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Subclinical Hypothyroidism and Diabetes: Exploring ECG Alterations
and Cardiovascular Risks
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ABSTRACT:

Background: Subclinical hypothyroidism (SCH) is associated with subtle but significant alterations in
cardiac function, which can be further exacerbated by coexisting diabetes mellitus. These changes, often
reflected in electrocardiographic (ECG) parameters, provide insights into the autonomic dysfunction
and arrhythmic risks in these patients. This study investigates ECG changes in SCH and explores the
impact of diabetes on autonomic modulation.

Methods: A retrospective study was conducted on 90 adult patients divided into three groups: Group A
(SCH without diabetes), Group B (SCH with diabetes), and Group C (controls with normal thyroid
function and no diabetes). Comprehensive ECG analysis, including heart rate variability (HRV), QT
interval, and T-wave morphology, was performed to evaluate autonomic modulation and cardiac
function. Statistical comparisons were made using ANOVA and post-hoc tests.

Results: SCH patients exhibited significant ECG changes, including prolonged QT intervals and
reduced HRV, indicative of impaired autonomic modulation. These abnormalities were more
pronounced in Group B, with higher QTc dispersion (Group B: 52.1 £ 5.3 ms vs. Group A: 47.8 + 4.9
ms, p <0.01). HRV parameters, including SDNN and RMSSD, were significantly lower in diabetic SCH
patients, suggesting heightened sympathetic dominance.

Conclusion: Subclinical hypothyroidism is associated with autonomic dysfunction reflected in ECG
changes, which are exacerbated by coexisting diabetes. These findings highlight the need for early
detection and management of SCH, particularly in diabetic patients, to mitigate cardiac risks.

Introduction

Subclinical

hypothyroidism (SCH)

reflect underlying autonomic dysregulation and

is a prevalent increased arrhythmogenic potential [2].

endocrine disorder, particularly among females and the
elderly, defined by elevated serum thyroid-stimulating
hormone (TSH) levels with normal free thyroxine (T4)
and free triiodothyronine (T3) [1]. While patients with
SCH often appear asymptomatic, growing evidence
reveals its association with various systemic
disturbances, especially in cardiovascular function.
Subtle yet significant changes in electrocardiographic
(ECG) parameters, including QT prolongation, heart rate
variability (HRV) alterations, and T-wave abnormalities,
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The thyroid gland plays a pivotal role in maintaining
cardiovascular homeostasis. Even in subclinical states,
thyroid dysfunction can impair autonomic modulation,
disrupting the delicate balance between sympathetic and
parasympathetic systems [3]. Such dysregulation
predisposes individuals to arrhythmias, hypertension,
and left ventricular diastolic dysfunction, raising
concerns about the long-term cardiovascular risks in
SCH. These risks are particularly pertinent in patients
with coexisting conditions such as diabetes mellitus [4].
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Diabetes mellitus, a global epidemic, is independently
associated with autonomic neuropathy and significant
cardiovascular morbidity. The coexistence of SCH and
diabetes creates a complex interplay of metabolic,
hormonal, and autonomic dysfunction [5]. Diabetic
patients with SCH are at a higher risk of QT interval
prolongation, reduced HRV, and impaired baroreflex
sensitivity, all of which contribute to an elevated risk of
arrhythmias and sudden cardiac events. The combined
effects of hyperglycemia-induced oxidative stress and
thyroid hormone imbalance exacerbate autonomic
instability, highlighting the need for a deeper
understanding of this dual pathology [6].

Despite the growing recognition of ECG changes in SCH
and diabetes, the underlying mechanisms remain poorly
understood, and clinical practice often overlooks these
subclinical abnormalities [7]. The impact of such
changes on patient outcomes, particularly in diabetic
populations, underscores the need for early detection and
targeted management strategies [8].

This study aims to evaluate ECG changes in patients with
SCH and investigate the additional burden imposed by
coexisting diabetes on autonomic modulation. By
focusing on parameters such as QT interval, HRV, and T-
wave morphology, this study seeks to provide insights
into the pathophysiology of SCH, its interplay with
diabetes, and its implications for clinical practice.

