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ABSTRACT

Aims: This study assessed the electrocardiogram (ECG) variables of apparently healthy adult
Nigerians (218 years) who presented for medical screening to determine the effects of high blood
pressure (HBP) on the heart's electrical activities.

Study Design: This was a descriptive retrospective study.

Place and Duration of Study: This study was conducted at the ECG library of the Department of
Physiological Sciences, Obafemi Awolowo University, lle-Ife, over 5 weeks.
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Methodology: ECGs obtained from the participants through a standard protocol from 2013 to 2015
were selected, sorted, and stratified into two categories (A and B) based on the blood pressure
level. Group A contained 250 ECGs of individuals with high blood pressure (SBP 2130mmHg and/or
DBP =80mmHg) while Group B contained 250 ECGs of age-and-sex-matched individuals with
normal blood pressure (SBP <130mmHg and/or DBP<80mmHg). Variables extracted from each
ECG include age, gender, height, weight, blood pressure, ECG variables, and patterns.

Results: HBP did not significantly alter P wave variables except for morphology (x2=16.65,
P=.005). Across the left lateral leads, QRS voltage(mm) was significantly higher among Group A
than Group B; | (8.99 + 3.54, 7.54+3.00; t = 4.89, P < .001), aVL (5.07+ 3.97, 3.83+ 3.07; t=3.91,
P<.001), V5 (19.18+7.18,16.98+6.45; t=3.60, P <.001) and V6(16.1445.95, 14.104+5.23; t =4.07,
P<.001). The ventricular rate in bpm (77.46 £14, 70.26 + 12.48; t=5.99, P =.001) and QTc in ms
(424.56£29.24,409.16 + 22.23; t=0.56, P<.001) were significantly higher in Group A than Group B
respectively.

Conclusion: In conclusion, HBP significantly altered cardiac electrical activities and the changes
are detectable through routine ECG screening of asymptomatic adults. ECG is recommended as a

routine test for adult Nigerians with HBP.

Keywords: Blood pressure; routine; medical screening; electrocardiogram; adults; Nigeria.

1. INTRODUCTION

Persistent high blood pressure (HBP) affects
individuals of all ages globally [1]. The increasing
burden of HBP in underdeveloped countries has
led to heightened cardiovascular mortality [1,2].
This warrants early diagnosis and prevention.
Medical interventions include screening and early
detection of hypertension using blood pressure
monitoring devices [3]. An electrocardiogram
(ECG) is an important investigation for
diagnosing and monitoring HBP and its
complications. It is the graphical record of
cardiac electrical activities of the heart obtained
from the body surface. The most widely used
form of ECG is the standard 12-lead ECG, which
is typically performed during routine
medical visits. ECG recording depicts the
generation and propagation of the heart's
electrical signals made recordable by placing 4
limb and 6 chest electrodes at specific locations
on the body's surface [4]. This non-invasive
investigation is effective in detecting the risk
associated with cardiovascular disorders and the
effects of cardiovascular diseases on the heart
[4-6].

Electrocardiographic variables and
interpretations such as P-wave, QRS complex,
T-wave, PR interval, QT interval, amplitude,
duration, and cardiac rotation can be used to
trace cardiovascular abnormalities [5]. Cardiac
rotation is classified based on the location of the
transition zone in the chest leads; normal
transition (transition zone is located at V3 to V4),
early transition/counterclockwise rotation
(transition zone is located before V3), and late

transition/clockwise rotation (transition zone is
located after V4) [5,7].

