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ABSTRACT

Background and Aims: In the current study, we aimed to identify the association between major and minor electrocardio-
graphic abnormalities and cardiovascular risk factors.

Methods: We used the Tehran cohort study baseline data, an ongoing multidisciplinary, longitudinal study designed to identify
cardiovascular disease risk factors in the adult population of Tehran. The electrocardiograms (ECGs) of 7630 Iranian adults
aged 35 years and above were analyzed. ECG abnormalities were categorized into major or minor groups based on their clinical
importance. Results were obtained by multivariable logistic regression and are expressed as odds ratios (ORs).

Results: A total of 756 (9.9%) participants had major ECG abnormalities, while minor abnormalities were detected in 2526
(33.1%). Males comprised 45.8% of the total population, and 41.8% of them had minor abnormalities. Individuals with older age,
diabetes (OR = 1.35; 95% CI: 1.11-1.64), and hypertension (OR = 2.21; 95% CI: 1.82-2.68) had an increased risk of major ECG
abnormalities. In contrast, intermediate (OR = 0.69; 95% CI: 0.57-0.84) and high physical activity levels (OR = 0.66; 95% CI:
0.51-0.86) were associated with a lower prevalence of major abnormalities. Male sex, older age, hypertension, and current
smoking were also associated with an increased prevalence of ECG abnormalities combined (major or minor).

Conclusion: Major and minor ECG abnormalities are linked with important cardiovascular risk factors such as diabetes and
hypertension. Since these abnormalities have been associated with poor outcomes, screening patients with cardiovascular risk
factors with an ECG may distinguish high-risk individuals who require appropriate care and follow-up.

1 | Introduction disability-adjusted life years (DALY) [1]. Major and minor

electrocardiographic (ECG) abnormalities have been identified
Cardiovascular diseases (CVDs) and coronary heart disease to be important predictors of CHD, cardiovascular mortality,
(CHD), in particular, are the primary contributors to increased stroke, and sudden cardiac death [2-6]. ECG abnormalities
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have been associated with an increased risk of CHD even after
adjustment for other risk factors [2, 7, 8]. Due to worldwide
availability, cheap cost, and ease of use, baseline ECG mea-
surement can help identify high-risk patients, especially those
without symptoms [2-6]. For instance, in a nationwide Japa-
nese study with a median follow-up period of 5.5 years,
abnormalities in the baseline ECG were found to be associated
with overall mortality and hospital admissions because of CVD
in the general population [9]. The diagnostic utility of ECG
abnormalities for certain emerging CVDs has also been re-
ported. Harms et al. [10] claimed that some ECG abnormalities
in patients with type 2 diabetes without any pre-existing CVD,
could be associated with an emerging heart failure, while other
abnormalities could precede CHD.

Minor and major ECG abnormalities have also been associ-
ated with modifiable and non-modifiable CVD risk factors
[11-13]; however, the literature surrounding the topic is
scarce. Previous studies have demonstrated associations
between modifiable risk factors such as high blood pressure
and diabetes and major ECG abnormalities [11-13]. For
instance, one study has shown that patients with uncontrolled
or treatment-resistant hypertension have a higher prevalence
of major ECG abnormalities compared to normotensive peo-
ple (prevalence ratio [PR] of 1.37 and 1.42, respectively). In
the non-modifiable CVD risk factors group, age has been the
most prominent risk factor associated with major ECG
abnormalities, but other risk factors such as male sex and
black race may also increase the risk of ECG abnormalities
[13-17]. Some CVD risk factors, such as older age, heart
failure, or beta-blocker use, have even been demonstrated to
be predictors for a diagnostic Holter ECG monitoring [18].

Most studies on the association between ECG abnormalities
and CVD risk factors have been conducted outside Middle
Eastern countries. Since ethnic origin has been shown to
affect ECG abnormalities [19-21], exploring these associa-
tions in different ethnicities is crucial. As a result, in the
current study, we aimed to investigate the association
between minor and major ECG abnormalities and CVD risk
factors in the adult population of Tehran, the largest city in
Iran. We used the data from the Tehran cohort study (TeCS),
an ongoing cohort of Tehran's adult population specifically
focused on CVDs and their risk factors.