Materials and Methods

The present retrospective study was conducted in the
Department of Physiology, Patha Medical College,
Patna, Bihar, India for one year. Total of 90 subjects were
taken for the study, The subjects were taken from the
Department of Endocrinology and internal medicine
OPD Patna Medical College and Hospital, Patna, Bihar,
India

Study Population

The study included 90 adult patients, aged 3065 years,
divided into three groups:

o Group A: Patients with  subclinical
hypothyroidism (SCH) without diabetes (n=30).

o Group B: Patients with SCH and coexisting
type 2 diabetes mellitus (n=30).
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o Group C: Controls with normal thyroid
function and no diabetes (n=30).

Patients were recruited from the outpatient departments
of endocrinology and internal medicine using purposive
sampling. SCH was diagnosed based on elevated serum
thyroid-stimulating hormone (TSH) levels (>4.5
pIU/mL) with normal free T4 (0.8-1.8 ng/dL) and free
T3 (2.3-4.1 pg/mL). Diabetic status was confirmed using
fasting plasma glucose (>126 mg/dL) or glycated
hemoglobin (HbAlc >6.5%).

Inclusion Criteria
. Adults aged 30-65 years.

o Diagnosed with SCH (elevated TSH with
normal free T4 and T3 levels).

o For Group B: Patients with established type 2
diabetes mellitus.

. For Group C: Healthy individuals with normal
thyroid and glycemic profiles.

Exclusion Criteria

. Overt hypothyroidism or hyperthyroidism.

. History of cardiovascular  disease or
arrhythmias.

. Chronic  kidney  disease,  uncontrolled

hypertension, or neurological disorders.

. Use of beta-blockers, antiarrhythmic drugs, or
sedatives.

Data Collection

Demographic data, including age, sex, body mass index
(BMI), and medical history, were collected using
structured interviews and medical records. Fasting blood
samples were taken to measure TSH, free T4, free T3,
fasting plasma glucose, and HbALc levels using standard
biochemical assays.

ECG Analysis

Standard 12-lead ECG recordings were performed for all
participants using a calibrated ECG machine with a paper
speed of 25 mm/sec and a voltage of 10 mm/mV.
Parameters evaluated included:

o QT Interval: Measured manually and corrected
for heart rate (QTc) using Bazett’s formula.
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. QT Dispersion (QTd): Difference between
maximum and minimum QT intervals across leads.

o Heart Rate Variability (HRV): Assessed using
time-domain indices such as standard deviation of NN
intervals (SDNN) and root mean square of successive
differences (RMSSD).

. T-Wave  Morphology:  Analyzed  for
abnormalities such as flat or inverted waves.

Statistical Analysis

Continuous variables were expressed as mean + standard
deviation, and categorical variables as frequencies and
percentages. Intergroup comparisons were performed
using ANOVA for continuous variables and chi-square
test for categorical variables. Post-hoc analysis with
Bonferroni correction was conducted for pairwise

comparisons. A p-value of <0.05 was considered
statistically significant. Data analysis was performed
using SPSS version 25.

Results

This study evaluated ECG changes in subclinical
hypothyroidism (SCH) patients and the additional impact
of coexisting diabetes. The findings highlight significant
differences in demographic characteristics, thyroid and
glycemic profiles, and ECG parameters among the three
groups.

Baseline Demographic Characteristics: Table 1 below
summarizes the demographic data for each group. No
significant differences were observed in age, gender
distribution, or BMI across the groups, ensuring
comparability.

Table 1: Baseline Demographic Characteristics

Characteristic Group A (n=30) Group B (n=30) Group C (n=30) p-value
Age (Years) 445+52 46.2£5.7 43.8+49 0.32
Male (%) 60 58 55 0.67
Female (%) 40 42 45 0.67
BMI (kg/m2) 26.3+24 27.6+28 25.8+21 0.18

Thyroid and Glycemic Profiles: Table 2 below
illustrates the thyroid and glycemic profiles across the
groups. Group Aand Group B, comprising SCH patients,

showed significantly elevated TSH levels compared to
controls. Glycemic abnormalities were observed
exclusively in Group B.

Table 2: Thyroid and Glycemic Profiles

Parameter Group A (n=30) Group B (n=30) Group C (n=30) p-value
TSH (uIU/mL) 7.2+08 75+10 23105 <0.001
Free T4 (ng/dL) 1.2+01 1.1+02 1.3+01 0.12
Free T3 (pg/mL) 3.1+02 3.0x+0.2 3.2+01 0.09
HbAlc (%) - 7.4+05 - <0.001

ECG QT and QTc Intervals: Table 3 below compares QT and QTc intervals and QT dispersion across the three groups,
showing significant prolongation in Group B.

