"#)ASK

S s~ Publishers
— Research Article

Journal of Cardiovascular and Cardiology

Electrocardiographic T Wave Abnormality and Associated Factors Among Type
2 Diabetic Patients: Multicenter Institution-Based Cross-Sectional Study

Deresse Sinamaw Asmare!”, Daniel Gashaneh Belay?, Dagmawi Chilot?, Yibeltal Yismaw Gela*, Mengistie Diress*, Abdulwase
Mohammed Seid®>, Wudneh Simegn®, Anteneh Ayelign Kibret’, Habitu Birhan Eshetu®, Desalegn Anmut Bitew’, Amare
Agmas Andualem'’, Mohammed Abdu Seid" and Tadegew Adane Abebe!

'Department of Biomedical Science, School of Medicine, College of Medicine and Health Sciences, Debre Markos University, Debre Markos, Ethiopia
’Department of Human Anatomy, University of Gondar, Gondar, Ethiopia. Department of Epidemiology and Biostatistics, University of Gondar, Gondar, Ethiopia
3Addis Ababa university, college of health sciences, Center for Innovative Drug Development and Therapeutic Trials for Africa (CDT-Africa), Addis Ababa, Ethiopia
‘Department of Human Physiology, University of Gondar, Gondar; Ethiopia

’Department of Clinical Pharmacy, University of Gondar, Gondar, Ethiopia

*Department of social and administrative pharmacy, University of Gondar, Gondar, Ethiopia

"Department of Human Anatomy, University of Gondar, Gondar, Ethiopia

8Department of Health Education and Behavioral Sciences, University of Gondar, Gondar, Ethiopia

’Department of Reproductive Health, University of Gondar, Gondar, Ethiopia

"Department of Anesthesia, Wollo University, Dessie, Ethiopia

"Unit of Human Physiology, Department of Biomedical Science, College of Health Sciences, Debre Tabor University, Ethiopia

*Corresponding author
Ahmed Lateef Alkhagani, M.Sc, Ministry of Health, Al-Najaf Direction, Al-Sadder Medical Hospital, Al-Najaf, Iraq.

Received: November 18, 2023; Accepted: November 29, 2023; Published: December 04, 2023

ABSTRACT

Introduction: T wave abnormalities are usually found on ECG and show abnormal ventricular repolarization. The presence and magnitude of T wave
abnormality are often associated with cardiovascular disease and mortality in diabetes. However, there is no study about the electrocardiographic T wave
abnormalities among type 2 DM patients in Ethiopia. Therefore, this study determined the overall prevalence and the associated factors of T wave abnormalities
among people living with T2DM in Amhara National Regional State referral hospitals, Ethiopia.

Methods: A multicenter institution-based cross-sectional study was conducted from 01 January to 30 March 2022. Simple random sampling and systematic
sampling techniques were employed to select the referral hospitals and study participants, respectively. A digital electrocardiograph was used to measure the
T wave patterns, and an interviewer-administered questionnaire to collect sociodemographic and some clinical factors. Epi-data version-4.6 and Stata-14 were
used for data entry and statistical analysis, respectively. The descriptive statistics were presented with tables and graphs. A binary logistic regression model was
fitted to identify associated factors of T wave abnormality. In the final model, statistical significance was decided at p<0.05, and the strength of association was
indicated using an adjusted odds ratio with 95% CI.

Results: Two hundred and fifty-eight participants (response rate=99.6%) were included in the analysis. The prevalence of overall T wave abnormality was
21.7% (95% CI: 19, 29.2%). Higher monthly income (>90$) (AOR=0.16 [0.06, 0.46]), hypertension 5.55 (AOR=5.55 [2.12, 14.49]), fasting blood sugar of
>130mg/dl 6.38 (AOR=6.38 [1.94, 20.94]), were statistically significant factors of T wave abnormality.

Conclusions: Higher income, hypertension, and higher fasting blood sugar were significantly associated with ECG abnormality. The findings of this study

suggest the need to institute routine ECG screening for all T2DM patients to reduce silent myocardial ischemia and further complications.
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B ) Introduction
CAD = Coronary Artery Disease Micro-vascular and macro-vascular complications are the most
DM = Diabetes Mellitus prevalent causes of mortality and morbidity among people living
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with DM [1-4]. In diabetic patients, Cardiovascular disease
(CVD) accounts for 24-30% of hospitalization and about one-
third of deaths [5]. Coronary artery disease (CAD) reaches about
75-90% of deaths [6].

