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Abstract

Background: P wave axis, QRS axis, T wave axis and QRS-T angle have prog-
nostic values on cardiovascular morbidity and mortality, yet the effect of age
on these important electrocardiographic parameters has not been well studied
in adult Nigerians, knowing that some electrocardiographic parameters are
affected by age. Objectives: This study was aimed at determining the effect of
age on P frontal axis, QRS frontal axis, T frontal axis and frontal QRS-T angle
among adult Nigerians. Methods: This was a retrospective study in which P
frontal axis, QRS frontal axis and T frontal axis of adult patients who at-
tended a university teaching hospital were determined from 12-lead ECG.
Frontal QRS-T angle was calculated as the absolute difference between the
QRS frontal axis and T wave frontal axis. The electrical axes and QRS-T angle
were correlated with age. Results: There were 85 cases aged between 20 and
66 years, which included 42 males and 43 females. P frontal axis correlated
positively and non-significantly with age (r = —0.032, p = 0.773), QRS frontal
axis correlated negatively and significantly with age (r = —0.295, p = 0.006), T
frontal axis correlated negatively and non-significantly with age (r = —0.002, p
= 0.984), while frontal QRS-T angle correlated negatively and significantly
with age (r = —0.266, p = 0.014). Conclusion: There were significant age re-
lated changes in both QRS frontal axis and frontal QRS-T angle. No signifi-
cant age related changes were found in P frontal axis and T frontal axis.
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1. Introduction

The commonly recorded electrical axes of the heart on the 12-lead surface elec-
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trocardiogram (ECG) are P wave axis, QRS axis and T wave axis. The prognostic
value of abnormal P wave axis in cardiovascular morbidity and mortality [1] [2],
has been demonstrated in previous studies. T wave axis has also been shown to
be a strong predictor of cardiac morbidity, cardiac mortality and all-cause mor-
tality [3] [4] [5] [6]. QRS-T angle, which is the angle between QRS axis and T
wave axis, is a strong predictor of cardiac morbidity, cardiac mortality and
all-cause mortality [4] [7] [8]. Since QRS-T angle is the difference between the
QRS axis and T wave axis [9] QRS-T angle indirectly indicates the prognostic
value of QRS axis. Despite their clinical importance, the effect of age on these
electrocardiographic parameters has not been well studied among adult Nige-
rians, given that some electrocardiographic parameters are affected by age. This
study was aimed at determining the effect of age on P frontal axis, QRS frontal
axis, T frontal axis and frontal QRS-T angle, among adult Nigerians.

Reference values for P wave axis, QRS-axis, T-wave axis and QRS-T angle are
available in the literature. The reference range for P wave axis is 0 to 75 degrees
[1]. The reference range for QRS-axis is =30 to 90 degrees [4], for T-wave axis is
0 to 90 degrees [4] and for frontal QRS-T angle is 0 to 90 degrees [4]. Frontal
QRS-T angle is usually smaller than the corresponding spatial QRS-T angle [10]
[11].

Chaudhry ef al [12] reported no significant change in P axis with increasing
age in adults. Chaudhry et al. also reported that QRS axis decreased significantly
with age while T axis increased significantly with age. QRS-T angle was reported
by Oehler et al. [9] and by Chaudhry ef al [12] to increase with age.

Even though such studies have been done in Caucasians, findings in Cauca-
sians and other races regarding the relationship between age and electrical axes
of the heart may not be assumed to be applicable to Nigerians because racial
variations in some ECG parameters are known to exist [13] [14]. This necessi-

tated the examination of this problem in adult Nigerians.

2. Materials and Methods
2.1. Data Acquisition

This was a retrospective study. Eligible cases that attended the medical outpa-
tient clinics of Enugu State University Teaching Hospital, (ESUTH) Parklane,
Enugu, Nigeria, between February and July 2016 were recruited retrospectively
and consecutively. The medical outpatient register was used for the initial
screening of cases to be or not to be included in the study. Those included were
adults 18 years of age and above and those excluded were those with history of
heart disease, kidney disease, obesity, chronic obstructive pulmonary disease and
pregnant females. Many were excluded based on the information from the out-
patient register alone. The medical records of those who were through in the ini-
tial screening were then examined for further evidence of the exclusion criteria.
In the end, 85 cases met the requirement for eligibility.

P frontal axis, QRS frontal axis and T frontal axis were determined from the
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ECG.

2.2. Data Analysis

Frontal QRS-T angle (QTA) was calculated as the absolute difference between
QRS frontal axis and T frontal axis [7] [15].

QTA = QRS axis — T wave axis (1)

where QTA is QRS-T angle.

This is for QRS-T angle not greater than 180 degrees [9].