2 | Methods

2.1 | Study Design and Participants

TeCS is a multidisciplinary, prospective, longitudinal cohort
that started in 2016. A detailed version of the study methodol-
ogy has been previously published [22, 23]. This was a cross-
sectional analysis of the recruitment phase of TeCS. The TeCS
cohort was approved by the Tehran University of Medical Sci-
ences ethical committee (Approval code: IR TUMS.MEDICI-
NE.REC.1399.074). In brief, 9548 households were randomly
contacted from all regions of Tehran city by telephone number.
A total of 4215 households agreed to enroll, from which 8296
individuals > 35 years of age participated for cardiovascular and

mental evaluation. The recruitment period of this study was
from March 1, 2016, to March 1, 2019. All the participants
provided written informed consent. For the current study, we
excluded 666 participants with disqualified ECGs due to miss-
ing data, artifacts in the ECG, or lead reversals.

In a prior report, we provided the age and gender differences in
individual ECG abnormalities from TeCS [24]. Major and minor
abnormalities were more prevalent in males and older subjects;
however, the categorization of abnormalities into major or
minor groups differed from the current study. In addition, we
showed that certain ECG parameters, such as P-wave, QRS, and
RR interval durations, were different between males and
females. In the current analysis, we focused on the association
of ECG abnormalities with CVD risk factors.

2.2 | Data Collection and ECG Measurements

A 12-lead ECG was obtained from the participants by a
12-channel M-TRACE ECG device (M4Medical, Lublin,
Poland). Two expert cardiologists reviewed the saved electronic
ECG documents on the TeCS server to investigate the ECG
abnormalities for the current study. When the evaluations were
inconsistent, they were reassessed by the third cardiologist.

Demographic and baseline characteristics of the participants
were obtained from the TeCS database. Metabolic syndrome
was defined based on the ATP iii criteria [25]. When the par-
ticipant had three of the five following risk factors: elevated
triglyceride, blood pressure, blood glucose, reduced high-
density lipoprotein, or high waist circumference, he was iden-
tified as having metabolic syndrome. Framingham risk score
(FRS) was calculated based on the previous methodology, and
participants were categorized into low (FRS <10%), interme-
diate (10%-19%), and high (>20%) risk groups [26]. Conven-
tional CVD risk factors (hypertension, diabetes, hyperlipidemia,
smoking, CHD family history) were also grouped as a variable
named CVD risk factor number to assess the prevalence of ECG
abnormalities in patients with different numbers of CVD risk
factors. Coronary artery disease (CAD) was defined self-
reported, as previous coronary artery bypass surgery, per-
cutaneous coronary intervention, myocardial infarction, or
positive angiography report. Common medications with a
potential impact on ECG parameters, including beta-blockers,
digoxin, and amiodaron use were also collected.

2.3 | Definitions of the ECG Abnormalities

ECG interpretations were made according to the American
Heart Association (AHA) recommendations [27]. ECG param-
eters (including RR intervals, heart rate [HR], QRS duration,
and P-wave duration) were assessed for each ECG document.
Based on clinical significance, abnormal ECGs were classified
into minor and major abnormality groups. Each ECG was
evaluated for rhythm, axis, ST-T abnormalities, and conduction
problems. T wave abnormalities were grouped into ischemic T
wave and other T wave inversions (secondary, strain, and
nonspecific inversions). The major abnormality group included
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the ischemic T wave abnormalities (ST coving, biphasic T wave,
symmetric T wave inversion, and giant T wave inversion).
Furthermore, due to frequent nonspecific T wave inversions
in AVR, V1, and III leads in healthy people, the ECG was
considered with a minor or major abnormality if an inverted
T wave was observed in 4 or > 5 leads, respectively.