The T wave on an electrocardiogram (ECG) represents typically
ventricular  repolarization. However, various waveform
morphologies may indicate benign or clinically significant
injury or insult to the myocardium [7]. T wave abnormalities
are usually found on ECG and show abnormal ventricular
repolarization [8]. The presence and magnitude of T wave
abnormality are often associated with cardiovascular disease
and mortality in diabetes [8]. Moreover, the abnormal T wave is
a highly prevalent condition in type 2 diabetes mellitus (T2DM)
patients and is correlated with glycemic control. The risk of
ventricular arrhythmias and sudden cardiac death is significantly
increased in T2DM individuals [9].

Globally, the abnormal T wave is a very common condition
(25%) among people with type 2 diabetes without the
manifestation of CVD [10]. In a study in China, the prevalence
of T wave abnormality was 26.9%, 20.9% in sub-Saharan
African individuals, 22% in India, 21% and 25.4% in Italy (14),
and 24.3% in African Americans [11-15].

T wave abnormality is associated with older age, male sex,
smoking cigarette, higher BMI, higher fasting glucose,
hypertension, and longer duration of T2DM [16[. A study in Italy
showed that T wave abnormality in T2DM is associated with age,
DM duration, and high HA1c [10]. In China Honghong, smoking
cigarettes, and hypertension were significantly associated with T
wave abnormalities [11]. In the Netherlands, the prevalence of
abnormal TWA was related to reduced ejection fraction but not
to BMI, DM duration, glycemic control, and insulin use [17]. In
Canada, age and sex were associated with T wave abnormality
[18].

Common measures that have been done to reduce cardiovascular
complications were resting ECG examination every 3-5 years
for the duration of diabetes >15 years, >40 years old, end-organ
damage, and more than one cardiovascular disease risk factor [19].

In Ethiopia, the prevalence of overall ECG abnormality was
conducted among apparently healthy adult T2DM patients
[20]. Nonetheless, this study didn’t address specific T wave
abnormalities in T2DM. Therefore, the current study aimed
to assess the prevalence and associated factors of T wave
abnormality (TWA) among people living with T2DM in selected
referral hospitals in the Amhara Region.

Materials and Methods

Study Setting, Design, and Period

The Gondar specialized referral hospital, Debre Birhan referral
hospital, and Debre Markos referral hospital were the three
referral hospitals in the Amhara region where this study was
carried out between January 1 and March 30, 2022. In Amhara
Region, seven referral hospitals provide comprehensive diabetic
follow-up care. From these, three hospitals were selected to
conduct this study. First, Debre Markos referral hospital has
provided comprehensive diabetic care services to an estimated

catchment population size of more than 3.5 million. The
diabetic follow-up clinic in Debre Markos Referral Hospital
provides service from Monday to Friday for a total of more than
3840 type 2 DM patients currently attending follow-up at this
Hospital. Second, Debre Birhan referral hospital is situated in
North Shewa, which is 130 km away from Addis Ababa, and
516 km away from Bahir Dar. It provides diabetic care follow-
up every day from Monday to Friday for a total of 1634 T2DM
patients. Lastly, Gondar specialized referral hospital is found
in North Gondar situated 658 km away from Addis Ababa and
provides comprehensive diabetic care services to an estimated
catchment population size of 6 million. It, also, offers diabetic
care follow-up every day from Monday to Friday for a total of
5312 T2DM patients.

Population and Eligibility Criteria

All T2DM patients who received follow-up care at the referral
hospitals in the Amhara National Regional State comprised the
source population. All T2DM patients who visited the chosen
referral hospitals in the Amhara National Regional State for
a follow-up visit during the study period comprised the study
population. The study included all T2DM patients who had
received a diagnosis, were at least 18 years old, and who visited
for follow-up care during the study period. Patients with T2DM
who had a known thyroid condition or symptoms suggestive of
one, were on beta-blockers, pregnant, or were critically unwell
at the time of data collection, however, were not included.

