
presence of other microvascular complications
[13,14,20]. Landmark investigations such as the
EURODIAB and DCCT/EDIC studies have firmly
established the relationship between chronic
hyperglycemia and the development of autonomic
dysfunction [6,7].

The pathogenesis of CAN is multifactorial,
encompassing  oxidative  stress, endothelial
dysfunction, and the accumulation of advanced
glycation end-products, all of which compromise
neural perfusion and function [5,9,10]. Additional
contributors  include inflammatory pathways,
mitochondrial damage, and autoimmune
mechanisms, the latter being particularly relevant
in type 1 diabetes [9,10,16]. Importantly, CAN is
now recognized as an independent predictor of
cardiovascular mortality in individuals with
diabetes [2,15,21].

Recent evidence highlights a close link between
CAN and subclinical cardiac dysfunction,
particularly left ventricular diastolic dysfunction
(LVDD). Echocardiographic studies—including
recent work by Lee and Kim (2024)—suggest that
autonomic imbalance contributes to myocardial
stiffness, representing an early phase of diabetic
cardiomyopathy [12]. Parameters such as reduced
mitral annular velocities and elevated E/e’ ratios
underscore the value of echocardiography in
detecting early myocardial involvement [12,9].

Early recognition of CAN is critical for effective
risk stratification and the implementation of
preventive strategies. The DCCT and EDIC trials
conclusively demonstrated that intensive glycemic
control can reduce both the incidence and
progression of CAN [6,7]. Although current
treatment approaches remain primarily
symptomatic, newer antidiabetic agents such as
sodium—glucose cotransporter-2 (SGLT2)
inhibitors and glucagon-like peptide-1 (GLP-1)
receptor agonists have shown promising potential
in improving cardiovascular outcomes in this high-
risk group([8,23,24].
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Materials and Methods

Study design and setting: This prospective
observational study was carried out in the
Department of Medicine, Gandhi Medical College
and its affiliated Hamidia Hospital, Bhopal,
Madhya Pradesh, over an 18-month period. Ethical
clearance was obtained from the Institutional Ethics
Committee prior to study initiation, and written
informed consent was obtained from all
participants before enrolment.

Study population

A total of 130 patients with type 1 and type 2
diabetes mellitus were included in the study. The
sample size was calculated assuming an expected
prevalence of cardiac autonomic neuropathy
(CAN) of 20%, a 95% confidence interval (z =
1.96), and an absolute precision of 7%, yielding a
minimum required sample size of approximately
125 participants.

Inclusion Criteria:

o Patients aged > 18 years diagnosed with
diabetes mellitus according to the American
Diabetes Association (ADA) 2017 criteria.

Exclusion Criteria:

o Patients receiving medications known to
influence autonomic function or blood glucose
levels.

o Patients with chronic debilitating illnesses that
may independently affect autonomic function
(e.g., amyloidosis, rheumatic disorders,
malignancy, or sepsis).

Clinical and laboratory assessment: FEach
participant underwent a detailed history and
physical examination, followed by baseline
investigations including complete blood count,
renal and liver function tests, urine analysis, and a
resting 12-lead electrocardiogram (ECG).

Cardiac autonomic function tests: Assessment of
cardiac autonomic neuropathy was performed using
standard cardiac autonomic reflex tests (CARTS),
as recommended by the Toronto Consensus Panel.

The following parameters were evaluated:

o Resting heart rate: > 100 bpm considered
abnormal.

e Heart rate variability (HRV) with deep
breathing: difference < 10 bpm considered
abnormal.

e Valsalva ratio: ratio < 1.2 considered
abnormal.
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e Orthostatic hypotension: fall in systolic BP >
20 mmHg or diastolic BP > 10 mmHg within 3
minutes of standing considered abnormal.

e QTc interval: corrected QT > 450 ms in men
and > 460 ms in women considered abnormal.

Grading of CAN [3]:
o Early CAN: one test abnomral.
e  Definite CAN: two or more abnormal tests.

e Severe CAN: presence of orthostatic
hypotension with at least one other abnormal
test.

Echocardiographic evaluation: All participants
underwent standard two-dimensional
echocardiography.  Structural and functional
abnormalities, including left ventricular
hypertrophy (LVH) and left ventricular diastolic
dysfunction (LVDD), were assessed and
documented.