2. MATERIALS AND METHODS

This was a retrospective study carried out over
five weeks at the ECG library located in the
Department of Physiological Sciences at
Obafemi Awolowo University, lle-Ife. Ethical
Clearance was obtained from the Health
Research Ethic Committee, Institute of Public
Health in the University. All studied ECGs were
recorded from apparently healthy adults
(members of staff and their relatives) who
presented for medical screening as a form of
general medical check-up or pre-employment
test. The archived ECG recordings were
collected over three years (2013 — 2015). The
previously obtained ECG data allowed for
performing a retrospective study within a brief
period. Participants’ age, gender, height, and
weight were documented. Their systolic blood
pressure (SBP) and diastolic blood pressure
(DBP) measured with a digital blood pressure
monitor (OMRON) as a precondition for
participating in the ECG procedure were
documented. The Nihon Kohden Cardiofax ECG
machine was utilized for the acquisition of the
ECG according to standard procedure. Body
Mass Index (BMI) was estimated from the
recorded weight (Kg) and height in meters (m)
using the Quetelex formula (BMI=Weight divided
by the square of height. Body surface area was
calculated from the weight and height using the
Mosteller formula (BSA = square root of the
height (cm) multiplied by the weight (kg) divided
by 3600).
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A total of 1200 ECG recordings were screened
and a sample size of 500 ECGs were selected
for the study. The inclusion criteria included the
age of 18 years. ECGs were stratified into groups
A and B, based on blood pressure. Group A
included 250 ECGs of individuals with high
blood pressure (SBP=130mmHg  and/or
DBP=80mmHg) and group B included 250 ECGs
of age-and-sex-matched adults with normal
blood pressure (SBP<130mmHg and
DBP<80mmHg). The 250 ECGs in Group A were
obtained first by screening 700 ECGs out of the
1200. Then, 250 ECGs in group B were selected
by screening all the 1200 ECGs to achieve the
age-and-sex-matched participants. Both groups
were selected via convenient sampling.

To analyze the data, the population was stratified
by age, gender, BMI, BSA, and blood pressure.
BMI was obtained through Excel using the
Quetelet formula. BSA was calculated in Excel
using the Mosteller formula. Blood pressure was
categorized as a continuous variable. From each
ECG recording, the following variables were
obtained: rhythm, ventricular heart rate, PR
interval, P-wave analysis (axis, duration, voltage,
morphology), QRS analysis (axis, voltages,
duration), T-wave axis, QT interval, and QTc. A
magnifying lens was utilized to enhance the
visual appreciation of ECG waves on the
background of the gridlines. SPSS version 4.6.1
was used to analyze the data. Descriptive
statistics utilized include frequency and mean
with standard deviation. Comparison between
grouped data was done using Chi-square while
the means of continuous data were compared
using the Student t-test. A p-value of .05 was
considered a significant statistical difference.

3. RESULTS

The mean ages of Group A and Group B were
40.84 + 14.11 years and 40.59 + 13.11 years (t =
0.194, P = .84), respectively. There was no
significant difference in the mean height of the
two groups. However, significant differences
were observed in weight (Group A: 74.19 + 13.73
kg, Group B: 69.27 + 14.40 kg, P <.001), BMI
(Group A: 25.98 + 4.84 kg/m?, Group B: 24.59 £
5.18 kg/m2, P = .002), BSA (Group A: 1.86 + 0.19
mz2, Group B: 1.79 + 0.19 m?, P < .001), SBP
(Group A: 143.04 + 15.88 mmHg, Group B:
116.82 + 8.67 mmHg, P < .001), and DBP
(Group A: 81.36 + 11.00 mmHg, Group B: 65.68
+7.67 mmHg, P <.001) (Table 1).

Table 2 shows the
anthropometric

relationship  between
parameters and selected

cardiovascular indices (BP and ventricular rate).
Height, weight, BMI, and BSA were associated
with blood pressure. Weight, BMI, and BSA were
positively correlated with systolic BP (r = 0.198, r
= 0.173, and r = 0.197, respectively; P < .001).
Height was negatively correlated with diastolic
BP (r = -0.032; P = 0.48) and ventricular rate (r =
-0.097; P = 0.03). Weight, BMI, and BSA were
positively correlated with both diastolic BP (r =
0.206, r = 0.216, and r = 0.185, respectively; P <
.001) and ventricular rate (r = 0.077, P =.087; r =
0.118, p = .008; and r = 0.042, P = .35,
respectively).