Patients with Q wave in 3 or >4 leads were included in the
minor or major ECG abnormality group, respectively. Since the
Q wave can be considered a normal variant in III and V1 leads,
we decided to categorize the Q waves like this. Similarly, we
included patients with ST depression in 2 or >3 leads in the
minor or major ECG abnormality group, respectively. The ECG
of the participants was evaluated in terms of the corrected QT
interval (QTc) with the Bazzet formula. Patients with a QTc
between 450 and 480 ms in women or 440 and 470 ms in men
were included in the minor abnormalities group. In compari-
son, individuals with a QTc longer than 480 ms in women or
470 ms in men were incorporated into the major abnormalities

group.

Patients were also included in the major ECG abnormality
group under the category name (non-sinus rhythm) if they had
atrial fibrillation, atrial flutter, junctional rhythm, or pacemaker
rhythm. Additionally, patients with complete heart block, high-
degree atrioventricular block (AVB), left bundle branch block
(LBBB), right bundle branch block (RBBB), or intraventricular
conduction delay were included in the major abnormality
group. On the other hand, minor abnormalities included pre-
mature atrial contraction, premature ventricular contraction,
incomplete RBBB, incomplete LBBB, abnormal QRS axis, first-
degree AVB, and Sinus bradycardia (HR < 60), left atrial en-
largement, wandering pacemaker, or atrial rhythm. The com-
plete categorization of the ECG abnormalities into major or
minor groups is shown in Table 1. Patients with major and
minor ECG abnormalities were only included in the major
abnormalities group.

2.4 | Statistical Analysis

We reported normally distributed continuous variables as
mean (standard deviation) and non-normal variables as median
(interquartile range). Normality was assessed using central
tendency measures as well as histogram charts. Normally dis-
tributed continuous variables were analyzed using a one-way
analysis of variance, followed by Dunnett's pairwise comparison
between minor and major categories and the normal group. For
skewed variables such as triglyceride and fasting blood sugar,
the Kruskal-Wallis test was employed, followed by multiple
median comparisons. Categorical variables were compared
using chi-square tests to assess differences between the minor,
major, and normal groups. Fisher's exact test was applied spe-
cifically for the Amiodarone variable. Clinically important de-
terminants of ECG abnormalities were entered in multivariable
logistic regression analysis to adjust for possible confounders.
All statistical tests were two-sided with a priori significancy
level of 0.05. Odds ratios (ORs) and their respective 95% con-
fidence intervals (CIs) were then reported. We carried out the
analysis with the IBM SPSS Statistics for Windows, version 23
(Armonk, NY: IBM Corp.).

TABLE1 |
abnormalities in the study population.

Prevalence of major and minor electrocardiographic

Number of
participants (%)

Major abnormalities

Major long QTc 50 (0.70%)
Non-sinus rhythm 50 (0.66%)
High degree AVB 2 (0.03%)
Complete heart block 1 (0.01%)
IVCD 18 (0.24%)

T wave abnormalities
Ischemic T wave 309 (4.05%)

Major T wave inversion 301 (3.94%)

RBBB 101 (1.32%)
LBBB 73 (0.96%)
Major Q wave 32 (0.42%)

Major ST depression 199 (2.61%)
Minor abnormalities
First-degree AVB
Poor R wave progression

LAE

70 (0.92%)
505 (6.62%)
360 (4.72%)

Incomplete LBBB 1 (0.01%)
Incomplete RBBB 218 (2.86%)
Wandering pacemaker 1 (0.01%)
PVC 95 (1.25%)
PAC 67 (0.88%)

299 (3.92%)
231 (3.03%)
109 (1.43%)
500 (6.97%)
24 (0.31%)
1145 (16.11%)
464 (6.08%)

Minor T wave inversion
Minor ST depression
Minor Q wave

Minor long QT

Atrial rhythm

Sinus bradycardia

Abnormal QRS axis

Note: Non-sinus rhythm—atrial fibrillation, atrial flutter, junctional rhythm, or
pacemaker rhythm; Ischemic T wave—ST coving, biphasic T wave, symmetric
T wave inversion, giant T wave inversion; Major Q wave—Q wave > 4 leads;
Minor Q wave—Q wave in 3 leads; Major T wave inversion > 5 leads; Minor
T wave inversion—T wave inversion in 4 leads; Major ST depression—ST
depression > 3 leads; Minor ST depression—ST depression in 2 lead.
Abbreviations: AVB, atrioventricular block; IVCD, intraventricular conduction
delay; LAE, left atrial enlargement; LBBB, left bundle branch block; PAC,
premature atrial complex; PVC, premature ventricular complex; QTc,
corrected QT interval; RBBB, right bundle branch block.