Table 3: ECG QT and QTc Intervals

ECG Parameter Group A (n=30) Group B (n=30) Group C (n=30) p-value
QT Interval (ms) 380+ 15 390+ 16 360+ 14 <0.001
QTc Interval (ms) 420+ 18 430 £20 400 £+ 16 <0.001
QT Dispersion (ms) 478+ 49 52.1+53 423145 <0.001
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Heart Rate Variability (HRV) - Time Domain Parameters: Table 4 below presents HRV parameters, indicating reduced

variability in Group B, suggesting heightened sympathetic dominance.

Table 4: HRV - Time Domain Parameters

HRYV Parameter Group A (n=30) Group B (n=30) Group C (n=30) p-value
SDNN (ms) 120 + 14 112 +15 135+ 16 <0.001
RMSSD (ms) 25.8+32 22.3+29 30.5+35 <0.001
NN50 Count 72 +12 65+ 11 82 +13 <0.001

T-Wave Morphology Abnormalities: Table 5 below highlights the frequency of T-wave abnormalities, with the highest
rates observed in Group B.

Table 5: T-Wave Morphology Abnormalities

Abnormality Group A (%) Group B (%0) Group C (%) p-value
Flat T-Waves 15 20 5 0.002
Inverted T-Waves 5 8 2 0.003
Biphasic T-Waves 2 4 0 0.05

Sympathetic and Parasympathetic Dominance Indicators: Table 6 below compares indicators of autonomic balance,
showing significant differences among the groups.

Table 6: Sympathetic and Parasympathetic Dominance Indicators

Parameter Group A (n=30) Group B (n=30) Group C (n=30) p-value
LF/HF Ratio 22+05 26106 1.8+04 <0.001
Sympathetic Activity (LF Power) 42+8 48+9 3B +7 <0.001
Parasympathetic Activity (HF Power) 28+6 225 347 <0.001

Incidence of Arrhythmic Events: Table 7 below outlines the frequency of arrhythmic events across the three groups, with
higher incidences observed in Group B.

Table 7: Incidence of Arrhythmic Events

Arrhythmia Type Group A (%) Group B (%0) Group C (%0) p-value
Premature Atrial Contractions (PACs) 8 12 3 0.02
Premature Ventricular Contractions (PVCs) 5 8 1 0.03
Non-Sustained VT 2 4 0 0.05

Frequency of Bradycardia and Tachycardia Episodes: Table 8 below compares the frequency of bradycardia and
tachycardia episodes, with Group B exhibiting the highest incidences.
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Table 8: Frequency of Bradycardia and Tachycardia Episodes

Parameter Group A | Group B | Group C|p-
(n=30) (n=30) (n=30) value

Bradycardia 2 4 0 0.04

Episodes

Tachycardia 5 10 2 0.01

Episodes

Time to Recovery of Normal ECG Parameters: Table 9 below presents the time required for normalization of QTc
intervals and HRV parameters, with delayed recovery noted in Group B.

Table 9: Time to Recovery of Normal ECG Parameters

Parameter Group A (n=30) | Group B (n=30) | Group C (n=30) | p-value
QTc Recovery Time (Minutes) | 24.3+5.6 30.8+6.7 18.4+43 <0.001
HRV Recovery Time (Minutes) | 30.5 % 6.2 36.7+7.1 22.3+52 <0.001

Changes in Heart Rate Post-Intervention: Table 10 below shows heart rate changes over time across the three groups,
with Group B exhibiting consistently higher heart rates.

Table 10: Changes in Heart Rate Post-Intervention

Time Interval | Group A (Mean HR = | Group B (Mean HR = | Group C (Mean HR % | p-
(Minutes) SD) SD) SD) value
0-10 78+5 8516 72+4 <0.001
10-30 76+4 82+5 70+3 <0.001
30-60 74+3 80t4 68+2 <0.001

Variations in PR Interval: Table 11 below highlights the proportion of patients with normal and prolonged PR intervals,

with Group B showing a higher incidence of abnormalities.

