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ARTICLE INFO ABSTRACT

Keywords: Aims: To identify the prevalence of major and minor electrocardiographic abnormalities and their association
ECG with the main risk factors for cardiovascular disease in a population in the province of Bengo, northern Angola.

Major and minor electrocardiographic Methods: A cross-sectional community-based study was conducted and a representative random sample stratified

abno. alities . by sex and age was selected. In total, 2379 black individuals were included in the final analysis. A standard 12-
Cardiovascular risk factors A K X
Angola lead ECG were recorded from all participants, analyzed and processed by the University of Glasgow software and

coding by the Minnesota code.

Results: 22.3% of participants had minor electrocardiographic abnormalities and 4.58% major ECG abnormal-
ities. The most common minor ECG abnormalities were abnormal T wave inversion, minor isolated ST abnor-
malities and premature beats. The most common major ECG abnormalities were Left ventricular hypertrophy
with major ST-T abnormalities, Ventricular conduction defects and major Q-wave abnormalities. Hypertension,
diabetes mellitus, hypercholesterolemia, alcohol consumption and smoking, were significantly associated with
major and minor electrocardiographic abnormalities.

Conclusions: In this study several participants had minor and major electrocardiographic abnormalities. Minor
electrocardiographic abnormalities were more prevalent in men and major abnormalities in women. The elec-
trocardiographic abnormalities had significant associations with the main cardiovascular risk factors.

and technological advances, the use of ECG has become an important
tool and widely used in population studies, mainly for identifying
electrocardiographic abnormalities that predict major cardiovascular

1. Introduction

The electrocardiogram (ECG) is one of the most commonly used

noninvasive tool in cardiology clinical practice, and it is the first com-
plementary approach in the management of cardiac symptoms [1].
The importance of using the ECG in Medicine has been established
for many years, and created a great advance and an innovative resource
for the study of conditions related to heart disorders, with a great
advantage in terms of diagnostic, accessibility and good accuracy [2].
The ECG has been used in cardiovascular epidemiology, due to its low
cost, availability, safety of use and its ability to predict unfavorable
outcomes in different populations [3,4]. With recent methodological

events [5].

Several surveys have described electrocardiographic characteristics
in Africans living in Sub-Saharan Africa over the past 5 decades, and
have reported the following distinctive ECG patterns: inverted and
flattened T waves, ST elevation, axis deviation and high R wave
amplitude [6-13].

However, there is a scarcity of studies that associate electrocardio-
graphic abnormalities to cardiovascular risk factors in African pop-
ulations, especially in Sub-Saharan Africa, in contrast to several studies
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that have already established this relationship in Caucasian, Latin and
African American populations [14-18], and there is no information in
the medical literature on the electrocardiographic abnormalities and
their relationship with cardiovascular risk factors in Angolans
[10,13,19,20].

Therefore, the aim of this study is to identify major and minor
electrocardiographic abnormalities and their association with the main
cardiovascular risk factors in a population of the province of Bengo,
northern Angola, analyzed in the CardioBengo study [21].

2. Methods
2.1. Study design

The data presented herein was obtained from a community-based
survey conducted in the catchment area of the Dande Health and De-
mographic Surveillance System (Dande-SVSD) located in the munici-
pality of Dande, Bengo province, located 60 km north of Luanda, the
capital of Angola. The CardioBengo was a cross-sectional, community-
based survey conducted from September 2013 to March 2014. A
representative random sample stratified by sex and age was selected,
aged between 15 and 84 years old, the participants were assessed for
sociodemographic, behavioral and physical characteristics. The study
design has been described in detail elsewhere [21]. Participants with
missing anthropometric values (n = 76), missing ECG (n = 4), and
pregnant women (n = 116) were excluded from the analysis. Therefore,
2 379 black individuals were included in the final analysis.

3. Data collection

From all participants anthropometric data and information on age,
education, alcohol and tobacco consumption was collected through a
structured interview conducted by trained and certified interviewers. All
the procedures followed the standardized protocol of the World Health
Organization (WHO), based on the Surveillance Manual (STEPS) for
Chronic Disease Risk Factors (central and expanded version 3.0) [22].
Measurements of blood pressure was performed with the automatic
sphygmomanometer OMRON M6 Comfort (OMRON Healthcare Europe
BV, Hoofddorp, The Netherlands), with the individual seated, and using
an appropriate cuff size. Three readings were done at three-minute in-
tervals. The mean value of the last two measurements was used to
determine the blood pressure. Blood sugar was measured using a blood
glucose meter ACCU-CHEK Aviva (Roche Diagnostic, Indianapolis, IN,
USA) with ACCU-CHEK Aviva glucose reactive strips (Roche Diagnostic,
Indianapolis, IN, USA). Total cholesterol in the blood was measured
using a point-of-care device ACCUTREND Plus (Roche Diagnostic,
Indianapolis, IN, USA) with ACCUTREND cholesterol reactive strips
(Roche Diagnostic, Indianapolis, IN, USA).