Sample Size Determination and Sampling Technique

With the assumption of a 95% confidence interval (CI) and a 5%
margin of error (d=0.05), the required sample size was calculated
using the single population proportion calculation utilizing an
estimated prevalence of 20 percent (p=0.2) of T wave anomaly
from a study done in Senegal [21]. The total sample size was 259
after considering a nonresponse rate of 5%. In this study, three
out of seven referral hospitals in the Amhara Region were chosen
using a straightforward random sample procedure. Then, based
on the number of T2DM patients at each chosen institution,
a proportional allocation of samples was used. In the chosen
referral hospitals, there were 1502 study participants. After
determining the Kth interval for each study participant (1502)
to each chosen hospital by using the formula: K=N/n: (640/110,
550/94, and 312/55=6), a systematic sampling strategy was then
utilized to recruit each study participant from the chosen referral
hospitals. Then, using a lottery system, the beginning point was
2, chosen at random from 1-6. Every sixth interval, a follow-up
individual was chosen to be the next participant.

Operational /Conceptual Definitions

The Electrocardiographic Change was identified deviation of
ECG pattern from normal sinus ECG pattern based on Minnesota
ECG coding criteria [22].

T Wave Abnormality was identified when T-wave is inverted,
peaked, or flattened [22].

Regular Physical Exercise is defined as an adult doing moderate
physical exercise 2-5 hours per week [23].
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Higher Income is defined as a person earning above 90 US
dollars per month according to Ethiopian income distribution
[24].

Data Collection Instruments and Procedures

After three days of training, one professional nurse and one
supervisor (Nurse) used the World Health Organization’s
(WHO) step-by-step standard questionnaire, which includes
socio-demographic variables, anthropometric measurement, and
clinical aspects, to gather the data. Additionally, ECG parameters
were measured using a digital electrocardiograph (CONTEC
ECG1200G), blood pressure with a blood pressure monitor,
weight with a weighing scale, and height with a height scale.
Electrocardiographic T wave abnormalities-related questionnaires
were adopted from previously published articles on ECG
abnormalities among T2DM [15,21,25]. The ECG measurement
was taken by a one-trained person in ECG recording, and
interpretation of T wave abnormality was done by a cardiologist.

Measurement Variables

Electrocardiographic Measurement

The CONTEC ECG 1200G, a Chinese-made standard resting
12-lead digital electrocardiographic machine, was utilized in
the investigation. Its calibrated paper speed was 25 mm/s, with
each large box standing in for 0.2s and each tiny box for 0.04s,
respectively. The patient was instructed to expose the chest area
and remove any electromagnetic objects from his or her body
before the measurement was carried out in a supine position
with a 45-degree incline. Additionally, instructions were given
for the patients to quit talking, moving, and breathe more lightly
while the ECG was being recorded. After the transparent gel was
applied, ten electrodes (four limb electrodes at the right arm, left
arm, and legs, and six chest electrodes, V1-V6) were placed on
the participant’s arms, legs, and chest, resulting in a total of 12
leads [22]. Finally, the Minnesota coding system was used to
identify ECG tracings as having T wave abnormality [26].

Anthropometric Measurement

Using a body scale, the weight (kg) was measured while wearing
only minimal closes, to the nearest 0.1kg. By utilizing a metric
stadiometer and the individuals standing straight without shoes
or headgear, height (m) was measured to the nearest 0.lcm.
The formula used to determine the body mass index (BMI) is
BMI=wt/(ht)> (W=Weight in kg, H=Height in meters). [27].

Blood Pressure Measurement

After five minutes of rest, a standard sphygmomanometer blood
pressure instrument was used to take the patient’s blood pressure
while they were sitting comfortably with their left arm parallel
to their heart. The average of the two successive blood pressure
readings, taken at intervals of no less than five minutes, was
calculated.

Data Quality Control

The questionnaire underwent pre-testing at Burie General
Hospital in Northwest Ethiopia to ensure data quality. Data
collectors received three days of instruction on the purpose of
the study, the procedures of data collection, and how to gather
information from those chosen participants. The principal
investigator and supervisor also evaluated and verified the data
during the data collection period to ensure its accuracy.

Variables
Dependent Variable: T wave abnormality (binary; dichotomized
as Yes or No)

Independent Variables: age, sex, marital status, residence,
educational status, occupation, income, history of heart disease,
history of kidney disease, body mass index, fasting blood sugar,
blood pressure, duration of diabetes, physical activity, cigarette
smoking, khat chewing, type of drug for DM

Data Processing and Analysis

The collected information was verified as accurate before being
entered into Epi-data version 4.6 and exported into Stata-14 for
analysis. Following a check for normal distribution, descriptive
statistics such as mean, standard deviation (for continuous
variables), and frequency with percentages were applied to
categorical variables depending on the nature of the data.
Binary logistic regression was used to ascertain the relationship
between independent variables and T wave anomalies. Model
fitness was examined using the Hosmer-Lemeshow test
(p>0.05). The first step was to do a bivariable analysis of each
of the chosen indicators for the dataset. Then, to find variables
that had a statistically significant association with TWA (p0.05),
any variable with a P-value of p<0.2 was added to multivariable
regression analysis. Crude odds ratio (COR) and adjusted odds
ratio (AOR) computations with a 95% confidence interval (CI)
were used to assess the strength of the association.