Statistical analysis: Data were compiled in
Microsoft Excel and analyzed using SPSS version
20. Continuous variables were expressed as mean +
standard deviation (SD), while categorical variables
were presented as frequencies and percentages. The
independent t-test was applied to compare
continuous variables, and the chi-square test was
used for categorical data. Diagnostic performance
of CARTs alone and in combination with
echocardiographic parameters was evaluated using
receiver operating characteristic (ROC) curve
analysis. A p-value < 0.05 was considered
statistically significant.

Ethical consideration: Ethical approval was
granted by the Institutional Ethics Committee of
Gandhi Medical College, Bhopal (M.P.) prior to
commencement of the study (approval copy
enclosed).

Results

Echocardiographic findings: Out of the 130
patients with diabetes mellitus, echocardiographic
abnormalities were found in 25 patients (19.2%).
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The most common abnormality detected was left
ventricular diastolic dysfunction (LVDD), seen in
20 patients (15.4%). Concentric left ventricular
hypertrophy (LVH) was present in 12 patients
(9.2%), while only one patient (0.8%) showed both
LVDD and LVH together.

There was a clear association noted between
echocardiographic changes and the presence of
cardiac autonomic neuropathy (CAN). Patients who
had LVDD showed the highest frequency of
definite CAN (19 out of 20; 95%), whereas 4 of 12
patients with LVH also had CAN. In comparison,
most of the patients with normal echocardiographic
findings were free from CAN (84 out of 97). This
relationship was statistically significant (p <0.001).

Echocardiography and autonomic reflex tests:
Abnormal Valsalva ratio was found to be strongly
associated with echocardiographic dysfunction.
Among the 20 patients with LVDD, 18 (90%) had
abnormal Valsalva responses. Similarly, the
patients who had both LVDD and LVH showed a
higher proportion of abnormal autonomic reflex
tests (p < 0.001). These findings indicate that
impaired parasympathetic control has a strong link
with early or subclinical diastolic dysfunction.

QTc interval abnormalities: A prolonged QTc
interval (>450 ms in men and >460 ms in women)
was recorded in 35 patients (26.9%). The frequency
of QTc prolongation was significantly higher
among patients with CAN when compared with
those without (74% vs. 25%, p < 0.05). In addition,
QTc prolongation was more frequent in patients
with poor glycaemic control (HbAlc >9%), where
31 out of 39 (79.5%) had prolonged QTc. On the
other hand, none of the patients with HbAlc <7%
showed such changes.

The duration of diabetes also appeared to influence
QTc changes, although the difference was not
statistically significant (p = 0.41). Abnormal QTc
intervals were observed in 13 patients with disease
duration less than 5 years, 14 patients with 5-15
years, and 8 patients with more than 15 years of
diabetes.

Table 1:
| Baseline Variables No. of patients (n=130) Percentage (%)
Echocardiographic findings
Normal echo 97 74.6
LV Diastolic Dysfunction (LVDD) 20 15.4
LV Hypertrophy (LVH) 12 9.2
LVDD + LVH 1 0.8
Echocardiographic findings in CAN patients
LVDD with definite CAN 19 95.0 (of LVDD)
LVH with CAN 4 33.3 (of LVH)
Normal echo with CAN 13 13.4 (of normal)
QTc interval
| Normal QTc 95 73.1
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| Prolonged QTc (>450 ms in men, >460 ms in women) 35 26.9
Tc vs CAN
CAN-positive with prolonged QTc 26 74.3
CAN-negative with prolonged QTc 9 24.7
Tc vs Glycemic control (HbA1c)
HbAlc <7% with prolonged QTc 0 0
HbAlc 7-9% with prolonged QTc 4 10.3
HbAlc >9% with prolonged QTc 31 79.5
Tc vs Duration of diabetes
<5 years 13 10
5-15 years 14 10.8
>15 years 8 6.2
Table 2: Frequency distribution of 2D-Echocardiography findings in patients
2D Echo Remark No of Patients (Total n=130)
Normal 97
Concentric LVH 12
Diastolic Dysfunction 20
Diastolic Dysfunction and LVH 1
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Figure 1: Frequency distribution of 2D-Echocardiography findings in patients
Among the 130 diabetic patients studied,

echocardiographic abnormalities were observed in
25 (19.2%) individuals.