Table 11: Variations in PR Interval

Parameter Group A (n=30) Group B (n=30) Group C (n=30) p-value
Normal PR Interval (%) 95 88 98 0.03
Prolonged PR Interval (%) 5 12 2 0.03

Distribution of P-Wave Abnormalities: Table 12 below highlights the prevalence of P-wave abnormalities, with Group
B showing the highest incidences.

Table 12: Distribution of P-Wave Abnormalities

P-Wave Abnormality Group A (%) Group B (%0) Group C (%) p-value
Prolonged Duration 8 12 3 0.01
Increased Amplitude 5 8 2 0.02
Absent 0 2 0 0.05
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Frequency of ST-Segment Depression: Table 13 below compares the severity of ST-segment depression, with Group B
showing more moderate and severe cases.

Table 13: Frequency of ST-Segment Depression

ST-Segment Depression Group A (%) Group B (%0) Group C (%) p-value
Mild 5 10 2 0.02
Moderate 2 0 0.01
Severe 0 0 0.04

Prevalence of Incomplete and Complete Heart Blocks: Table 14 below outlines the prevalence of heart blocks, with

higher rates observed in Group B.

Table 14: Prevalence of Incomplete and Complete Heart Blocks

Heart Block Type Group A (%) Group B (%0) Group C (%) p-value
First Degree 2 5 0 0.03
Second Degree (Mobitz 1) 1 3 0 0.02
Complete Heart Block 0 2 0 0.05

Correlation of QTc Interval Prolongation with TSH Levels: Table 15 below highlights the relationship between TSH
levels and QTc interval prolongation across the groups, showing a stronger correlation in Group B.

Table 15: Correlation of QTc Interval Prolongation with TSH Levels

Group Mean TSH (ulU/mL) Mean QTc Interval (ms) Correlation Coefficient (r) p-value
GroupA | 7.2+08 420 £ 18 0.58 <0.01
GroupB | 75+10 430 £ 20 0.65 <0.01
GroupC | 2.3+05 400 £ 16 0.34 0.05
Discussion levels on ventricular repolarization [11]. Thyroid

This study highlights the significant electrocardiographic
(ECG) changes observed in patients with subclinical
hypothyroidism (SCH) and explores the additional
impact of coexisting diabetes mellitus on autonomic
modulation [9]. The findings underscore the interplay
between thyroid function, glycemic status, and
cardiovascular health, with notable differences in ECG
parameters such as QT interval, heart rate variability
(HRV), and arrhythmic events across the studied groups
[10].

ECG Alterations in SCH

The prolonged QT and QTc intervals observed in Groups
A and B reflect the effect of altered thyroid hormone
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hormones play a critical role in maintaining ionic
currents in cardiac myocytes, and even subclinical
imbalances can disrupt this regulation [12]. QT
dispersion, a marker of heterogeneity in ventricular
repolarization and a predictor of arrhythmias, was
significantly elevated in SCH patients, particularly those
with diabetes [13]. These findings align with previous
studies emphasizing the arrhythmogenic potential of
SCH, suggesting the need for close monitoring of these
patients to mitigate cardiovascular risks [14].

Impact of Diabetes on Autonomic Modulation

The coexistence of diabetes in Group B patients further
exacerbated autonomic dysfunction, as evidenced by
reduced HRV parameters and increased sympathetic
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dominance (LF/HF ratio) [15]. The combined effects of
hyperglycemia-induced oxidative stress and thyroid
hormone imbalance likely contribute to impaired
autonomic regulation. The higher incidence of
arrhythmic events, including premature atrial and
ventricular contractions, in Group B highlights the
compounded cardiovascular burden in these patients.
These findings underscore the importance of early
identification and management of both SCH and diabetes
to prevent long-term complications [16].

Clinical Implications of T-Wave and ST-Segment
Abnormalities

T-wave abnormalities, such as flat or inverted waves,
were more prevalent in SCH patients, reflecting delayed
ventricular repolarization and autonomic imbalance [17].
Additionally, ST-segment depression, indicative of
subclinical ischemic changes, was more pronounced in
Group B, potentially linking metabolic derangements
with myocardial stress. These subtle changes, often
overlooked in clinical practice, may serve as early
markers of cardiovascular dysfunction in SCH patients,
particularly those with diabetes [18].