Participants were considered diabetic if fasting blood glucose > 126
mg/dL or postprandial blood glucose > 200 mg/dL. Patients were
classified as hypertensive if mean values of systolic blood pressure (SBP)
> 140 mmHg and / or diastolic blood pressure (DBP) > 90 mmHg.
Hypercholesterolemia was considered when a participant has total
cholesterol levels > 240 mg/dL. Obesity was considered when body
mass index > 30 Kg/m?. Current smokers were defined as participants
who reported smoking at least one cigarette per day.

4. Electrocardiographic measures

A standard 12-lead ECG and a rhythm strip were recorded at baseline
from all participants using an AsCARD Mr. Grey V 201 12-channel
electrocardiograph (ASPEL, Zabierzéw, Poland). The examination was
performed with the individual in resting supine position, respecting the
participants rights to privacy. The exam was digitally recorded using the
CARDIO TEKA v001 database software (ASPEL, Zabierzow, Poland). The
digitally collected ECG tracings were sent electronically to the
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University of Glasgow Central Electrocardiography Laboratory, where
they were analyzed and processed by the University of Glasgow software
and coding by the Minnesota code (MC) [23]. The electrocardiographic
global measurements were automatically calculated. The QT interval
was corrected by the formula of Hodges, Bazett, Fridericia and Fra-
mingham, and the normal limits were previously published [24].

The Minnesota coding system was used to classify ECG tracings as
having a major, minor or absence of abnormalities [23].

Abnormal ECGs were manually reviewed by two cardiologists to
guarantee the quality of the coding.

4.1. Statistical analysis

Data was analysed considering gender stratification. Continuous
variables were expressed as mean + SD and categorical variables were
expressed as number and proportions. Between-group differences were
evaluated by the independent Student ¢ test, test for difference between
two independent population proportions or the y2 analysis as appro-
priate. Bonferroni adjustments was used for multiple testing. Multivar-
iate logistic regression analysis was performed to estimate the
association between any minor or major electrocardiographic abnor-
mality with age and sum of cardiovascular risk factors by sex. The
adjusted odds ratios (ORs) were presented with 95% confidence interval
(CIs). It was considered a significance level of 5%. Statistical analysis
was conducted in IBM SPSS® (Statistical Package for the Social Sci-
ences) version 26 and in R (version 4.0.5) software.

5. Results

Characteristics of the participants with valid electrocardiogram at
baseline values of the 2 379 participants (880 males and 1499 females)
and stratified by gender is showed in Supplementary Table 1A. Average
(+SD) of the age was 35.0 + 14.5 years old and 63% of the sample were
female.

In Table 1 it is presented the prevalence of electrocardiographic
abnormalities according to gender. The minor ECG abnormalities at
baseline were found on 22.3% of the individuals (30.9% male, 17.3%
female) and major ECG abnormalities were found on 4.58% of the in-
dividuals (3.2% male, 5.4% female). The most common minor ECG
abnormalities were abnormal T wave inversion (n = 167; 7.03%). The
second more frequent minor abnormality was minor isolated ST ab-
normalities (n = 101; 4.2%), followed by premature beats (n = 78,
3.27%). The most common major ECG abnormalities were LVH with
major ST-T abnormalities (n = 55; 2.31%). It was followed by ventric-
ular conduction defect (n = 21; 0.88%) and major Q-wave abnormalities
(old myocardial infarction) (n = 17; 0.71%). The prevalence of elec-
trocardiographic abnormalities according to gender is showed in detail
in Supplementary Table 1B.

The relationship between cardiovascular risk factors and ECG ab-
normalities is presented in Table 2. There was a significant association
between minor and major abnormalities and individuals with hyper-
tension, diabetes, hypercholesterolemia, obesity, alcohol and tobacco
users.