Result

Sociodemographic Characteristics

In this study, a total of 258 (males=133) T2DM patients
participated, making a 99.6% response rate. The mean age
of the respondents was 56.7(+12.7, range= 28-80) years. The
mean monthly income was $112.9(+$65.6) (Table -1), and
the mean duration of DM was 6.6(+5.24) years, ranging from
6 months to 25 years (Table 2). Moreover, the mean fasting
blood sugar was 154.4+50.6mg/dl. The mean body mass index
(BM) was 25.8+4kg/m? and, one hundred and nine (42.3%)
of the respondents were hypertensive. BMI of 25kg/m? and
above, duration of DM above 10 years, and hypertension were
associated with T wave abnormality in chi-square analysis.
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Table 1: Socio-demographic characteristics of T2DM patients grouped by T wave abnormalities using chi-square among
selected Referral Hospitals in Amhara National Regional State, Ethiopia, 2022 (n=258)

T wave abnormality
Variables Categories Total (%) X? p-value
Yes (%) No (%)
S Male 133 (51.60) 28 (10.9) 105(40.7) p=0.793
ex
Female 125(48.40) 28 (10.9) 97(37.5)
<45 69(26.80) 2(0.8) 67(26)
46-54 46(17.80) 8(3.1) 38(14.7) P<001
Age (years)
55-64 66(25.60) 20(7.7) 46(17.8)
>65 77(29.80) 26(10.1) 51(19.8)
: Urban 195(75.58) 37 (14.4) 155(60.1)
Residence P=0.061
Rural 63(24.42) 19 (7.4) 44(17.1)
<§57.34 97(37.6) 41(15.9) 56(21.7)
Income (USD) $57.34-$103.2 32(12.4) 4(1.6) 28(10.9) P<001
>§$103.2 129(50) 11(4.3) 118(45.7)
Current marital | Married 188(72.87) 35(13.6) 153(59.3) P—0.049
status Unmarried 70(27.13) 21(8.1) 49(19.0) ’
No formal education 94(36.43) 29(11.2) 65(25.2)
Educational status | 1° and 2"ry education | 15(5.81) 3(1.2) 12(4.7) P=0.025
College and above 149(57.76) 24(9.3) 125(48.4)
Employed 122(47.29 21(8.2 101(39.1
Occupation = ( ) (8-2) ( ) P=0.097
Unemployed 136(52.71) 35(13.6) 101(39.1)
i Yes 42(16.28) 3(1.2) 39(15.1)
Regular exercise p<0.05
No 216(83.72) 53(20.5) 163(63.2)

Key: USD= United States Dollar

Table 2: Clinical profile of T2DM patients grouped by T wave abnormality using chi-square among selected Referral
Hospitals in Amhara National Regional State, Ethiopia, 2022 (n=258)

T wave abnormality
Variables Categories Total (%) X? p-value
Yes (%) No (%)
<2 73(28.2) 7(2.7) 66(25.6)
Duration of DM | 2-5 64(24.8) 9(3.5) 55(21.3) <0.01
(years) 6-10 64(24.8) 17(6.6) 47(18.2) P
>10 57(22.0) 23(8.9) 34(13.2)
<130mg/dl 98(37.98 4(5.4 94(32.6
FBS mg/dl (37.98) (5.4) (32.6) p<0.001
>130mg/dl| 160(62.02) 52(39.5) 108(22.5)
: Yes 109(42.25) 45(17.4) 64(24.8)
Hypertension p<0.001
No 149(57.75) 11(4.3) 138(53.5)
<25 133(51.55) 17(6.6) 116(45.0)
BMI (kg/m?) p<0.001
25 and above 125(48.45) 39(15.1) 86(33.3)

Key: BMI= body mass index, FBS =fasting blood sugar, DM =Diabetes Mellitus

The Distribution of T Wave Abnormalities in Type 2 Diabetes Mellites
The overall prevalence of T-wave abnormalities among people living with T2DM was 21.7% (95% CI: 19, 29.2%). The most
commonly encountered T wave abnormality was inverted T wave 38(14.7%).