The majority had a normal echocardiogram
(74.6%), while left ventricular diastolic dysfunction

in 20 patients (15.4%). Concentric left ventricular
hypertrophy (LVH) was present in 12 patients
(9.2%), and one patient (0.8%) exhibited both
LVDD and LVH, indicating overlapping structural
and functional cardiac changes.

Table 2: Frequency distribution of prolonged QTc values in patients

CAN Status Number of Patients (n=35)
CAN-positive with prolonged QTc 26
CAN-negative with prolonged QTc 9
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Figure 2: Frequency distribution of prolonged QTc values in patients

Out of 35 patients with prolonged QTc, 26 (74.3%)
were CAN-positive, while 9 (24.7%) were CAN-
negative. This demonstrates a clear predominance
of QTc prolongation among patients with cardiac
autonomic neuropathy, highlighting its value as an
indicator of autonomic dysfunction in diabetic
individuals.

Discussion

This study ia prospective observational study
conducted on a total of 130 patients in the
Department of Medicine, Gandhi Medical College,
Bhopal. Cardiac autonomic neuropathy (CAN) is
one of the most overlooked yet clinically important
complications of diabetes mellitus. It adds
significantly to the cardiovascular disease burden
and continues to be a major contributor to
morbidity and mortality among diabetic individuals
[1,2,3]. The present study aimed to assess the
prevalence and pattern of CAN and to examine its
association with disease duration, glycemic control,
and the echocardiographic abnormalities in diabetic
patients.

Most of the participants in our study were cases of
type 2 diabetes mellitus (T2DM), comprising
83.1% of the total cohort. This pattern reflects the
rising dominance of T2DM in India as well as
worldwide [19]. The mean age of our participants
was 40.5 £ 11.2 years, with the majority falling
between 30 and 60 years. This trend supports the
ongoing shift of diabetes towards younger age
groups, probably due to sedentary lifestyle habits
and increasing obesity prevalence [19]. A slight
male predominance (56.9%) was observed, which
is consistent with findings from other hospital-
based studies [20]. The duration of diabetes and the
degree of glycemic control were found to be the
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most important determinants of CAN [6,7,24]. In
our study, 55.4% of patients had diabetes for 5—15
years, and 15.4% for more than 15 years. Both the
prevalence and severity of CAN increased
proportionally with disease duration, reaffirming
the role of long-standing hyperglycemia and
chronic microvascular ischemia in damaging
autonomic nerve fibers [1,5,14]. Similarly, poor
glycemic control (HbAlc > 9%) was strongly
associated with higher incidence of CAN and
abnormal cardiac  autonomic  reflex tests
(CARTs)[6,24]. These results highlight that
uncontrolled hyperglycemia remains a major driver
of autonomic dysfunction and stress the need for
optimal metabolic regulation to limit progression.

On analyzing specific autonomic parameters,
resting tachycardia was present in 20.8% of
patients, and more than half of them had definite
CAN [2,15]. A persistently elevated resting heart
rate represents early parasympathetic withdrawal
and sympathetic overactivity, which together
signify early autonomic imbalance [15,16].
Abnormal Valsalva ratios and reduced heart-rate
variability with deep breathing were also seen in
about one-fourth of the study population [17,18].
These abnormalities were more frequent among
those with poor glycemic control or longer disease
duration,  suggesting  that  parasympathetic
dysfunction is an early and sensitive indicator of
CAN, often appearing before overt cardiac
symptoms develop[3,16]. Orthostatic hypotension,
a marker of advanced or severe CAN, was found in
10.7% of patients, a finding consistent with
previous studies [2,4]. All individuals who
demonstrated significant postural drops in blood
pressure also had other abnormal CART
parameters, thus fulfilling the Toronto Consensus
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criteria for severe CAN [3,17]. This emphasizes
that orthostatic testing, when combined with heart-
rate—based measures, enhances diagnostic accuracy
and allows more precise grading of disease severity
[3,17].