In Fig. 1 it was showed the prevalence of minor (A) and major (B)
electrocardiographic abnormalities distribution stratified by gender and
age group. It is observed that the prevalence of minor abnormalities
increases with advancing age in both sexes (female 4% and male 2%)
and all minor electrocardiographic abnormalities were more prevalent
in the elderly. Regarding major abnormalities, there was found an in-
crease as age advances in women (5%) and an increase up to 59 years in
men (6%), noting a slight decrease in men over 60 years (1.5%).

In Fig. 2 it is showed the relation between sum of cardiovascular risk
factors and the prevalence of minor (A) and major (B) electrocardio-
graphic abnormalities stratified by gender. It is observed that in the
percentage of minor and major ECG abnormalities was higher in in-
dividuals who presented only 1 risk factor (45% and 36%), while in
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Table 1
Prevalence of minor and major electrocardiographic abnormalities stratified by
gender.

No. (%) of Participants

Minnesota Code abnormalities = Male Females P All
(n= (n=
880) 1499)
Minor abnormalities 272 259 <0.001 531
(30.9) 17.3) (22.3)
Sinus bradycardia 22 (2.5) 2(0.13) <0.001 24
(1.01)
First degree AV block 10 (1.14) 7 (0.47) 0.061 17
0.72)
Incomplete IV blocks 8(0.91) 8(0.53) 0.280 16
(0.67)
Ectopic atrial rhythm 10(1.14) 13(0.87) 0.515 23
0.97)
High T-wave amplitude 7 (0.8) 22 (1.47) 0.149 29
(1.22)
Low QRS voltage in limbs leads 3(0.34) 14 (0.93) 0.096 17
(0.72)
Right atrial enlargement 3 (0.34) 4 (0.27) 0.748 7 (0.29)
Poor R progression 1(0.11) 0 (0.0) 0.190 1 (0.04)
Minor isolated Q,QS waves 2(0.23) 4(0.27) 0.849 6(0.25)
Minor isolated ST abnormalities 44 (5.0) 57 (3.8) 0.161 101
(4.25)
Abnormal T wave inversion 28 (3.18) 139(9.27) <0.001 167
(7.01)
Wandering pacemaker 1(0.11) 0 (0.0) 0.190 1 (0.04)
Left axis deviation 11 (1.25) 13(0.87) 0.368 24
(1.01)
Minor QT abnormalities 4 (0.45) 7 (0.47) 0.968 11
(0.46)
Premature beats 26 (2.95) 52 (3.46) 0.497 78
(3.27)
Major abnormalities N =28 N=281 0.012 109
3.2) 5.4 (4.6)
AV conduction defect 1(0.11) 1 (0.07) 0.704 2 (0.08)
Ventricular conduction defect 5 (0.56) 16 (1.06) 0.208 21
(0.88)
Left ventricular hypertrophy 12 (1.36) 43 (2.87) 0.018 55
with major ST-T abnormalities (2.31)
Right Ventricular Hypertrophy 1(0.11) 3(0.2) 0.617 4(0.17)
Major Q-wave abnormalities (old 7 (0.8) 10 (0.67) 0.718 17
MID) 0.72)
Major isolated ST-T 6 (0.68) 2(0.13) 0.025  8(0.34)
abnormalities
Major QT prolongation index 2(0.23) 0 (0.0) 0.064 2 (0.08)
(QT index > 116%)
Arrhythmias 2(0.23) 2(0.13) 0.590  4(0.16)

p-values were obtained by the test for the difference between two independent
population proportions.

women this percentage was higher in the group with 3 or more risk
factors (37% and 36%).

The Supplementary Fig. 1 gives information about odds ratio (OR)
for the presence of any minor (A) and major (B) electrocardiographic
abnormality in men and women stratified by age and cardiovascular risk
factors. It is observed that the odds of having any minor and major ECG
abnormalities increased with all age groups (30-44, 45-59 and 60 or
greater) in both men and women compared to the reference group
“15-29” years. The OR for women with three or more risk factors for
having minor ECG abnormalities was 1.1 (95% CI 0.7 to 1.4) compared
to the reference group “1 cardiovascular risk factor” and it was 0.7 for
men (95% CI 0.4 to 1.1). The reveals the OR for women with three or
more risk factors for having major ECG abnormalities was 10.5 (95% CI
2.6 to 18) compared to the reference group “1 cardiovascular risk factor”
and it was 4.1 for men (95% CI 0.9 to 7.4). The OR for women with
Hypertension for having major ECG abnormalities was 5.5 (95% CI 4.6
to 10.5) and it was 5.3 for men (95% CI 1.1 to 10.3).

