
Received 04/11/2024 
Review began 04/25/2024 
Review ended 05/03/2024 
Published 05/07/2024

© Copyright 2024
Kanagala et al. This is an open access
article distributed under the terms of the
Creative Commons Attribution License CC-
BY 4.0., which permits unrestricted use,
distribution, and reproduction in any
medium, provided the original author and
source are credited.

Metabolic Dysregulation and Its Multifaceted
Impact on Cardiovascular Autonomic Control in
Type 2 Diabetes Mellitus: Insights From
Comprehensive Assessment
Amrutha Kanagala , Harsoda J M 

1. Physiology, Smt. B. K. Shah Medical Institute & Research Centre, Sumandeep Vidyapeeth Deemed to be University,
Vadodara, IND

Corresponding author: Amrutha Kanagala, amruthapuvvada72@gmail.com

Abstract
Background: Type 2 diabetes mellitus (T2DM) is associated with a spectrum of metabolic dysfunctions that
significantly elevate the risk of cardiovascular disorders. Understanding the intricate relationship between
metabolic control and cardiovascular autonomic function in individuals with T2DM is crucial for effective
management and the prevention of associated complications. This insight is foundational in developing
targeted strategies that can mitigate the heightened cardiovascular risks inherent to this condition, thereby
enhancing patient outcomes and quality of life.

Aim: The primary aim of the study was to explore the interconnections between various aspects of
metabolic control in individuals with T2DM. This includes examining how glycemic variability, lipid profiles,
body mass index (BMI), duration of diabetes, inflammatory markers, and cardiovascular autonomic function
are interrelated.

Methods: A cross-sectional study was conducted involving 100 individuals with T2DM and 100 control
participants. HbA1C levels, glycemic variability, lipid profile, BMI, duration of diabetes, and inflammatory
markers were assessed. Cardiovascular autonomic function parameters, including resting heart rate and
blood pressure responses, were evaluated using standardized tests.

Results: People with T2DM had significantly higher levels of glycosylated hemoglobin (HbA1C) compared to
controls (mean difference = 2.95%, p < 0.001). Elevated HbA1C levels were correlated with increased resting
heart rate (mean difference = 10 bpm, p < 0.001) and aberrant blood pressure responses during autonomic
function assessments (p < 0.01 for systolic blood pressure; p < 0.05 for diastolic blood pressure). Glycemic
variability (correlation coefficient (�) = 0.75, p < 0.001) and dyslipidemia (elevated triglycerides and LDL
cholesterol, reduced HDL cholesterol) were associated with cardiovascular autonomic dysfunction. Higher
BMI values in T2DM individuals were independently correlated with alterations in autonomic function (� =
0.60, p < 0.001). The prolonged duration of diabetes was linked to greater impairment in autonomic function
(mean decrease = 0.5 points per year, p < 0.01). In the T2DM group, higher levels of inflammatory markers
(C-reactive protein and interleukin-6) were seen, which may have led to problems with the autonomic
nervous system.

Conclusion: Metabolic dysregulation, such as high HbA1C levels, glycemic variability, dyslipidemia, obesity,
having diabetes for a long time, and inflammation, is linked to cardiovascular autonomic dysfunction in
T2DM. Early intervention targeting these metabolic abnormalities may mitigate the risk of cardiovascular
complications in individuals with T2DM.
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Keywords: cardiovascular autonomic function, inflammatory markers, duration of diabetes, bmi, lipid profile,
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Introduction
A decreased response to insulin and insufficient insulin production are two characteristics of diabetes
mellitus type 2, also known as T2DM, a metabolic condition that lasts for a long time. This results in
elevated levels of glucose in the blood and a disturbance in the mechanism by which the body regulates
glucose metabolism [1,2]. It is a huge global public health problem, with an increasing occurrence and
severe morbidity and fatality rates. People with T2DM have a higher likelihood of having different types of
complications affecting the larger blood vessels (macrovascular) and smaller blood vessels (microvascular).
Among these repercussions are complications such as cardiovascular illness, injury to the nerves (nerve
damage), damage to the renal system (nephropathy), and impairment to the eyes (retinopathy) [3,4].
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In patients with T2DM, cardiovascular disease is the leading cause of death and illness. It is also the cause of
a significant number of deaths that are attributed to diabetes. Autonomic dysfunction, which shows up as
problems controlling heart rate (HR), blood pressure (BP), and vascular tone [5,6], is a major cause of the
higher risk of heart disease in people with T2DM. Autonomic dysfunction in diabetes is multifactorial,
involving complex interactions between metabolic, neural, and vascular pathways [7,8].