The mean P-wave duration of HBP individuals
(93.3 ms) was not statistically significantly
different from that of NBP individuals (91.6 ms).
The mean P-wave amplitude of HBP individuals
(1.58 mm) was less than that of NBP individuals
(1.63 mm); there was no significant difference.
The mean P-wave axis of HBP individuals (53.33
degrees) was less than that of NBP individuals
(52.86 degrees); there was no statistically

significant  difference (Table 3). P-wave
morphology was classified into five groups:
upright with rounded contour, peaked, bifid,

inverted, and flattened. More HBP individuals
(68.4%) had P-waves with upright and rounded
contour morphology compared to NBP
individuals (55.2%). In contrast, more NBP
individuals (32.4% and 9.6%, respectively) had
P-waves with peaked and bifid morphologies
compared to HBP individuals (26.8% and 8.4%).

Individuals with HBP had a significantly greater
QRS voltage (SV1 and RV5) compared with
individuals with NBP (P < .001 and t = 3.902)
(Fig. 1). Individuals with HBP had a higher QRS
duration (89.54 ms) compared to individuals with
NBP (87.40 ms). This difference was statistically
significant (P = .02). However, individuals with
HBP had a lower axis (38.74 degrees) than
individuals with NBP (42.34 degrees). This was
not statistically significant (P = .19) (Table 4). R-
wave amplitude varied significantly between both
groups in the left lateral leads. R1 in HBP was
8.99 mm compared to NBP at 7.54 mm. RaVL in
HBP was 5.07 mm compared to NBP at 3.83
mm. In the other limb leads (ll, lll, aVR, and
aVvF), the means of R-wave amplitude did not
show a significant statistical difference between
both groups (Table 5).

In the S-wave of the limb leads, Slll and SaVR
varied significantly between both groups. Slll in
HBP individuals was 3.43 mm compared to NBP
individuals at 2.43 mm. SaVR in HBP individuals
was 9.93 mm compared to NBP individuals at
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9.27 mm. S depth in leads |, Il, avL, and aVF
was not statistically significant (Table 6). Similar
to the R-wave in limb leads, R-wave amplitude
varied significantly between both groups in left
lateral leads I, aVL, V5, and V6. RV5 in HBP
individuals was 19.18 mm, greater than in NBP
individuals at 16.98 mm. RV6 in HBP individuals
was 16.14 mm, greater than in NBP individuals
at 14.10 mm. Fig. 3 illustrates the increase in
QRS voltage in a woman with HBP (SV1 + RV5
> 35 mm). R-wave amplitude in leads V1 to V3
was not statistically significant between both
groups (Table 7). The means of S-wave depth in
the chest leads between HBP and NBP groups
were significantly different in most leads except

for SV3 and SV6 (Table 8). As shown in Table 9,
more HBP individuals (47.6%) had normal
transitions compared to NBP individuals (26.4%).
In contrast, more NBP individuals (64.8%) had
early transition compared to HBP individuals
(48%). Therefore, individuals with HBP tended to
have a more normal transition compared to
individuals with NBP. Furthermore, individuals
with NBP tended to have more early transitions
compared to individuals with HBP. The
results showed that there was no significant
difference in PR interval and QT interval, but the
ventricular rate and QTc were significantly
higher in the HBP group than in the NBP group
(Table 10).

Table 1. Age, weight, height and blood pressure of the participants

Variable Group A (HBP) Group B (NBP) t P-value
n = 250 n = 250
Age (years) 40.84 + 14.11 40.59 + 13.10 0.194 .85
Height (m) 169.24 + 8.86 168.02 + 7.79 1.640 .10
Weight (kg) 74.19 + 13.73 69.27 + 14.40 3.910 <.001
BMI (kg/m?) 25.98 + 4.84 2459 +5.18 3.088 .002
BSA (m?) 1.86 + 0.19 1.79+0.19 4.126 <.001
SBP (mm Hg) 143.04 + 15.88 116.82 + 8.67 22.906 <.001
DBP (mm Hg) 81.36 + 11.00 65.68 + 7.67 18.476 <.001