The OR for women with three or more risk factors for having minor
ECG abnormalities was 1.1 (95% CI 0.7 to 1.4) compared to the
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reference group “1 cardiovascular risk factor” and it was 0.7 for men
(95% CI 0.4 to 1.1). The OR for women with three or more risk factors
for having major ECG abnormalities was 10.5 (95% CI 2.6 to 18)
compared to the reference group “1 cardiovascular risk factor” and it
was 4.1 for men (95% CI 0.9 to 7.4). The OR for women with Hyper-
tension for having major ECG abnormalities was 5.5 (95% CI 4.6 to 10.5)
and it was 5.3 for men (95% CI 1.1 to 10.3) (Supplementary Fig. 1).

6. Discussion

The present study showed for the first time that major electrocar-
diographic abnormalities have a prevalence of 4.58% and minor elec-
trocardiographic abnormalities a prevalence of 22.3% in Angolans from
municipality of Dande, Bengo province.

In this study, minor abnormalities were more prevalent in men
(30.9% vs 17.3%) which is in line with most existing studies [14,25].
Women had a higher prevalence of major abnormalities (3.2% vs 5.4%),
which differs from most existing studies [14-17,25].

The most common minor ECG abnormalities were abnormal T wave
inversion and were more frequent in women (3.81% vs 9.27%, p <
0.001). The second most frequent minor alterations were isolated ST
abnormalities and were more frequent in men (5.0% vs 3.8%, p =
0.161).

These alterations are in line of findings published in a Systematic
Review about association of traditional cardiovascular risk factors with
development of major and minor electrocardiographic abnormalities,
which showed that the most frequent minor abnormalities in blacks
were isolated minor nonspecific ST-segment and T-wave abnormalities
(NSSTTA) [26]. In same line, a study carried out in Cameroon showed
that T-wave abnormalities were the more frequent minor abnormality
found with 20.9% [27].

A Systematic Review about Clinical Significance of Minor Nonspe-
cific ST-Segment and T-Wave Abnormalities in Asymptomatic Subjects,
revealed that for any or isolated minor NSSTTA, the prevalence seems to
be greater in women than men, what is in line with our results [28]. Data
from others studies suggest that minor NSSTTA are more prevalent in
women, and they also may be associated with greater increased risk for
future CVD and coronary heart disease (CHD) events than in men
[29,30]. Ashley et al. (2000) admit that the reason for the increased
prevalence of NSSTTA in middle-aged and older women may be the
effect of losing the protective effect of estrogen, which acts as a vaso-
dilator and antioxidant, and appears to influence cardiac natriuretic
peptides by through the renin-angiotensin system [31,32].

Several studies have examined the risk associated with isolated
NSSTTA and the subsequent incidence of mortality from CHD and CVD
in asymptomatic white people and found that smaller isolated NSSTTAs
are significantly associated with mortality from CHD and CVD, regard-
less of traditional risk factors, but there are scarce data about the risk for
incident CVD associated with minor NSSTTA in blacks compared with
whites [28,33].

The third most frequent minor alteration was premature beats (atrial
premature beats, 2.02% and ventricular premature beats, 1.26%) and
were more frequent in women, but with no statistically significant dif-
ference (2.95% vs 3.27%, p = 0.497). These data are in line with a Dutch
study that revealed similar data [34] e differ from the results of other
studies [10,13,17].

In general, the high prevalence of premature beats is directly related
to increasing age due to the increase in cardiovascular diseases in this
population [35].

In what concerns major ECG abnormalities, the most frequent, both
in men and women, were left ventricular hypertrophy with major ST-T
abnormalities and were more frequent in women (1.36% vs 2.86%, p
= 0.018). A Cameroonian study showed that, LVH was the more
frequent major abnormality found with 16.2% [27]. Study performed in
Brazil, revealed that major abnormalities were more prevalent in black
men, mainly due to isolated ST-T abnormalities and LVH with major ST-



M.A.A. Gongalves et al.