Associated Factors of T-Wave Abnormality in T2DM

T wave abnormality was associated with age, educational status, occupation, income, body mass index, duration of DM, hypertension,
and, fasting blood sugar in the bivariable analyses at a 5% level of significance. In this regression model, factors with p<0.2 were
entered into multivariable binary logistic regression. Therefore, from socio-demographic factors, income was statistically significant
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with T wave abnormality. The odds of developing T wave abnormality with a one-unit increase in income were reduced by 30%.
The odds of T wave abnormality in fasting blood sugar of >130mg/dl was 6.38 times (AOR =6.38, 95% CI; 1.94, 20.94) higher than
those who had a fasting blood sugar of <130mg/dl. Those who had hypertension were 5.5 times (AOR =5.5, 95% CI; 2.12-14.5)
more likely to acquire T wave abnormality compared to their counterparts (Table 3).

Table 3: Sociodemographic and clinical covariates in bivariable and multivariable binary logistic regression analysis among
T2DM in selected Referral Hospitals in Amhara Region, Ethiopia, 2021(n=258)

X T-wave abnormality
Variables COR (95%CI) AOR (95%CI)
Yes (%) No (%)
Age in years Educational status 63.6+9.8 51+12.2 1.10(1.07, 1.12) 1.01 (0.96, 1.05)
No formal education 29(61.7) 65(38.3) 1 1
1° and 2™ education 3(53.3) 12(46.7) 0.56(0.15, 2.13) 1.94 (0.36, 10.48)
College and above 24(33.6) 125(66.4) 0.43(0.23, 0.80) 1.05(0.28, 4.02)
Monthly income in USD
<508 41(71.1) 56(28.9) 1 1
50-90% 4(53.1) 28(46.9) 0.12(0.06, 0.60) 0.13(0.04, 0.49) *
>90$ 11(23.3) 118(76.7) 0.13(0.06, 0.27) 0.16 [0.06, 0.46]) *
Occupation
Employed 21(17.2) 101(82.8) 1 1
Unemployed 35(25.7) 101(74.3) 1.70 (0.91-3.06) 0.31 (0.08, 1.22)
Regular exercise
Yes 3(7.1) 39(92.9) 1 1
No 53(24.5) 163(75.5) 4.22(1.26, 14.23) 1.58 (0.35,7.2)
Duration of DM in (years)
<2 7(9.6) 66(90.4) 1 1
2-5 9(14.1) 55(85.9) 1.54(0.54, 4.41) 1.22(0.32, 4.65)
6-10 17(26.6) 47(73.4) 3.41(1.31,8.87) 0.77 (0.19, 3.09)
>10 23(40.4) 34(59.6) 6.40(2.49, 16.36) 1.04 (0.24, 4.58)
Body mass index kg/m?
<25 27(18.9) 116(81.1) 1 1
25 and above 39(31.2) 86(68.8) 3.1(1.64, 5.83) 0.86 (0.34, 2.15)
FBS
<130mg/dl 4(4.1) 94(95.9) 1 1
>130mg/dl 52(32.5) 108(67.5) 11.31(3.94, 32.46) 6.38(1.94, 20.94) *
HTN
Yes 45(41.3) 64(58.7) 8.82(4.28, 18.17) 5.55 (2.12, 14.49) ***
No 11(7.4) 138(92.6) 1 1
Key: *=p<0.05, **=p<0.01, ***p=,0.001, HTN= Hypertension, FBS = fasting blood sugar, 1=constant, Hosmer Lemeshow Goodness
of fit p=0.31
Discussion arterial inflammation, thrombosis, and atherogenesis, which

This study determined the prevalence of T wave abnormality
and its associated factors. From this, the most commonly
encountered T wave abnormality was the inverted T wave. The
overall prevalence of T-wave abnormalities among people living
with T2DM was 21.7% (95% CI: 19, 29.2%) which is consistent
with studies in China at 26.9%, India at 22%, Italy at 21%, and
25.4%, Sub-Saharan 20.9%, and 24.3% in African Americans
[11-15]. The physiological condition of oxidative stress brought
on by poor glycemic management, obesity, dyslipidemia, insulin
resistance, hypertension, and inactivity may be the cause of this
prevalence of T wave abnormalities. Then, as a result of elevated
advanced glycation end products (AGE) and impaired protein
kinase C signaling, oxidative stress results in vasoconstriction,

results in aberrant ventricular repolarization [28-30].