3 | Results

A total of 7630 patients were included in the final analyses, of
whom 756 and 2526 had major and minor ECG abnormalities,
respectively. The average age of the study participants was
53.59 + 12.66, with females accounting for 4132 (54.15%) of the
population. The most prevalent major abnormalities in our
study group were ischemic T wave, major T wave inversion, and
major ST depression observed in 4.05%, 3.94%, and 2.61% of
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participants, respectively. Similarly, sinus bradycardia was the
most prevalent minor abnormality detected in 16.11% of parti-
cipants, followed by poor R wave progression (6.62%), minor
long QT interval (6.97%), and abnormal QRS axis (6.08%) being
the next prevalent abnormalities (Table 1).

Table 2 demonstrates the prevalence of cardiovascular risk
factors and comorbidities in the study population based on the
presence of abnormalities in their ECG. Participants in the major
ECG abnormality group were older than those in the normal and
minor abnormality ECG groups. Men comprised 1704 (39.19%),
1462 (57.88%), and 332 (43.92%) of the normal, minor, and
major ECG groups, respectively. The prevalence of hyper-
tension, diabetes mellitus (DM), hyperlipidemia, and metabolic
syndrome was highest in participants with major ECG abnor-
malities. High FRS was also more common among individuals
with major ECG abnormalities 309 (43.28%) compared with
minor and normal ECG groups (23.04% and 13.38%, respec-
tively). In addition, a considerably higher number of patients
in the major ECG abnormality group had 2 or >2 CVD risk
factors compared to the normal and minor abnormality group
(Table 2).

Logistic analysis showed that higher age groups, DM (OR =1.27;
95% CIL 1.04-1.55) and hypertension (OR=1.84; 95% CI:
1.50-2.27), history of CAD (OR =2.62; 95% CI: 2.04-3.35), and
digoxin use (OR =9.71; 95% CI: 4.76-19.80) were associated with
an increased prevalence of major ECG abnormalities. Interme-
diate (OR=0.73; 95% CI: 0.59-0.89) and high physical activity
levels (OR = 0.73; 95% CI: 0.56-0.94) were associated with a lower
prevalence of major abnormalities (Table 3). Male sex, older age,
hypertension, current smoking, history of CAD, beta-blocker use,
and digoxin use were associated with a higher prevalence of ECG
abnormalities combined (Table 4).

4 | Discussion

Identifying individuals at risk of major ECG abnormalities is
relevant as these abnormalities predict mortality risk in various
patient settings [28-31]. In the present study, we investigated
the association between ECG abnormalities and CVD risk fac-
tors using data from the TeCS cohort, a random sample of
Tehran's population. Our study demonstrated a higher preva-
lence of ECG abnormalities in individuals with cardiovascular
risk factors, including older age, hypertension, DM, dyslipide-
mia, metabolic syndrome, current smoking, and low physical
activity, than in individuals without these risk factors. In
addition, we demonstrated that the prevalence of ECG abnor-
malities was higher in individuals with more CVD risk factors
or higher FRS than in those without. Figure 1 summarizes the
design and main results of the study.

After adjustment for possible confounders, male sex, older age,
hypertension, history of CAD, beta-blocker use, digoxin use, and
low physical activity were associated with major and minor ECG
abnormalities combined. For major abnormalities alone, older
age, diabetes, hypertension, and low physical activity were iden-
tified as predictors. As expected, major and minor abnormalities
groups had a lower prevalence of females than the normal ECG
group (56% and 42% vs. 61%, respectively) [32].