1JC Heart & Vasculature 39 (2022) 100965

Table 2
Association analysis between cardiovascular (CDV) risk factors and ECG abnormalities.
Characteristics Normal ECG Minor ECG abnormalities Major ECG abnormalities All p*
n=1739 n =531 n =109 n=2379
Hypertension
Yes 289 (16.6) 94 (17,8) 72 (66,1) 455 (19.1)
No 1450 (83.4) 434 (82,2) 37 (33.9) 1921 (80.9) <0.001
Diabetes mellitus
Yes 164 (9.5) 49 (9.3) 19 (17.4) 232 (9.8)
No 1571 (99.5) 480 (90.7) 90 (82.6) 2141 (90.2) 0.022
Obesity
Yes 452 (26.0) 149 (28.1) 34 (31.2) 635 (26.7)
No 1288 (74.0) 381 (71.1) 75 (68.8) 1744 (73.3) <0.001
Hypercholesterolemia
Yes 268 (20.0) 92 (22.7) 30 (32.3) 390 (21.2)
No 1075 (80.0) 314 (77.3) 63 (67.7) 1452 (78.8) 0.014
Smoking
Yes 97 (5.6) 31 (5.9) 18 (16.7) 146 (6.2)
No 1639 (94.4) 491 (94.1) 90 (83.3) 2220 (93.8) <0.001
Alcohol Consumption
Yes 635 (36.6) 165 (31.3) 49 (45.0) 849 (35.8)
No 1100 (63.4) 362 (68.7) 60 (55.0) 1522 (64.2) 0.011
Physical activity”
Yes 1649 (99.4) 495 (99.4) 89 (98.9) 2233 (99.4)
No 19 (0.6) 3(0.6) 1(1.1) 20 (0.6) 0.835
# physically active vs sedentary: *p-values obtained using Qui-Square test
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T abnormalities [15]. Healy et al. (2016), reveals that LVH was the triple
in black men, which does not agree with the results of this study, in
which LVH was twice as high in women [26].

Higher QRS voltage is more frequently observed in healthy black
adults and the ignorance of these patterns can lead to incorrect di-
agnoses or therapeutic neglect [36,37].

The second more frequent major ECG abnormalities was ventricular
conduction defect (complete or intermittent intraventricular blocks) and
were more frequent in women, but with no statistically significant dif-
ference (0.56% vs 1.06%; p = 0.208). A study carried out in Latinos and
Polish found similar findings [17,38], while studies in South Africans,
middle-aged Africans, French and Americans found different results
[10,13,18,39]. The ventricular conduction defect in this sample can be
explained by the higher proportion of individuals with hypertension as
this condition is known to be harmful for the ventricular conduction
system [3,4,40,41].

The third most common abnormality of our study was major Q-wave
abnormalities (old MI present), and our study showed that the major Q-
wave abnormalities were higher in men, but with no statistically sig-
nificant difference (0.8% vs 0.67%, p = 0.718). A study conducted in
urban South Africans showed that the “ischemic” changes were more
prominent in men than in women [13]. Other cohorts showed different
results. Zerkiebel et al. (2000) reported in a Middle-aged African Pop-
ulation in the Seychelles Islands a prevalence of “old MI present* of 3.8%
in men [95% CI 2% to 6.4%] and 0% in women [one-sided 95% CI 0% to
0.8%] [10]. Pinto-Filho et al. (2017) revealed in a study in Brazil a
prevalence of major Q waves of 3.3% in men and 1.3% in women [15].

In the present study, the hypertensive individuals had 17.8 and
66.1% of minor and major ECG abnormalities, respectively. Several
studies have shown that hypertension is the risk factor most associated
with electrocardiographic abnormalities, mainly the changes in the
NSSTTA [3,4,29,40,41] and LVH with major ST-T in Africans [9], which
is in agreement with the main changes found in this study.

Of the 9.8% of diabetics identified in the study, 9.3% had minor
abnormalities and 17.4% had major abnormalities. Study carried out in
Brazil have shown 6.6% of minor ECG abnormalities and 25% of major
ECG abnormalities in diabetics [16]. The prevalence of ECG abnormal-
ities in this study, specially T-wave abnormalities, are comparable to the
estimates reported from Africans diabetics living in Africa [27,42,43]
and Chinese adults [41].

It was found that in this study 8.1% of obese individuals had elec-
trocardiographic abnormalities. Liao et al. revealed that a high BMI was
associated with a high prevalence of minor and major ECG abnormal-
ities [40].

In this research, there was an association between hypercholester-
olemia and electrocardiographic abnormalities, an association estab-
lished in several studies in several countries [3,4,16,40,44].

Smokers had 5.9% minor ECG abnormalities and 16.7% had major
ECG abnormalities and showed a positive association with the presence
of electrocardiographic abnormalities. Results of other research have
also found an association between smoking and electrocardiographic
abnormalities [4,40,45]. Study conducted in the US revealed that
smokers had more major ECG abnormalities, especially major Q waves,
than has been observed in the general population [46]. Another research
has revealed that individuals who consume more than 25 cigarettes a
day have an increased risk of acute myocardial infarction compared to
those who never smoke [47].