BMI — Body Mass Index; BSA — Body Surface Area; HBP — High Blood Pressure; NBP-Normal Blood Pressure,
SBP — Systolic Blood Pressure; DBP — Diastolic Blood Pressure

Table 2. Relationship between anthropometric parameters and selected cardiovascular indices

Parameters Systolic BP Diastolic BP Ventricular Rate
r p-value r P-value r P-value
Height (cm) 0.047 0.296 -0.032 .48 -0.097 .031
Weight (kg) 0.198 <0.001 0.206 <0.001 0.077 .087
BMI (kg/m?) 0.173 <0.001 0.216 <0.001 0.118 .008
BSA (m?) 0.197 <0.001 0.185 <0.001 0.042 .347

BMI — Body Mass Index; BSA — Body Surface Area; BP — Blood Pressure; SBP — Systolic Blood Pressure.; DBP
— Diastolic Blood Pressure

Table 3. Association between the P-wave duration, amplitude, axis, and blood pressure

Variable High BP Normal BP t P-value
(n = 250) (n = 250)

P-wave duration (ms) 93.3+26.71 91.6 + 24.89 0.766 44

P-wave amplitude (mm) 1.58 +0.61 1.63+0.62 -0.877 .38

P-wave axis (degrees) 53.33+17.60 52.86+19.25 0.289 77

BP — Blood pressure

Table 4. Association between QRS duration and axis of the participants and blood pressure

Variable High BP Normal BP t p-value
(n = 250) (n = 250)

QRS duration (ms) 89.54 + 11.22 87.40 £9.77 2.27 .02

QRS axis (degrees) 38.74 + 31.86 42.34 +29.92 -1.30 19

BP — Blood pressure
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Variable High BP Normal BP t p-value
n = 250 n = 250
R 1 (mm) 8.99+3.54 7.54 + 3.00 4.891 <.001
R 11 (mm) 11.47 +5.01 11.13 + 4.63 0.793 43
R I (mm) 5.39 + 4.89 5.44 + 4,59 -0.113 91
R aVvR (mm) 0.14 + 0.54 0.31+1.36 -1.81 .07
R avL (mm) 5.07 +3.97 3.83+3.07 3.94 <0.001
R aVvF (mm) 7.95+5.28 7.95 + 4.69 -0.013 0.989
BP — Blood pressure
Table 6. Depth of S waves in limb leads
Variable High BP Normal BP t p-value
n = 250 n = 250
S 1 (mm) 0.80+1.25 0.66 + 0.94 1.535 126
S 11 (mm) 1.31+1.87 1.32+2.07 -0.045 964
S Il (mm) 3.43+4.42 2.43 +3.27 2.846 .005
S aVvR (mm) 9.93+3.14 9.27 £2.95 2.400 017
S aVL (mm) 1.74 £ 2.41 1.53+2.15 0.988 .324
S aVF (mm) 1.95 + 2.86 1.52 +2.45 1.798 .073
BP — Blood pressure
Table 7. R wave amplitude in chest leads
Variable High BP Normal BP t p-value
(n = 250) (n = 250)
RV1 (mm) 3.57+3.19 3.41+2.78 0.590 278
RV2 (mm) 8.02 + 4.67 8.20 + 4.77 -0.417 .339
RV3 (mm) 14.92 £ 7.95 14.42 +7.32 0.720 .236
RV4 (mm) 20.50 + 8.93 18.59 + 7.88 2.534 .006*
RV5 (mm) 19.18 £7.18 16.98 + 6.45 3.602 <0.001*
RV6 (mm) 16.14 + 5.95 14.10 + 5.23 4.070 <0.001*
BP — Blood pressure, * means p < 0.05 (significant value)
Table 8. S wave depth in chest leads (S)
Variable High BP Normal BP t P-value
n = 250 n = 250
SV1 (mm) 14.00 £ 7.24 12.54+5.78 2.481 .01*
SV2 (mm) 16.59 + 9.10 14.99 + 7.23 2.183 .03+
SV3 (mm) 7.76 £5.20 7.07 £ 4.99 1.500 13
Sv4 (mm) 5.24 + 3.95 451 +3.29 2.251 .03+
SV5 (mm) 2.95+2.92 2.32+2.19 2.719 .01*
SV6 (mm) 1.52+1.98 1.27 +1.69 1.530 A3