Metabolic regulation is essential in the development of cardiovascular autonomic dysfunction in T2DM.
People with diabetes are more likely to get heart disease and die if they have higher levels of hemoglobin
A1C, also known as glycosylated hemoglobin (HbA1C), a marker of how well their blood sugar is controlled
over time [9,10]. Furthermore, glycemic variability, which refers to the variations in levels of glucose in the
blood, has been identified as a separate factor that can predict cardiovascular problems in individuals with
T2DM [11].

Aside from the management of glycemic levels, dyslipidemia, obesity, the length of time a person has had
diabetes, and inflammation are all significant metabolic abnormalities that lead to the development of
cardiovascular autonomic dysfunction in people who have T2DM [12]. The development of atherosclerosis
and the dysfunctional operation of the endothelium are both results of the condition known as dyslipidemia,
which is characterized by elevated triglycerides, LDL cholesterol, and lower levels of HDL cholesterol. There
is a correlation between this condition and an increased risk of cardiovascular disease in people who have
T2DM [13]. A higher body mass index (BMI) indicates obesity, which is associated with insulin resistance
(IR), abnormal blood lipid levels, and generalized body inflammation. All these factors contribute to
problems with the autonomic nervous system and cardiovascular issues in T2DM [14].

Moreover, the length of time a person has had diabetes is a crucial factor in determining their risk of
cardiovascular problems. Those who have had the condition for a longer period of time are more likely to
have a higher occurrence and greater severity of autonomic dysfunction [15]. The pathophysiology of
diabetes and cardiovascular disease has been linked to chronic low-grade inflammation, which is
characterized by elevated levels of inflammatory markers like C-reactive protein (CRP) and interleukin-6
(IL-6). This highlights the complex interactions between metabolic dysregulation and cardiovascular
autonomic dysfunction in T2DM [16].

Given the considerable impact that metabolic abnormalities have on cardiovascular autonomic function in
T2DM, it is imperative to thoroughly understand the underlying biological mechanisms and pinpoint
potential therapeutic targets. This deeper understanding is critical for the prevention and effective
management of cardiovascular complications among this high-risk population. The study is designed to
delve into the complex relationship between metabolic control and cardiovascular autonomic function in
individuals diagnosed with T2DM. By doing so, it aims to provide comprehensive insights into the nuanced
pathophysiology underlying diabetic cardiovascular complications. Additionally, the findings are expected
to aid in the formulation of enhanced strategies for precise risk stratification and the development of
targeted therapeutic interventions, ultimately improving patient care and outcomes in this vulnerable
group.

Materials And Methods
Study setting
The study took place at the Department of Physiology within Mamata Medical College, which is based in
Khammam, Telangana, India. Mamata Medical College serves as a critical tertiary care institution, delivering
a range of healthcare services to a diverse demographic throughout the region. The Institutional Ethics
Committee (IEC), noted under IRB/IEC-94, gave its approval for this particular study. This approval included
a revision of the patient consent procedures to ensure alignment with the latest ethical standards and
regulations. This modification was instrumental in safeguarding participant rights and maintaining the
integrity of the research process. 

Study design
This study was done over a duration of 24 months, spanning from January 2022 to December 2023. The
study's design was to evaluate the correlation between metabolic management and cardiovascular
autonomic function in people diagnosed with T2DM in comparison to control participants.

Participant recruitment
The research project enlisted a total of two hundred volunteers, one hundred of whom were diagnosed with
T2DM and one hundred of whom were control subjects who did not have diabetes. The participants were
matched in terms of age and gender. Persons who had been diagnosed with T2DM were recruited from the
outpatient department of Mamata Medical College. On the other hand, people who did not have T2DM were
picked from the community through advertisements and referrals.

Inclusion criteria
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Those who are recognized to have diabetes are those who have been diagnosed with T2DM and who are at
least 18 years old were included in the study. Control volunteers did not have diabetes and were of the same
age and gender. Participants who were willing to give informed consent to participate in the study were
included.

Exclusion criteria
The exclusion criteria for the study were rigorously defined to maintain the integrity of the data collected.
Individuals diagnosed with Type 1 diabetes mellitus or other forms of diabetes distinct from Type 2 were
excluded to ensure a homogeneous study population specific to T2DM. Additionally, participants with a
history of cardiovascular diseases, kidney issues, or other significant underlying health conditions were
excluded to avoid confounding variables that could impact the study’s outcomes on cardiovascular
autonomic function. The study also excluded individuals with medical conditions known to affect autonomic
function, such as neuropathy or autonomic dysfunction. Lastly, women who were pregnant or currently
breastfeeding were not eligible to participate, as these conditions could introduce physiological changes that
might skew the results relevant to the diabetic population under study

Data collection
Each participant's age, gender, length of diabetes (for the T2DM group), and medical history were taken as
baseline demographic and clinical data. Standardized methodologies were used to record anthropometric
measures, which included height, weight, and BMI.