Overall, 28.4% of our study population had early or
definite CAN, and 10.7% had severe disease. This
prevalence falls within the broad range reported in
earlier studies [3,9,16], reflecting variations in
diagnostic protocols and population characteristics.
Consistent with prior literature, definite and severe
forms were mainly seen in patients with long
disease duration and poor glycemic control
[6,7,24], underscoring the influence of chronic
hyperglycemia as a modifiable determinant of
autonomic nerve damage[1,5,9].

Echocardiographic assessment provided further
insight into the cardiac effects of CAN. Structural
or functional changes were identified in 19.2% of
patients, with left ventricular diastolic dysfunction
(LVDD) being the most common finding (15.4%),
followed by concentric left ventricular hypertrophy
(9.2%). Among those with definite or severe CAN,
more than 60% exhibited LVDD or combined LVH
with LVDD, suggesting a close link between
autonomic imbalance and early myocardial
alterations [9,12]. These findings support the
hypothesis that CAN contributes to diastolic
stiffness and impaired relaxation, which represent
early manifestations of diabetic cardiomyopathy
[12]. The observed association between abnormal
Valsalva ratio and LVDD further implies
parasympathetic  dysfunction’s contribution to
reduced ventricular compliance [15].

QTc prolongation was another significant
observation. Prolonged QTc intervals were noted in
26.9% of subjects. Importantly, 74% of these
patients were CAN-positive, while only 25% of
CAN-negative patients showed prolongation,
confirming a strong association between autonomic
dysfunction and delayed ventricular repolarization
[11,21]. None of the patients with good glycemic
control (HbAlc < 7%) had QTc prolongation,
whereas nearly four-fifths of those with HbAlc >
9% did. Although QTc did not show a statistically
significant trend with disease duration, its
correlation with poor glycemic control was highly
significant. QTc prolongation, a simple and non-
invasive ECG marker, not only indicates autonomic
imbalance but also reflects an increased risk of
arrhythmia and sudden cardiac death in diabetic
individuals [21].

When CARTs, echocardiographic data, and QTc
analysis were evaluated together, diagnostic
accuracy improved substantially. ROC curve
analysis revealed that CARTs alone predicted CAN
with reasonable sensitivity (AUC = 0.78 for
Valsalva ratio and 0.74 for heart-rate
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variability)[17]. When echocardiographic and QTc
indices were included, the AUC rose to 0.83,
indicating excellent diagnostic performance [12].
This highlights the benefit of a multimodal
diagnostic strategy that integrates both structural
and functional markers to detect early autonomic
involvement [12,17].

Overall, our findings reaffirm that CAN is a
frequent, multifactorial complication of diabetes
influenced predominantly by disease duration and
glycemic control [6,7,14,24]. Its strong association
with LVDD and QTc prolongation suggests shared
mechanisms between autonomic and myocardial
dysfunction, mainly related to  chronic
hyperglycemia and microvascular injury [5,9,10].
Early identification of these abnormalities is
essential, as it allows timely intervention before
irreversible cardiac damage occurs [1,2,9]. Simple
bedside tests such as CARTs and QTc analysis,
complemented by echocardiography, when
necessary, can serve as practical tools for early
screening in routine clinical practice [3,9,17].

Timely recognition of CAN also carries preventive
value. Maintaining strict glycemic control, regular
follow-up, and the use of newer therapeutic agents
like SGLT2 inhibitors and GLP-1 receptor agonists
can help mitigate autonomic dysfunction and
improve diastolic performance. As severe CAN is
largely irreversible, periodic evaluation for
autonomic and echocardiographic changes should
be incorporated into standard diabetes care to
reduce cardiovascular complications [3,9,21].

Conclusion

Cardiac autonomic neuropathy (CAN) is a silent
but serious complication of diabetes, often
remaining undetected until advanced stages. This
study demonstrated its significant correlation with
diabetes type, longer disease duration, and poor
glycemic control.

Although subtle in onset, CAN markedly
contributes to increased morbidity and mortality
through  mechanisms such as  orthostatic
hypotension, arrhythmia, and sudden cardiac death.
Early detection by simple autonomic function tests,
regular screening, and tight glycemic management
can delay or even prevent disease progression.

Greater awareness among clinicians and patients,
along with lifestyle modification and newer
cardioprotective therapies, is essential to curb its
growing burden and improve long-term diabetic
outcomes.
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