BP — Blood pressure; * means p < 0.05 (significant value)

4. DISCUSSION

In this study, as expected, overweight and/or
obese individuals were more likely to develop
hypertension. There was a strong association
between the anthropometric data (Height, BMI,
BSA) and HBP (Tables 1 and 2). Body size has

been documented to predict cardiovascular
disease [8]. Body mass index (BMI) is associated
with increased vascular resistance and stroke
volume; these result in an increase in cardiac
output [8]. Interestingly, our study revealed an
association between BMI, height, and BP
(Table 2). However, a study carried out among
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teenagers living in Limpopo, South Africa,
showed that body surface area (BSA) is
moderately associated with systolic blood
pressure (SBP) but weakly associated with
diastolic blood pressure (DBP) in those in the
prehypertensive stage (BP=130/85 mmHg) [8-
10]. Similarly, our study observed a strong
association between SBP and DBP (Table 1).

Moreover, increased body fat reduces the
transmission of electrical impulses from the heart
to the body surface, thus reflecting a reduced
QRS voltage on the ECG. Therefore, the QRS
voltage of an obese individual might
underestimate the cardiac size assessed using
ECG.

Table 9. Cardiac rotation among the participants

QRS Rotation High BP Normal BP Total X2 p-value
n =250 n =250
Normal Transition 119 (47.6%) 66 (26.4%) 185 (37%)
Late Transition 11 (4.4%) 22 (8.8%) 33 (6.6%)
Early Transition 120 (48%) 162 (64.8%) 282 (56.4%) <.001
Total 250 250 500 25.106
BP — Blood Pressure
Table 10. Ventricular Rate and ECG Intervals
Variable High BP Normal BP t p-value
Ventricular Rate 77.46 +14.34 70.26 +12.48 5.99 .001
PR Interval 161.86 + 24.62 163.29 + 23.11 -0.67 .51
QT Interval 376.30 £ 30.4 380.70 + 29.03 -1.65 .10
QT Corrected 424.56 + 29.24 409.16 + 22.83 6.56 <0.001

BP — Blood Pressure

QRS Voltage (mV)

©
"

HBP

NBP

Group

Fig. 1. QRS Voltage Assessment (SV1 +RV5); HBP versus NBP
HBP — High Blood Pressure. NBP — Normal Blood Pressure
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Left Lateral Leads

Fig. 2. R wave voltage assessment in left lateral leads
HBP — high blood pressure. NBP — normal blood pressure
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i o 1 G

L] A0 awitg

Fig. 3. ECG of a 52-year-old woman with high blood pressure and left ventricular hypertrophy
(SV1 + RV5 >35mm)

Left atrial enlargement is a marker of Ileft
ventricular pressure and volume overload [11]. It
is an early sign of hypertensive heart disease
and is usually reported in the ECG of patients
with moderate and severe hypertension [12]. Left
atrial enlargement abnormality is assessed
electrocardiographically by the presence of a
bifid P wave with duration =0.12s in lead Il or a
biphasic P wave with P-terminal force 20.04s in
V1. Right atrial abnormality is assessed when the
P wave is peaked and its amplitude is 22.5mm in
the lead Il. The presence of atrial abnormalities