Finally, factors associated with TWA in T2DM patients were
identified. Income, hypertension, and fasting blood sugar were
factors significantly associated with T wave abnormality. A one §
increase in income reduces T wave abnormality by 30%. Though
no previous study was conducted to show this association, the
reason for this relationship might be due to increasing self-
glucose monitoring practice by easily accessing the glucose
monitoring materials, whereas those with low income may not
have access to do so. The other reason might be due to increasing
health care service receiving practice and the ability to have diet
modifications [31].
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The odd of T wave abnormality among T2DM with hypertensive
patients was 5.6 times higher than T2DM patients with no
hypertension. This was consistent with the studies done in China
, the Netherlands, and Senegal [11,17,21]. This could be a result
of hypertension reducing blood flow to the heart tissue and
causing silent myocardial ischemia. [32,33]. On the other hand,
it does not line up with the Italian study, Netherland, and India
[13,14,17]. This might be due to the effective prevention and
treatment of hypertension in this country.

Compared to those with < 130mg/dl of fasting blood sugar,
T2DM patients who had >130mg/dl were 6.6 times more likely
to develop T wave abnormalities. This study was supported by
other studies in Italy, and Canada [14,18]. This might be because
insulin does not control the transport of glucose across cell
membranes, and excessive glucose concentrations harm cells
with high intracellular glucose and glucose metabolites levels.
These compounds cause the production of reactive free radicals
and the deposition of advanced glycation end products by
activating auxiliary metabolic pathways such as the sorbitol and
protein kinase C pathways [34-36]. However, a study showed
in Netherland, that fasting blood sugar was not significantly
associated with T wave abnormality [17]. This difference might
be due to adherence to diabetic medication, and self-glucose
monitoring practice awareness creation for the patients [37].

Strength and Limitations of the Study

This study’s key contribution to understanding the burden of
T wave abnormalities and related parameters in multi-center
settings helped to make it more robust and representative.
However, the following restrictions should be considered when
interpreting the study’s results. It is challenging to demonstrate
a cause-and-effect link because the study was a cross-sectional
survey. Furthermore, the study did not evaluate how lipid levels
affected T wave abnormalities.

Conclusion

Nearly, one-fifth ofthe study participants had electrocardiographic
T wave abnormalities. The most common T -wave abnormality
was the inverted T wave. Income, fasting blood sugar, and
hypertension were factors that have a statistically significant
association with T wave abnormalities. The health sector should
institute a routine ECG screening for all T2DM patients to
reduce silent myocardial infarction and further complications.

Declarations

Ethical Approval and Consent to Participate

Ethical approval was obtained from the FEthical Review
Committee of the School of Medicine, College of Medicine
and Health Sciences, University of Gondar (470/04/2022), and
a letter of permission was taken from Amhara Public Health
Institute (1280/01/2022). It was confirmed that the study met
the ethical and scientific standards outlined in national and
international guidelines. Written informed consent was obtained
from each study participant. Study participants that have T wave
abnormalities were consulted with a cardiologist for further
examinations.

Consent for publication
Not applicable

Patient and Public Involvement
Patients were not formally involved in developing this specific
study design.

Data and Materials Availability

We included all the relevant information in the manuscript but
the refined dataset can be obtained from the corresponding author
upon request. The paper has been published in a preprint [38]

Competing of Interests
All authors declare that they have no conflict of interest.

Funding
No specific funding was obtained from governmental or non-
governmental organizations.

Contributions of the Authors’

D.S: design, conception methodology, data collection, software,
formal analysis, resources, data curation, writing - original
manuscript draft, writing - review & editing, visualization,
supervision. D.G and D.C participated in visualization,
methodology, software, data curation, analysis, reviewing of the
manuscript draft, and supervision. Y.Y and M.D participated in
visualization, methodology, software, data curation, analysis,
reviewing of the manuscript draft, and supervision. A.M and
W.S participated in visualization, methodology, software, data
curation, analysis, reviewing of the manuscript draft, and
supervision. A.A, H.B, and D.A participated in visualization,
methodology, software, data curation, analysis, reviewing of the
manuscript draft, and supervision. A. A and ML.A: took part in
methodology, software, data curation, analysis, reviewing the
manuscript draft, and supervision.