The prevalence of major ECG abnormalities was almost two
times higher in hypertensive patients than in normotensives
(OR =1.84; 95% CI: 1.50-2.27). This finding was in line with the
results of the previous studies [2, 5, 11, 33, 34]. Yu et al. [33]
showed that major and minor arrhythmias were 1.29 times more
prevalent in hypertensive individuals than in the normotensive
population. Furthermore, this study demonstrated that hyper-
tension was associated with other ECG abnormalities such as ST
depression and T abnormalities, Q wave abnormalities, and tall R
wave [33]. Other studies have proposed that hypertension may be
the modifiable CVD risk factor most associated with ECG
abnormalities, particularly nonspecific ST segment and T wave
abnormalities [2, 5, 35]. The findings by Bhatt et al. [11] suggested
that the prevalence of ECG abnormalities was associated with
hypertension severity and blood pressure control. While the
prevalence of major ECG abnormalities was not different between
prehypertension and normotension groups, the prevalence in
controlled and uncontrolled hypertension groups was higher
(PR=1.62 and 1.64, respectively) than in normotensive in-
dividuals [11]. In the apparent treatment-resistant hypertension
group, this figure rose to 2.12 [11].

It has been suggested that uncontrolled hypertension can lead
to increased left atrial stretch, size, and left ventricular hyper-
trophy, resulting in electrical and structural remodeling of
myocardiocytes [36, 37]. The remodeling can then cause a
variety of arrhythmias, such as atrial fibrillation or other
supraventricular and ventricular arrhythmias [36]. Our study's
major ECG abnormalities group included both arrhythmic and
ischemic ECG indicators, and these abnormalities were strongly
associated with hypertension independent of other risk factors.

Individuals with diabetes had higher odds of major ECG
abnormalities than non-diabetics, with an OR of 1.27. Studies
have demonstrated that minor and major ECG abnormalities
are prevalent in diabetic patients. In the Hoorn Diabetes Care
System cohort, 16.0% and 13.1% of diabetic patients had minor
and major ECG abnormalities, respectively [38]. A study on
Angolan people identified the prevalence of minor and major
ECG abnormalities in the diabetic subpopulation at 9.3% and
17.4% [35]. Other studies on diabetic patients have estimated
the prevalence of minor and major abnormalities ranging from
12.5% to 37.0% and from 7.5% to 23%, respectively [39-41]. In
the current study, the prevalence of minor abnormalities in
diabetic patients was 31.3%, while the figure for major abnor-
malities was 18.2%. The disparities in the reported numbers can
be attributed to the various categorizations of major and minor
ECG abnormalities in different studies. Although the role of
diabetes in ischemic heart disease is well-known, its effects on
the electrophysiologic characteristics of the heart are less
understood [42]. It has been suggested that increased glucose
levels can cause structural remodeling and mitochondrial dys-
function, resulting in slowed conduction velocity in diabetic
patients [42]. This might also explain the variation in the
prevalence of ECG abnormalities, as the level of glycemic
control might differ among the studies.

Besides diabetes and hypertension, low physical activity was
associated with major ECG abnormalities. The intermediate and
high physical activity levels were protective against major ECG
abnormalities, with ORs of 0.73 and 0.73, respectively. Few
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TABLE 4 | Multivariable logistic regression analysis of clinically
important variables on ECG abnormalities (major or minor).

95%
Confidence
0Odds ratio interval p-value

Gender 1.82 1.63-2.02 <0.001

(male)

Age 35-44 Reference <0.001
45-54 1.35 1.18-1.54 <0.001
55-64 1.74 1.51-2.01 < 0.001
>65 2.87 2.44-3.37 <0.001

DM 0.89 0.78-1.03 0.11

HTN 1.28 1.12-1.46 <0.001

HLP 1.05 0.94-1.18 0.38

BMI under 25 Reference 0.10

Overweight 0.91 0.8-1.03 0.13

Obese 1.03 0.9-1.18 0.70

and more

Waist-to-hip 0.93 0.82-1.05 0.26

ratio

Current 1.20 1.03-14 0.02

smoker

Low PA Reference 0.01

Intermediate 0.86 0.75-0.99 0.03

PA

High PA 1.00 0.86-1.18 0.96

CAD FH 1.02 0.86-1.21 0.83

CAD 1.57 1.26-1.94 <0.001

Beta- 1.27 1.09-1.48 0.002

blocker use

Amiodaron 0.87 0.28-2.71 0.81

Digoxin 6.28 2.41-16.37 < 0.001

Note: The Hosmer and Lemeshow test was performed to evaluate the logistic
regression model's goodness of fit with a chi-square value of 4.26 with 8 degrees of
freedom (p = 0.83). Bold values represent p-values < 0.05.