Where QRS axis — T wave axis > 180 degrees, the following formula was used
to calculate QRS-T angle [7] [9].

QRS-T angle = 360 — (QRS axis — T wave axis) (2)

Analysis of data was with statistical product and service solutions (SPSS)
software version 22 (IBM Statistics, IBM Corp). Group means were compared
using analysis of variance (ANOVA). Bivariate correlation was employed in
examining the relationship between age and electrographic parameters. P values

less than 0.05 were considered significant.

3. Results

3.1. Distribution of the Electrical Axes of the Heart across the
Different Age Groups

Data on 85 cases aged between 20 and 66 years with a mean age of 44.61 + 10.04
were analyzed. They included 42 males and 43 females.

The distribution of mean P frontal axis across the different age groups fol-
lowed no definite pattern. Across the third decade, fourth decade, fifth decade,
sixth decade and seventh decade of life, the distribution of mean P frontal axis in
degrees was 48.71 + 21.12, 49.33 + 18.20, 47.08 * 20.18, 50.45 + 23.91 and 51.40
* 25.63, respectively. See Table 1. The overall mean P frontal axis was 48.54 +
20.08.

Table 1. The mean frontal electrical axes of the different age groups.

3t decade 4 decade 5t decade 6% decade 7't decade Total P value
N=7 n=24 N=38 N=11 N=5 N =285

Age 22.86 £1.95 37.67 £1.27 46.82 +1.71 57.27 £1.49 63.80 £ 1.79 44.61 +10.04 0.000

P axis 48.71 £21.12 49.33 £18.20 47.08 +20.18 50.45 +23.91 51.40 +25.63 48.54 +20.08 0.980

QRS axis 50.57 +£22.10 44.13 +£21.69 35.32 £19.68 29.82 +£20.05 24.20 +18.32 37.69 £21.10 0.059

T axis 34.71 £21.91 31.33 £19.76 28.66 + 18.15 30.64 +20.35 32.80 +23.42 30.41 £19.11 0.940

QTA 15.86 £ 24.71 12.79 £ 22.04 6.66 + 23.41 —0.82 + 24.86 -8.60 £ 15.18 7.28 £ 23.26 0.200

Key: QT A means QRS-T angle.
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Starting from the third decade where the mean QRS frontal axis was 50.57 +
22.10, it decreased progressively through the fourth decade (44.13 * 21.69), fifth
decade (35.32 + 19.68), sixth decade (29.82 + 20.05) to the seventh decade of life
(24.20 + 18.32). The overall mean QRS frontal axis was 37.69 + 21.10. See Table 1.

The T frontal axis had no definite pattern across the different age groups. In
degrees, it was 34.71 £ 21.91 in the third decade, 31.33 + 19.76 in the fourth
decade, 28.66 + 18.15 in the fifth decade, 30.64 + 20.35 in the sixth decade and
32.80 * 23.42 in the seventh decade of life. The overall mean T frontal axis was
30.41 £ 19.11. See Table 1.

The mean frontal QRS-T angle decreased from 15.86 + 24.71 in the third dec-
ade to 12.79 + 22.04 in the fourth decade, to 6.66 + 23.41 in the fifth decade, and
thereafter increased negatively from —0.82 * 24.86 in the sixth decade to —8.60 +
15.18 in the seventh decade of life. The overall mean QRS-T angle was 7.28 *
23.26. See Table 1. From Figure 1 it can be seen that with increasing age, QRS
frontal axis moves superiorly (ie., in anti-clockwise direction) in the frontal
plane. The intersection of the QRS frontal axis and T wave frontal axis was at

about 58 years.

3.2. Correlation between the Electrical Axes of the Heart and

Age
P frontal axis correlated positively and non-significantly with age (r = —0.032, p
= 0.773), QRS frontal axis correlated negatively and significantly with age (r =
-0.295, p = 0.006), T frontal axis correlated negatively and non-significantly
with age (r = —0.002, p = 0.984) while frontal QRS-T angle correlated negatively
and significantly with age (r = —0.266, p = 0.014). See Table 2.

Blue: QRS frontal axis Red: T frontal axis
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Figure 1. Graphs of QRS frontal axis and T frontal axis extrapolated forward by 10 years.
The y-axis is in reverse order in order to portray the orientation of the QRS axis and T
wave axis in the frontal plane. With increasing age, QRS frontal axis moves superiorly or

anti-clockwise in the frontal plane.
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Table 2. Correlation of frontal axes with age.