Acknowledgment

The authors would like to acknowledge Debre Markos University,
data collectors, and supervisors. And, we would like to thank the
study participants for their participation in the study.

Reference

1. Matheus AS, Tannus LR, Cobas RA, Palma CC, Negrato CA,
et al. Impact of diabetes on cardiovascular disease: an update.
International journal of hypertension. 2013. 2013: 15.

2. FanW. Epidemiology in diabetes mellitus and cardiovascular
disease. Cardiovascular endocrinology. 2017. 6: 8.

3. Leon BM, Maddox TM. Diabetes and cardiovascular
disease: Epidemiology, biological mechanisms, treatment
recommendations, and future research. World journal of
diabetes. 2015. 6: 1246.

4. Fox CS, Golden SH, Anderson C, Bray GA, Burke LE, et
al. Update on prevention of cardiovascular disease in adults
with type 2 diabetes mellitus in light of recent evidence:
a scientific statement from the American Heart Association
and the American Diabetes Association. Circulation. 2015.
132: 691-718.

5. Al-Salameh A, Chanson P, Bucher S, Ringa V, Becquemont
L, et al. Cardiovascular disease in type 2 diabetes: a review
of sex-related differences in predisposition and prevention.
Mayo Clinic Proceedings. 2019. 94: 287-308.

6. Richard IG, Holt MA. Textbook of Diabetes. 2010. 9: 635.

7. Kenny BJ, Brown KN. ECG T Wave. StatPearls [Internet]:
StatPearls Publishing; 2021.

J Cardiovas Cardiol, 2023

www.oaskpublishers.com

Page: 6 of 7



Copyright © Asmare DS, et al.

Volume 1 | Issue 1

8.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Mould SJ, Soliman EZ, Bertoni AG, Bhave PD, Yeboah
J, et al. Association of T-wave abnormalities with major
cardiovascular events in diabetes: the ACCORD trial. 2021.
64:504-511.

Bonapace S, Targher G, Molon G, Rossi A, Costa A, et
al. Relationship between early diastolic dysfunction and
abnormal microvolt T-wave alternans in patients with type
2 diabetes. 2011. 4: 408-414.

Molon G, Costa A, Bertolini L, Zenari L, Arcaro G, et al.
Relationship between abnormal microvolt T-wave alternans
and poor glycemic control in type 2 diabetic patients. 2007.
30: 1267-1272.

Zhen Z, Chen Y, Liu J-H, Chan CW-S, Yuen M, et al.
Increased T-wave alternans is associated with subclinical
myocardial structural and functional abnormalities in
patients with type 2 diabetes. 2016. 68: 329-334.

DZuDiE A, CHOuKEM S-P, Kamdem F, Doualla
MS, Joko HA, et al. Prevalence and determinants of
electrocardiographic abnormalities in sub-Saharan African
individuals with type 2 diabetes: cardiovascular topic. 2012.
23:533-537.

Gupta S, Gupta RK, KulShReStha M, ChaudhaRy RRIJJoc,
JCDR dr. Evaluation of ECG abnormalities in patients with
asymptomatic type 2 diabetes mellitus. 2017. 11: OC39.
Molon G, Targher G, Costa A, Bertolini L, Barbieri E,
et al. Measurement of microvolt T-wave alternans, a
new arrhythmic risk stratification test, in type 2 diabetic
patients without clinical cardiovascular disease. 2006 Jan
(19);23(2):207-10.

Sellers MB, Divers J, Lu L, Xu J, Smith SC, Bowden DW,
et al. Prevalence and determinants of electrocardiographic
abnormalities in African Americans with type 2 diabetes.
2014. 4: 289-296.

Sigurdsson E, Sigfusson N, Sigvaldason H, Thorgeirsson
GJJotACoC. Silent ST-T changes in an epidemiologic
cohort study - a marker of hypertension or coronary heart
disease, or both: the Reykjavik study. 1996. 27: 1140-1147.
Martin DT, Shoraki A, Nesto RW, Rutter MKJAONE.
Influence of diabetes and/or myocardial infarction on the
prevalence of abnormal T-wave alternans. 2009. 14: 355-
359.

Perkiomaiki J, Exner DV, Piira OP, Kavanagh K, Lepojérvi
S, et al. Heart rate turbulence and T-wave alternans in
patients with coronary artery disease: The influence of
diabetes. 2015. 20: 481-487.