In this study, the alcohol consumers had 31.3% of minor abnor-
malities and 45.0% had major abnormalities. There was an association
between alcohol consumption and electrocardiographic changes, which
is in line with a study that reported this association [16]. While several
studies have not shown this association [3,4,48]. These conflicting re-
sults can be explained by the difficulty in assessing alcohol consumption
between different surveys. In this study, the WHO Manual STEPS was
used [22].

Regarding physical activity, there was no association between
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physically active individuals and electrocardiographic abnormalities.
Similar result to other studies, which did not find this association [16].

About cardiovascular risk factors and their association with the
major electrocardiographic abnormalities, several studies have shown
that the prevalence of abnormalities on the ECG was very higher in those
with traditional cardiovascular risk factors [14,16,17,26].

Auer et al. (2012), in their study on Association of major and minor
ECG abnormalities with coronary heart disease events, revealed that the
presence of major or minor ECG abnormalities at baseline was associ-
ated with CHD risk during follow-up, independent of traditional car-
diovascular risk factors, and the findings of the study suggest that the
presence of ECG abnormalities, should be given consideration as they
may indicate an adverse underlying cardiovascular risk profile and the
prevalence of major and minor ECG abnormalities increases substan-
tially with age [3].

Previous studies have reported a higher prevalence of classical risk
factors in subjects with minor NSSTTA [29]. However, it is unclear
whether the development of prognostically significant ECG abnormal-
ities is solely attributable to aging or heritable factors or whether
modifiable traditional risk factors are associated with their development
prospectively. If the latter is true, then it is possible that earlier inter-
vention on modifiable risk factors could prevent the development of
major and minor ECG abnormalities, and thus the risk that they repre-
sent [28].

In this study, the OR of having minor ECG abnormalities, signifi-
cantly increased with age in both men and women, and presence of three
or more cardiovascular risk factors was significant only in women.
Regarding the odds ratio of having major ECG abnormalities, in both
men and women, significantly increased with age and the presence of 3
or more cardiovascular risk factors, which is in line with several studies
that found similar results [14,15].

There are a number of implications arising from our findings. First,
some of the observed ST-segment and T-wave abnormalities could be
variations presumably benign, but also may resemble those of malignant
disease, as previously described in African origin individuals [36,37,49].

The main major abnormalities found, LVH with major ST-T abnor-
malities, although it may be a presumably benign pattern in blacks, is
considered an established marker for coronary heart disease and was
associated with increased risk of cardiovascular-related mortality [50],
as well as the prevalence of the Ventricular conduction abnormalities
and main Q wave, which can translate into a prevalent myocardial
infarction, are findings of this study that should make us to reflect and
deepen our knowledge and research on its impact on the risk of car-
diovascular morbidity and mortality in the Angolan population.

It is important to highlight a limitation of this dataset, the cross-
sectional study design, as the causal relationship cannot be estab-
lished. Also, the low representativeness of individuals over 64 years of
age. Another limitation is the fact that the ECGs were obtained only once
at the beginning of the study, ECG criteria can be dynamic and could be
more significant if several ECGs were obtained at different time points.
However, this study has other strengths: i) it is one of the first
population-based study conducted in Angola, with a representative
sample randomly selected; ii) is the largest study to date, to identify ECG
abnormalities in an indigenous population of sub-Saharan Africa; iii)
ECG collection, recording and measurement were standardized, and the
exams were performed by a single trained technician.

7. Conclusions

This is a pioneering study in Angola and the largest study to date on
ECG abnormalities in black individuals residing in Africa.

In this study, several had minor electrocardiographic abnormalities,
and contrary to other studies, minor abnormalities were more prevalent
in men and major abnormalities in women.

The most common minor ECG abnormalities were abnormal T wave
inversion and minor isolated ST abnormalities. The most common major
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ECG abnormalities were LVH with major ST-T abnormalities and major
Q-wave abnormalities.

There was a significant association between minor and major ab-
normalities and individuals with hypertension, diabetes, hypercholes-
terolemia, obesity, alcohol and smokers.

Most of these electrocardiographic abnormalities, namely forms of T-
wave and/or ST changes and LVH with major ST-T abnormalities, which
are more prevalent in healthy black adults populations, can be pre-
sumably benign, and their knowledge can avoid certain diagnostic in-
terventions or in making unnecessary therapeutic decisions.
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