predisposes to embolic events and
arrhythmogenesis especially atrial flutter and
atrial fibrillation. On the ECG, the P wave
denotes atrial depolarization; it reflects the
electrical activity through the atrium and thus
helps to identify atrial abnormalities [13-17]. In
this study, there were insignificant changes in P-
wave duration and amplitude (Table 3) in those
with HBP compared to NBP. This suggests that
the ECG may not suffice for the early detection of
atrial abnormalities in cases of mildly elevated
blood pressure.
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However, the QRS analysis pinpoints ventricular
depolarization in the cardiac cycle during the
spread of electrical activity within the ventricles
[18]. Leads are classified based on the heart
region where they depict changes. For instance,
inferior leads (Il, Ill, and aVF) depict changes in
the inferior wall of the heart, left lateral leads (1,
aVvL, V5 & V6) depict changes in the lateral wall
of the left ventricle, and anterior leads(V1-V6)
depict changes in the anterior wall of the heart.
The increase in QRS duration and QRS voltage
in the left lateral leads reflects the increase in left
ventricular mass [18,19]. An abnormal QRS
value is a good indicator of left ventricular
hypertrophy. However, high left ventricular
voltage (amplitude > 3.0 mV) may be a normal
finding in people less than 45 years old with high
blood pressure. High QRS voltage in the left
lateral leads was observed among the
participants with HBP, which is suggestive of an
enlargement or hypertrophy of the left ventricle
(Figs. 1 and 2). In a retrospective study by
Domain et al. [17], they documented that there
was a proportional relationship between QRS
duration and left ventricular hypertrophy (LVH).
An Ethiopian study by Kinfe et al. [18] found a
significant association between LVH and BP in a
population of 223 hypertensive individuals.
Similarly, this study revealed significantly higher
QRS duration and voltage in left lateral leads
among the participants with HBP than those with
NBP. On the chest leads our study showed that
specific R waves (RV4, RV5, and RV6) and S
waves (SV1, SV2, SV4, SV5) were significantly
increased in those with HBP compared to the
control group (NBP) (Table 5). Using the
Sokolow-Lyon criteria for the assessment of left
ventricle hypertrophy (Fig. 3), the findings
showed that blood pressure has a greater impact
on left ventricular hypertrophy.

This study is the first to document the
relationship between cardiac rotation and BP; we
discovered that counterclockwise rotation is
strongly associated with normal blood pressure,
while normal transition is strongly associated with
high blood pressure. Notably, counterclockwise
rotation was prevalent among our study
population (Nigerians). The rotation may be due
to age and sex variation [20,21]. In a study by
Patel et al. (2017) [5], participants with
counterclockwise rotation demonstrated the
lowest risk of cardiovascular disease and
mortality, while those with normal blood pressure
and clockwise rotation were associated with the
highest risk of heart failure. Participants with
counterclockwise rotation were mainly Black and

had a higher BMI. Similarly, our population had
similar characteristics. Further research is
needed to understand the association between
counterclockwise rotation and BMI. Therefore, a
comprehensive review to fully understand the
association between cardiac rotation and
cardiovascular risk factors in different age
groups and races is necessary. This would
contribute to the understanding of cardiovascular
pathophysiology.

5. CONCLUSION

High blood pressure significantly alters cardiac
electrical activity, and these changes can be
effectively detected through routine ECG
screenings, even in asymptomatic adults. This
study underscores the importance of early
detection, as ECG abnormalities may indicate
underlying cardiovascular issues that, if left
unnoticed, could lead to more serious
complications. Regular ECG screening is
particularly valuable for hypertensive patients in
Nigeria, given the prevalence of hypertension
and the potential for undiagnosed cardiac
disorders in this population. Therefore, we
recommend integrating ECG as a routine
diagnostic tool for adult Nigerians with HBP to
enable the early detection of cardiac disorders
and timely intervention.

Further research should explore the long-term
benefits of routine ECG screening in
hypertensive populations, including its potential
to prevent adverse cardiac events. Prospective
studies should be conducted to assess the cost-
effectiveness of widespread ECG implementation
in  healthcare  settings across  Nigeria.
Additionally, research into the predictive value of
ECG abnormalities about different stages of
hypertension could provide deeper insights into
how cardiac electrical changes correlate with
disease progression. Longitudinal studies are
also needed to examine the impact of lifestyle
interventions on ECG abnormalities in
hypertensive individuals.

6. LIMITATIONS OF THE STUDY

The retrospective design of the study limited the
control over confounding factors, such as
lifestyle choices, which may have influenced the
data. Additionally, the use of a convenient
sampling method to recruit the initial pool of
participants restricts the generalizability of the
findings.
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