Committee DCCPGE. Diabetes Canada 2018 clinical
practice guidelines for the prevention and management of
diabetes in Canada. Can J Diabetes. 2018. 42: 1-325.
Bedane DA, Tadesse S, Bariso M, Reta W, Desu G.
Assessment of electrocardiogram abnormality and
associated factors among apparently healthy adult type
2 diabetic patients on follow-up at Jimma Medical
Center, Southwest Ethiopia: Cross-sectional study. BMC
Cardiovascular Disorders. 2021. 21: 1-8.

Ndour MA, Abdoulaye L, Codou FB, Mohamed LY, Nafy
N, et al. Electrocardiographic changes in patients with Type
2 diabetes multicentric cross-sectional and descriptive study
in Dakar. 2017. 7: 64.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Cadogan M, Nickson C. ECG basics. Retrieved December.
2014. 8:2014.

Bull FC, Al-Ansari SS, Biddle S, Borodulin K, Buman
MP, et al. World Health Organization 2020 guidelines on
physical activity and sedentary behavior. British Journal of
Sports Medicine. 2020. 54: 1451-1462.

Bigsten A, Makonnen NJADR. The anatomy of income
distribution in urban Ethiopia. 1999. 11: 1-30.

Harms PP, van der Heijden AA, Rutters F, Tan HL, Beulens
JW, et al. Prevalence of ECG abnormalities in people with
type 2 diabetes: The Hoorn Diabetes Care System cohort.
2021. 35: 107810.

Prineas RJ, Crow RS, Zhang Z-M. The Minnesota code
manual of electrocardiographic findings: Springer Science
& Business Media. 2009.

Kuczmarski RJ. CDC growth charts: United States: US
Department of Health and Human Services, Centers for
Disease Control and. 2000.

Martin-Timoén I, Sevillano-Collantes C, Segura-Galindo A,
Del Canizo-Gomez FJ. Type 2 diabetes and cardiovascular
disease: Have all risk factors the same strength? World
journal of diabetes. 2014. 5: 444-470.

Ormazabal V, Nair S, Elfeky O, Aguayo C, Salomon C, et al.
Association between insulin resistance and the development
of cardiovascular disease. Cardiovascular diabetology.
2018. 17: 1-14.

Tangvarasittichai S. Oxidative stress, insulin resistance,
dyslipidemia, and type 2 diabetes mellitus. World journal of
diabetes. 2015. 6: 456.

Houle J, Lauzier-Jobin F, Beaulieu M-D, Meunier S,
Coulombe S, et al. Socioeconomic status and glycemic
control in adult patients with type 2 diabetes: a mediation
analysis. BMJ Open Diabetes Research &amp;amp; Care.
2016. 4: e000184.

Oh GC, Cho H-J. Blood pressure and heart failure. Clinical
Hypertension. 2020. 26: 1.

Subramaniam V, Lip GY. Hypertension to heart failure: a
pathophysiological spectrum relating blood pressure, drug
treatments and stroke. Expert review of cardiovascular
therapy. 2009. 7: 703-713.

Haas AV, McDonnell ME. Pathogenesis of Cardiovascular
Disease in Diabetes. Endocrinology and metabolism clinics
of North America. 2018. 47: 51-63.

Paneni F, Beckman JA, Creager MA, Cosentino F.
Diabetes and vascular disease: pathophysiology, clinical
consequences, and medical therapy: part 1. Eur Heart J.
2013. 34: 2436-2443.

Kenny HC, Abel ED. Heart Failure in Type 2 Diabetes
Mellitus. Circ Res. 2019. 124: 121-141.

Polonsky WH, Henry RR. Poor medication adherence in
type 2 diabetes: recognizing the scope of the problem and
its key contributors. Patient Prefer Adherence. 2016. 10:
1299-1307.

Sinamaw D, Belay DG, Chilot D, Gela YY, Diress M, et
al. Electrocardiographic T wave abnormality and associated
factors among type 2 diabetic patients in Amhara National
Regional State Referral Hospitals, Ethiopia: Multicenter
institution-based cross-sectional study. 2022.

Copyright: © 2023 Deresse Sinamaw Asmare, et al. This is an open-access article distributed under the terms of the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

J Cardiovas Cardiol, 2023

www.oaskpublishers.com

Page: 7of 7