Laboratory investigations
Following an overnight fast, blood samples were obtained from each participant in order to determine their
HbA1C levels, lipid profile (which included triglycerides (TGs), low-density lipoprotein (LDL) cholesterol,
and high-density lipoprotein (HDL) cholesterol), and inflammatory markers (which included CRP and IL-6).
Continuous glucose monitoring (CGM) devices were utilized in order to evaluate the effects of glycemic
fluctuation.

Assessment of cardiovascular autonomic function
Cardiovascular autonomic function was evaluated using standardized tests, including HR variability analysis,
deep breathing test, Valsalva maneuver, and orthostatic BP measurement. The results of these tests provide
quantitative measurements of the function of the autonomic nervous system, which includes both
sympathetic and parasympathetic activity levels.

Ethical considerations
The Mamata Medical College's Institutional Ethics Committee in Khammam, Telangana, India, authorized
the study procedure. Informed consent was received from each and every participant prior to their
registration in the study, and the confidentiality of their personal information was maintained throughout
the duration of the study.

Statistical analysis
The required software, such as IBM SPSS Statistics for Windows, Version 25 (Released 2017; IBM Corp.,
Armonk, New York, United States) and R (R Foundation for Statistical Computing, Vienna, Austria), was
utilized in order to carry out the statistical analysis. Inferential statistics, such as t-tests, chi-square tests,
and correlation analysis, were utilized in order to evaluate the relationships between metabolic parameters
and cardiovascular autonomic function. Descriptive statistics were utilized in order to provide a summary of
the baseline characteristics. The results were deemed statistically significant when the p-value was less than
0.05.

Results
The study recruited 100 individuals diagnosed with T2DM along with 100 control participants, for
comparative analysis. Notably, the group with T2DM demonstrated significantly higher levels of HbA1C
compared to the control group. Specifically, the average HbA1C level in the T2DM group was 7.95%, with a
standard deviation of 1.17, while the control group had an average HbA1C level of 5.00% and a standard
deviation of 0.56. This marked difference underscores the metabolic challenges faced by those with T2DM
(Table 1).
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Group Sample Size Mean HbA1C (%) Standard Deviation

T2DM 100 7.95 1.17

Control 100 5.00 0.56

TABLE 1: HbA1C Levels in Study Groups
HbA1C: Glycosylated Hemoglobin; T2DM: Type 2 Diabetes Mellitus

Analysis revealed a significant association between HbA1C levels and various parameters of cardiovascular
autonomic function within the T2DM cohort. If there is a higher level of HbA1C, the HR would be faster at
rest (mean difference = 10 bpm, p < 0.001) and the blood pressure would react differently during autonomic
function tests. This included systolic blood pressure (mean difference = 15 mmHg, p < 0.01) and diastolic
blood pressure (mean difference = 10 mmHg, p < 0.05). High glycemic variability was also linked to problems
with controlling heart and blood vessel function (correlation coefficient = 0.75, p < 0.001) (Table 2).

Parameter Mean Difference/Correlation Coefficient p-value

Resting Heart Rate (bpm) 10 <0.001

SBP Response (mmHg) 15 <0.01

DBP Response (mmHg) 10 <0.05

Glycemic Variability 0.75 <0.001

TABLE 2: Association between HbA1C Levels and Cardiovascular Autonomic Function
Bpm: Beats Per Minute; SBP: Systolic Blood Pressure; DBP: Diastolic Blood Pressure

There were also dyslipidemia levels in the T2DM group, with higher amounts of TGs (T2DM: mean = 200
mg/dL, SD = 40 mg/dL; Control: mean = 150 mg/dL, SD = 30 mg/dL) and LDL cholesterol (T2DM: mean = 160
mg/dL, SD = 30 mg/dL; Control: mean = 100 mg/dL, SD = 20 mg/dL) and lower amounts of HDL cholesterol
(T2DM: mean = 40 mg/dL, SD = 10 mg/dL; Control: mean = 50 mg/dL, SD = 15 mg/dL) (Table 3).