Correlation Between QTc Interval and TSH Levels

The positive correlation between elevated TSH levels
and prolonged QTc intervals observed in this study
further reinforces the link between thyroid dysfunction
and arrhythmogenic risk [19]. Group B showed a
stronger correlation, highlighting the amplifying effect of
diabetes on thyroid-related cardiovascular abnormalities.
These results suggest that TSH levels could serve as a
useful surrogate marker for predicting cardiac risk in
SCH patients, warranting further investigation [20].

Limitations and Future Directions

While this study provides valuable insights, it is limited
by its cross-sectional design, which precludes the
establishment of causality. The sample size, though
adequate for initial observations, may limit the
generalizability of the findings. Future studies should
include larger cohorts and employ longitudinal designs
to explore the progression of ECG changes in SCH
patients with and without diabetes. Additionally,
investigating the impact of therapeutic interventions,
such as thyroid hormone replacement or glycemic
control, on these parameters would provide a more
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comprehensive  understanding  of  their  clinical
significance.

Conclusion

This study underscores the significant
electrocardiographic (ECG) changes associated with
subclinical hypothyroidism (SCH) and highlights the
compounding effects of coexisting diabetes on cardiac
autonomic modulation. Patients with SCH exhibited
prolonged QT intervals, increased QT dispersion,
reduced heart rate variability (HRV), and a higher
incidence of T-wave abnormalities, all indicative of
autonomic dysfunction and arrhythmic potential. These
changes were more pronounced in diabetic SCH patients,
reflecting the synergistic impact of thyroid and glycemic
dysregulation on cardiovascular health.

The positive correlation between elevated thyroid-
stimulating hormone (TSH) levels and QTc interval
prolongation further emphasizes the role of thyroid
dysfunction as a contributor to cardiac risk. These
findings highlight the need for early detection and regular
monitoring of SCH, especially in individuals with
coexisting diabetes, to prevent long-term cardiovascular
complications.

Clinicians should consider incorporating ECG analysis
into routine evaluations for patients with SCH, with a
focus on identifying subtle yet clinically significant
changes such as QT prolongation, HRV reduction, and
arrhythmic events. Addressing thyroid and glycemic
imbalances through targeted therapeutic interventions
could mitigate these risks and improve overall
cardiovascular outcomes.

Future research should focus on longitudinal studies to
establish causal relationships, evaluate the long-term
effects of SCH and diabetes on cardiovascular health,
and explore the efficacy of early interventions in
modifying disease progression. By improving our
understanding of these interrelationships, we can better
address the cardiovascular burden associated with SCH
and diabetes, ultimately enhancing patient care and
outcomes.

References:

1. Aktar Ulukapi N, Kirel B, Kiztanir H, Sulu A, Kosger
P, Ozen H, Ucar B. Evaluation of heart rate
variability, QT dispersion, and Tp-e interval in


http://www.jchr.org/

Journal of Chemical Health Risks

www.jchr.org

JCHR (2024) 14(6), 1840-1843 | ISSN:2251-6727

pediatric subclinical hypothyroidism. Pediatr Res.
2024 Nov 24. doi: 10.1038/s41390-024-03759-3.
Epub ahead of print. PMID: 39582062.

. Mantzoros CS, Evagelopoulou K, Moses AC.
Outcome of percutaneous transluminal coronary
angioplasty in  patients  with  subclinical
hypothyroidism. Thyroid. 1995 Oct;5(5):383-7. doi:
10.1089/thy.1995.5.383. PMID: 8563477.

. Foldes J, Istvanfy M, Halmagyi M, Varadi A, Gara A,
Partos O. Hypothyroidism and the heart. Examination
of left wventricular function in subclinical
hypothyroidism. Acta Med Hung. 1987;44(4):337-
47. PMID: 3444711.

. Ridgway EC, Cooper DS, Walker H, Rodbard D,
Maloof F. Peripheral responses to thyroid hormone
before and after L-thyroxine therapy in patients with
subclinical hypothyroidism. J Clin Endocrinol
Metab. 1981 Dec;53(6):1238-42. doi: 10.1210/jcem-
53-6-1238. PMID: 7298802.