Abbreviations: BMI, body mass index; CAD FH, family history of coronary artery
disease; DM, diabetes mellitus; HLP, hyperlipidemia; HTN, hypertension; PA,
physical activity.

aligns with existing literature, which has consistently shown
that ECG abnormalities like ischemic T-wave inversions, ST-
segment depression, and Q waves are prevalent in CAD patients
and can also act as key predictors for future cardiac events [2,
44]. For instance, Kaolawanich et al. [45] have shown that ECG
abnormalities can be strong indicators of myocardial infarction
and major adverse cardiac events in patients with known or
suspected CAD. Our findings add to this body of knowledge by
emphasizing that a history of CAD significantly elevates the risk
of detecting major and combined ECG abnormalities in a
diverse adult population. This underscores the value of incor-
porating CAD history into ECG interpretation for better risk
stratification and patient management.

In terms of medication use, digoxin stood out as having
a strong association with major ECG abnormalities. This

finding is consistent with previous research that has identified
digoxin as a common cause of ECG changes, including down-
sloping ST-T segment abnormalities and disturbances in both
atrioventricular and intraventricular conduction, due to its
impact on myocardial repolarization and arrhythmogenesis
[46]. On the other hand, beta-blocker use was linked to a
moderate increase in ECG abnormalities when considering
both major and minor findings, although it did not reach
statistical significance for major abnormalities alone. This
was expected as beta-blockers are expected to cause sinus
bradycardia and PR-interval prolongation (both minor ECG
abnormalities) rather than any major changes. This could
reflect the role of beta-blockers in clinical practice, where they
are used for managing arrhythmias, and demonstrates that
they can also lead to ECG changes that are not necessarily
clinically significant. Amiodarone, despite its known effects
on cardiac electrophysiology, did not show a significant cor-
relation with ECG abnormalities in our analysis, potentially
due to a limited number of only 18 cases who took the drug in
our study.

Several studies have suggested that obesity is associated with
various ECG abnormalities, particularly low QRS voltage, left
ventricular hypertrophy, long QT interval, changes in P wave
morphology, and leftward axis shift of all three major ECG
waves (P, QRS, and T waves) [47]. However, recent evidence
suggests obesity alone may not be as important as initially
thought, and metabolic health plays a more significant role [48].
In the current study, obesity was not associated with a higher
prevalence of ECG abnormalities, which may be due to the
different analyzed ECG parameters. In addition, we did not
assess the impact of metabolic health on ECG abnormalities in
obese individuals.

4.1 | Limitations

The cross-sectional analysis of the current study was a major
limitation, as no temporal associations could be established
between ECG abnormalities and CVD risk factors, and reverse
causation could have played a role in some associations, for
example, with physical exercise. Second, the study population
included Tehran adult residents > 35 years old, and the results
can not be generalized to younger adults and the total Iranian
population. Third, ECG interpretation was not automated, but it
was undertaken by two expert cardiologists. Fourth, the cate-
gorization of ECG abnormalities into major or minor subgroups
was based on the clinical relevance of each abnormality and not
previously established criteria. Finally, we did not have com-
plete data on variables such as history of heart failure, other
antiarrhythmic medications, and history of ablation, which may
have affected the ECG.

5 | Conclusion

Major and minor ECG abnormalities were linked with impor-
tant cardiovascular risk factors such as DM and hypertension.
Since these abnormalities have been associated with poor out-
comes, screening patients with cardiovascular risk factors using
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