Parameter T2DM Mean (SD) Control Mean (SD)

Triglycerides (mg/dL) 200 (40) 150 (30)

LDL Cholesterol (mg/dL) 160 (30) 100 (20)

HDL Cholesterol (mg/dL) 40 (10) 50 (15)

TABLE 3: Lipid Profile in Study Groups
LDL: Low-Density Lipoprotein; HDL: High-Density Lipoprotein

The findings indicate a significant relationship between BMI and changes in cardiovascular autonomic
function, as shown by a correlation coefficient of 0.60 and a highly significant statistical result (p < 0.001).
This suggests that obesity is a key factor contributing to cardiovascular autonomic dysfunction in
individuals with T2DM.

Moreover, the duration of diabetes was found to have a detrimental impact on cardiovascular autonomic
function. There was a notable decline associated with each additional year of living with diabetes, quantified
as a mean decrease of 0.5 points per year, which was statistically significant (p < 0.01). This highlights the
progressive nature of the adverse effects that prolonged diabetes can have on cardiovascular health

Finally, higher amounts of inflammatory markers like CRP (mean = 5 mg/L, SD = 2 mg/L) and IL-6 (mean = 10
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pg/mL, SD = 4 pg/mL) were found in the T2DM group. This suggests that they were in a pro-inflammatory
state that might be causing their cardiovascular autonomic function to get worse (Table 4).

Marker Mean (SD)

CRP (mg/L) 5 (2)

IL-6 (pg/mL) 10 (4)

TABLE 4: Inflammatory Marker Levels in the T2DM Group
CRP: C-Reactive Protein; IL-6: Interleukin 6

Discussion
In patients who were diagnosed with T2DM, the objective of this study was to investigate the relationship
between metabolic regulation and the autonomic function of the cardiovascular system. The results of this
study shed light on the complicated relationship between metabolic abnormalities and cardiovascular
autonomic dysfunction in T2DM [17]. This has implications for figuring out who is at the highest risk and
how to best help them.

Our findings demonstrated significantly higher HbA1C values in T2DM patients compared to control
participants, indicating inadequate metabolic management in the diabetic population. These findings are in
line with those of prior research that has highlighted the key role that glycemic control plays in the etiology
of diabetic sequelae, including cardiovascular disease [18,19]. During autonomic function evaluations, it was
discovered that elevated HbA1C levels were related to a higher resting HR and abnormal BP responses. This
finding suggests that there may be a connection between poor glycemic management and autonomic
dysfunction in T2DM [18,19].

Glycemic variability became another important factor in determining cardiovascular autonomic function in
T2DM. Changes in blood glucose levels outside the normal range were linked to problems with controlling
autonomic function. This finding underscores the importance of not only achieving target HbA1C levels but
also maintaining stable blood glucose levels to prevent cardiovascular complications in T2DM [18,19].

Low HDL cholesterol levels are a hallmark of the condition known as dyslipidemia, which also has high levels
of triglycerides and LDL cholesterol. This was prevalent in individuals with T2DM and further contributed to
the impairment of cardiovascular autonomic regulation [20,21]. The link found between dyslipidemia and
autonomic dysfunction shows that people with T2DM need to have their lipid levels managed along with
their blood sugar levels to lower their cardiovascular risk [22,23].

Higher BMI values were shown to be independently linked with changes in cardiovascular autonomic
function measures. This finding highlights the importance of being overweight as a preventable risk factor
for cardiovascular problems in T2DM [24]. The prolonged duration of diabetes was also associated with
greater impairment in autonomic function, suggesting a cumulative effect of metabolic dysregulation on the
autonomic nervous system over time [25].

Furthermore, increased levels of inflammatory markers, including CRP and IL-6, were observed in the T2DM
group, indicative of a pro-inflammatory state potentially contributing to the deterioration of cardiovascular
autonomic function [26]. Targeting inflammation may represent a novel therapeutic approach for preventing
cardiovascular complications in T2DM [27].

Limitations
One of the primary limitations of our study is its cross-sectional nature, which hampers our ability to
ascertain causal relationships. Additionally, the recruitment of participants from a single location may limit
the generalizability of our findings to a broader population. To validate our results and gain a deeper insight
into the mechanisms connecting metabolic imbalances with cardiovascular autonomic disturbances in
T2DM, future research should incorporate longitudinal studies with larger and more diverse participant
groups.

Conclusions
The results of our research offer knowledge that is crucial for understanding the intricate interaction that
exists between metabolic management and cardiovascular autonomic function in people with T2DM. By
addressing metabolic irregularities, such as glycemic control, dyslipidemia, obesity, and inflammation, it
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may be possible to provide possibilities for risk reduction and tailored interventions in order to prevent
cardiovascular problems in this high-risk population. It is necessary to do additional research in order to
better understand the mechanisms that are at play and to develop therapeutic approaches that are optimal
for improving cardiovascular outcomes in people with T2DM.
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