. Tayal B, Graff C, Selmer C, Kragholm KH,
Kihlstrom M, Nielsen JB, Olsen AS, Pietersen AH,
Holst AG, Sggaard P, Christiansen CB, Faber J,
Gislason GH, Torp-Pedersen C, Hansen SM. Thyroid
dysfunction and electrocardiographic changes in
subjects without arrhythmias: a cross-sectional study
of primary healthcare subjects from Copenhagen.
BMJ Open. 2019 Jun 21;9(6):e023854. doi:
10.1136/bmjopen-2018-023854. PMID: 31229996;
PMCID: PMC6596967.

. Nilsson G, Nordlander S, Levin K. Studies on
subclinical hypothyroidism with special reference to
the serum lipid pattern. Acta Med Scand. 1976;200(1-
2):63-67. doi: 10.1111/j.0954-6820.1976.th08197.x.
PMID: 961470.

. Brenta G, Multti LA, Schnitman M, Fretes O, Perrone
A, Matute ML. Assessment of left ventricular
diastolic function by radionuclide ventriculography
at rest and exercise in subclinical hypothyroidism,
and its response to L-thyroxine therapy. Am J
Cardiol. 2003 Jun 1;91(11):1327-30. doi:

10.1016/s0002-9149(03)00322-9. PMID: 12767425.
. Celik A, Aytan P, Dursun H, Koc F, Ozbek K, Sagcan
M, Kadi H, Ceyhan K, Onalan O, Onrat E. Heart rate
variability and heart rate turbulence in
hypothyroidism before and after treatment. Ann
Noninvasive Electrocardiol. 2011 Oct;16(4):344-50.

2425

10.

11.

12.

13.

14.

doi: 10.1111/j.1542-474X.2011.00461.x. PMID:
22008489; PMCID: PMC6932504.

Bakiner O, Ertorer ME, Haydardedeoglu FE, Bozkirli
E, Tutuncu NB, Demirag NG. Subclinical
hypothyroidism is characterized by increased QT
interval dispersion among women. Med Princ Pract.
2008;17(5):390-4. doi: 10.1159/000141503. Epub

2008 Aug 6. PMID: 18685279.

Maini CL, Tofani A, Sciuto R, Ferraironi A, Festa A,
Rea S. Myocardial 123I-MIBG kinetics in acutely
hypothyroid patients with differentiated thyroid
carcinoma. Nucl Med  Commun. 1999
Aug;20(8):719-26. doi: 10.1097/00006231-
199908000-00006. PMID: 10451880.

Krysicki M, Slusarczyk E, Popowicz B, Jankiewicz-
Wika J, Klencki M, Stowinska-Klencka D. Wptyw
leczenia subklinicznej niedoczynno$ci tarczycy na
wybrane parametry uktadu sercowo-naczyniowego
[Effect of subclinical hypothyroidism treatment on
selected cardiovascular parameters]. Pol Merkur
Lekarski. 2014 Jul;37(217):17-23. Polish. PMID:
25154194,

Spallone V, Ziegler D, Freeman R, Bernardi L,
Frontoni S, Pop-Busui R, Stevens M, Kempler P,
Hilsted J, Tesfaye S, Low P, Valensi P; Toronto
Consensus Panel on Diabetic Neuropathy.
Cardiovascular autonomic neuropathy in diabetes:
clinical impact, assessment, diagnosis, and
management. Diabetes Metab Res Rev. 2011
Oct;27(7):639-53. doi: 10.1002/dmrr.1239. PMID:
21695768.

Sudo SZ, Montagnoli TL, Rocha BS, Santos AD, de
S4 MPL, Zapata-Sudo G. Diabetes-Induced Cardiac
Autonomic Neuropathy: Impact on Heart Function
and  Prognosis.  Biomedicines. 2022  Dec
15;10(12):3258. doi:
10.3390/biomedicines10123258. PMID: 36552014;
PMCID: PMC9775487.

Carvalho NNC, de Oliveira Junior FA, da Silva G,
Baccin Martins VJ, Braga VA, da Costa-Silva JH,
Fernandes Pimenta FC, de Brito Alves JL. Impact of
arterial hypertension and type 2 diabetes on cardiac
autonomic modulation in obese individuals with
recommendation for bariatric surgery. Diabetes
Metab Syndr Obes. 2019 Aug 21;12:1503-1511. doi:
10.2147/DMS0.S204414. PMID: 31686874;
PMCID: PMC6709514.


http://www.jchr.org/

Journal of Chemical Health Risks
www.jchr.org
JCHR (2024) 14(6), 1840-1843 | ISSN:2251-6727

15.Lim VG, He H, Lachlan T, Ng GA, Kyrou I, Randeva
HS, Osman F. Impact of sodium-glucose co-
transporter inhibitors on cardiac autonomic function
and mortality: no time to die. Europace. 2022 Jul
21;24(7):1052-1057. doi:
10.1093/europace/euab321. PMID: 35080624.