P axis QRS axis T axis QTA

Mean + SD

48.54 +20.08 37.69 £ 21.10 3041 £ 19.11 7.28 £23.26
(degrees)

Pearson’s regression

0.032 —-0.295 —0.002 —0.266
coefficient (r)

P value 0.773 0.006 0.984 0.014

Key: QTA means QRS-T angle.

4. Discussion

P wave axis, T wave axis and QRS-T angle have prognostic values on cardiovas-
cular morbidity and mortality and so it was considered necessary to determine
the effect of age on these important ECG parameters. To the best of our know-
ledge, no previous studies had examined the decade to decade changes in the
frontal QRS-T angle among adult Nigerians. This study analyzed the decade to
decade changes in the commonly determined electrical axes of the heart and also
the decade to decade changes in the frontal QRS-T angle.

There was no definite pattern in the distribution of P frontal axis from the
third decade to the seventh decade of life. The correlation between P frontal axis
and age was very poor. Just like in our own study, Chaudhry et a/ [12] found no
significant change in P axis with increasing age among the adults they studied.
Also, Parhels et al [10] reported that P frontal axis does not change with age
throughout adult life.

In the case of QRS frontal axis, there was a progressive decrease across the
third decade, fourth decade, fifth decade, sixth decade and seventh decade of life.
QRS frontal axis correlated negatively and significantly with age. The findings in
our study corroborated those of Chaudhry et al [12] and Parhels ef al [10] who
reported that QRS frontal axis decreased with increasing age.

Just like P frontal axis, the correlation between T frontal axis and age was poor
in our study. This is contrary to what Chaudhry et al [12] found in their own
study in which the T frontal axis was found to increase with age. However, Par-
hels et al. [10] in their own study, reported that T frontal axis moves superiorly
(i.e., decreases) after which it moves inferiorly (i.e., increases).

In our study, the frontal QRS-T angle decreased from the third decade to the
fifth decade and thereafter increased negatively from the sixth decade to the se-
venth decade of life. This was due to the superior or anticlockwise movement of
the QRS frontal axis in the frontal plane with increasing age (Figure 1). Al-
though Stinebaugh et al. [16] found no significant change in the QRS-T among
adults, Oehler et al and Chaudhry et al reported that QRS-T angle increased
with age. In our study of adult subjects aged between 20 and 66 years, the mean
frontal QRS-T angle in degrees was 7.28 * 23.26. This was comparable to those
of Parhels et al [10] who reported a mean frontal QRS-T angle of 4.1 + 32.4
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among adult subjects aged between 18 and 64 years. In the same study by Par-
hels et al, adult subjects aged between 65 and 88 years were reported to have a
mean frontal QRS-T angle of 22.7 + 36.8. This second group included those in
the eighth and ninth decades of life. Our study did not include those in the
eighth and ninth decades of life.

It is obvious from our study and those of Parhels et a/ that frontal QRS-T an-
gle has a relatively small mean as well as a relatively narrow range. This was well
illustrated in the study by Draper et al [11] in which frontal QRS-T angle, sa-
gittal QRS-T angle, horizontal QRS-T angle and spatial QRS-T angle were
compared in the same subjects. Of the four, the mean frontal QRS-T angle was
the least. The mean frontal QRS-T angle in degrees was 12 * 33, while the cor-
responding spatial QRS-T angle in the same subjects was 78 + 26. The range of
the frontal QRS-T angle in degrees was 0 - 88, while the corresponding range of
the spatial QRS-T angle in degrees was 26 - 134.

5. Conclusion

This study on young adult and middle-aged Nigerians showed significant
changes in QRS frontal axis and QRS-T angle with respect to age, similar to what
were reported in previous studies among non-Negro populations. The absence
of age related changes in P frontal axis in adult Nigerians was also similar to
what was reported among non-Negro populations. The mean QRS-T angle rec-
orded in the age group studied was small and in agreement with the observation

made by previous researchers.

The Strength of the Study

The cases studied were those who had no clinical evidence of heart disease.

The Limitation of the Study

We acknowledged the small scale of the study with regards to sample size, espe-
cially in the seventh decade where there were only five cases. When recruiting
the cases for the study, it was considered important to select only those cases
which did not have heart disease, or any disease that might affect cardiac elec-

trophysiology, in other to limit the confounding factors.

Recommendation

Given the prognostic importance of P wave axis, T wave axis and QRS-T angle
on cardiovascular morbidity and mortality, and also given that these electrocar-
diographic parameters are affected by age, electrocardiographic screening of
adults and the elderly before any physically stressful condition such as strenuous
exercise or surgery should warrant serious consideration.

For future studies on the effect of age on the electrical axes of the heart, we
recommend a large scale study that will include elderly Nigerians in order to

understand the age-related changes in the electrical axes of the heart of the el-
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derly Nigerians.
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