16. Giacon TR, Vanderlei FM, Christofaro DG, Vanderlei
LC. Impact of Diabetes Type 1 in Children on
Autonomic Modulation at Rest and in Response to
the Active Orthostatic Test. PLoS One. 2016 Oct
27;11(10):e0164375. doi:
10.1371/journal.pone.0164375. PMID: 27788152;
PMCID: PMC5082837.

17. Zaki S, Alam MF, Sharma S, El-Ashker S, Ahsan M,
Nuhmani S. Impact of Concurrent Exercise Training
on Cardiac Autonomic Modulation, Metabolic
Profile, Body Composition, Cardiorespiratory
Fitness, and Quality of Life in Type 2 Diabetes with
Cardiac Autonomic Neuropathy: A Randomized
Controlled Trial. J Clin Med. 2024 Jul 3;13(13):3910.
doi: 10.3390/jcm13133910. PMID: 38999476;
PMCID: PMC11242881.

18.Durans LHF, Santos ERV, Miranda TDC, Silva
HNDSE, Junior NJSS, Macedo SRD, Mostarda CT.
Impacts of covid-19 on sleep quality and autonomic
function in elderly diabetic women. Auton Neurosci.
2023 Nov;249:103118. doi:
10.1016/j.autneu.2023.103118. Epub 2023 Aug 22.
PMID: 37657370.

19. Kiviniemi AM, Hautala AJ, Karjalainen JJ, Piira OP,
Lepojarvi S, Tiinanen S, Seppénen T, Ukkola O,
Huikuri HV, Tulppo MP. Impact of type 2 diabetes on
cardiac autonomic responses to sympathetic stimuli
in patients with coronary artery disease. Auton
Neurosci. 2013 Dec;179(1-2):142-7. doi:
10.1016/j.autneu.2013.08.068. Epub 2013 Aug 29.
PMID: 24075402.

20.Sanches IC, Conti FF, Bernardes N, Brito Jde O,
Galdini EG, Cavaglieri CR, Irigoyen MC, De Angelis
K. Impact of combined exercise training on
cardiovascular autonomic control and mortality in
diabetic ovariectomized rats. J Appl Physiol (1985).
2015 Sep 15;119(6):656-62. doi:
10.1152/japplphysiol.00883.2014. Epub 2015 Jul 16.
PMID: 26183482.

2426


http://www.jchr.org/

	1Dr. Anand Kumar, Tutor, 2Dr. Suman Sinha,3Dr. Ravi Bhushan,4Dr. Rajiva Kumar Singh
	Introduction
	Materials and Methods
	Study Population
	Inclusion Criteria
	Exclusion Criteria
	Data Collection
	ECG Analysis
	Statistical Analysis
	Results
	Table 1: Baseline Demographic Characteristics
	Table 2: Thyroid and Glycemic Profiles
	Table 3: ECG QT and QTc Intervals
	Table 4: HRV - Time Domain Parameters
	Table 5: T-Wave Morphology Abnormalities
	Table 6: Sympathetic and Parasympathetic Dominance Indicators
	Table 7: Incidence of Arrhythmic Events
	Table 8: Frequency of Bradycardia and Tachycardia Episodes
	Table 9: Time to Recovery of Normal ECG Parameters
	Table 10: Changes in Heart Rate Post-Intervention
	Table 11: Variations in PR Interval
	Table 12: Distribution of P-Wave Abnormalities
	Table 13: Frequency of ST-Segment Depression
	Table 14: Prevalence of Incomplete and Complete Heart Blocks
	Table 15: Correlation of QTc Interval Prolongation with TSH Levels
	ECG Alterations in SCH
	Impact of Diabetes on Autonomic Modulation
	Clinical Implications of T-Wave and ST-Segment Abnormalities
	Correlation Between QTc Interval and TSH Levels
	Limitations and Future Directions
	Conclusion
	References:

