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Significance of Primary T Wave Aberrations
in the Electrocardiogram of Asymptomatic Young Men

Part I1. Working capacity and anthropometric data
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ABSTRACT

Fifty-one healthy men, 18 - 19 years of age, with "organic" T wave aberra-
tions (group T) were compared to 112 controls of the same age with normal
electrocardiograms (Group A + B). Group T had increased heart rate and higher
systolic and diastolic blood pressures. Their lower physical work capacity
could be "explained" in multivariate analysis by their shorter height, smaller
heart volumes and lower total hemoglobin (the latter not constituting a signi-
ficant difference_between the groups). Multiple regression analysis indicated
that differences in heart rate, systolic blood pressure and blood volumes ex-
plained differences between subjects with and without primary T wave aberra-
tions. These variables are all influenced by changes in sympathetic discharge,
whereas no variable representing performance or body dimensions contributed to

the explanation.

INTRODUCTION

A low T wave without concomitant ST depression, a notch in the T wave which
may become inverted, or a break in the trend of the T wave amplitude from V1
through V6 are often accidental findings in the electrocardiograms (ECGs) of
young men who are otherwise healthy and without any signs or history of heart
disease (1, 9, 13). These T wave changes have been reported to occur in
organic heart disease (3, 13, 18) and have, therefore, sometimes led to dis-
ablement when found in young apparently healthy people (7, 14, 15).

It was indicated in two earlier studies (1, Atterhdg, J-H & Malmberg, P,
unpublished) that young men with such T wave aberrations of an "organic" type
had increased sympathetic tone and differed from subjects with normal ECGs re-
garding some anthropometric data. The aim of this study was to further charac-
terize subjects with these T wave abnormalities and elucidate possible causes

of the aberrations and their functional significance.
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MATERIAL

Subjects 18 - 19 years of age with T wave aberrations and a random sample
of subjects of the same age and with normal ECGs were selected from z military
indiction center as described in detail in part I of this study (2). The se-
lection criteria were the T wave abnormalities mentioned in the introduction
and reported earlier (2). The ECG aberration was the only finding and both
groups were healthy without other signs or history of heart disease. The sub-
jects were divided into the following groups:

Group T subjects with T wave aberrations at rest and during orthostasis,

(n = 51).

The normal ECG group A + B, n = 112, which was subdivided into:

Group A: subjects with normal ECGs in the supine position and during

orthostasis (n = 84).

Group B: subjects with normal ECGs in the supine position but T wave

aberrations during orthostasis (n = 28).

METHODS

The procedure has been described in detail earlier (2) and included a
standardised orthostatic test as well as an exercise test (18, 20)}. The load
giving a heart rate (HR) of 170 beats/min (W 170) was used as a measure of the
physical work capacity. HR was calculated from a 30 seconds' ECG recording.
Blood pressures (BP) were measured by ascultation with a calibrated cuff on
the right upper arm by the same person throughout the whole study. A single
estimation of the total amount of hemoglobin (THb) was determined by Sjo-
strand's alveolar CO method and blood volume (BV) was calculated from a peri-
pheral Hb concentration estimation with correction of body hematocrit by a
factor of 0.91 (6). Heart volume (HV) was measured in the supine position
(11). Body surface area and body volume were calculated according to Sendroy &
Cecchini and Sendroy and Collison (16, 17).

The differences between group means were tested for significance using
Student's t-test. The relation between variables was studied with linear re-
gression analysis and in the analysis of signfficance of differences between
regression lines covariance analysis was applied. In the analysis of multi-
variate relations a sometimes hierarchical stepwise multiple linear regression

analysis was used.
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RESULTS

Cumulative distribution curves for some anthropometric data. In figures

1 - 4 the cumulative distributions of HR at rest, SBP at rest, HV and W 170
for groups T, A and B are presented. The curves show a normal distribution
with a parallel displacement to each other. The distribution curves for group
B were generally closer to the group T curves than to those of group A, how-

ever.
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Sixteen percent of group T and 6 % of group B had a HR at rest of 90

beats/min or more, whereas none in group A reached that HR level (Fig. 1).
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Twenty percent of group T had a SBP of 145 mm Hg or more'compared with 3 % in

group A and 6 % in group B (Fig. 2). Twelve percent in group T had a SBP of

more than 145 mm Hg and one subject had 175 mm Hg. Only one subject in group A

had a SBP more than 145 mm Hg (170 mm Hg). The cumulative distribution curves

for height, DBP and BV showed similar trends as those reported above, i.e. the

group B curves were closer to those of group T than group A.
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Fig. 3. Cumulative distri-
bution of HV in supine
position in the groups A (n =
84), B(n=28) and T (n =
51).

Fig. 4. Cumulative distri-
bution of W 170 in the groups
A(n=284), B(n=28) and T
(n = 51).

There were no differences in height,

weight, HV, THb, BV or Hb between the two control groups A and B (Table 1).

Group B, however, had on the average 10.4 beats/min. higher HR than group A

while at rest (Table 2). The increase in HR during orthostasis, as well as the

orthostatic HR, was significantly larger (p< 0.01) in group B. SBP in the

supine position was also an average of 5.7 mm Hg higher in group B than in
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group A. There was no difference between the groups regarding orthostatic SBP
or DBP at rest and during orthostasis or regarding SBP fall and DBP increase
during orthostasis.

Group B had lower W 170 than group A (Table 3) with a difference of 20.1 W
(Table 3). No difference was found between the groups in HR at the end of
exercise while the decrease in HR after exercise was slower in group B.

Comparison between group T and group A + B. The subjects in group T were on

the average 3.2 cm shorter than the controls (Table 1). There were no
differences in weight or THb. Mean HV and BV were smaller in group T, whereas
HB concentration was higher.

On the average, mean HR at rest was 9.6 beats higher and SBP and DBP in the
supine position was 10.9 and 4.3 mm Hg, respectively, higher in group T.
During orthostasis the increase in mean HR in group T was not significantly
different from the increase in group A + B whereas SBP decreased more and DBP
. increased less in group T (p<0.05 and <0.01 respectively).

The orthostatic HR and SBP were higher in group T whereas the significance
of difference in DBP between all the groups observed while at rest disappeared

during orthostasis.

Table 1. Some anthropometric data for the control groups without (A) and
with (B) T wave aberrations during orthostasis, for the total control group
(A + Byand for the group with T wave aberrations both at rest and during
orthostasis (group T).

Variable Group A Group B sign. of Group A+B Group T sign. of
mean SD mean SD diff. mean SD mean SD diff.

Height 180.2 6.6 179.3 6.3 n.s. 180.0 6.5 176.8 7.0 p<0.01

cm

Weight 68.5 10.1 67.2 9.5 n.s 68.2 9.9 66.8 8.8 n.s.

kg

HV 0.789 0.150 0.742 0.121 n.s. 0.777 0.145 0.730 0.120 p<«0.05

1 n=84 n=28 n=112

THb 724.8 90.7 705.6 79.9 n.s. 719.6 87.9 694.5 111.6 n.s.

g n=67 n=25 n=92 n=29

BV 5.67 0.75 5.52 0.62 n.s. 5.63 0.72 5.25 0.89 p<0.05

1 n=67 n=25 n=92 n=29

Hb 140.9 9.2 140.6 7.5 n.s. 140.8 8.7 146.0 9.5 p<0.01

g/l n=67 n=25 n=92 n=29

Physical work capacity was lower in group T with a difference to the con-

trol group A + B of 17.2 W (Table 3). Both groups finished the exercise test
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at the same HR but HR immediately after the test in recumbent position and 10
minutes afterwards was higher in group T. There were no differences between
group T and group B regarding W 170 and HR after exercise.

Simple linear regression. W 170 was correlated to height, weight, HV, THb

and BV in both control group A + B and group T (Table U4). There were no signi-
ficant differences found in the correlation coefficients between the groups.
The regression lines for W 170 as the dependent variable in Table 4 were all
significantly different between group A + B and group T, with a lower physical
capacity in group T at a given height, weight, HV, THb or BV, but there were
no differences regarding the slopes, however.

The relationship between HV and height, weight, body surface and volume,
THb and BV is given in Table 5. There was no correlation between HV and BV in
group T. In addition, there were no significant differences in correlation
coefficients between the group T and group A + B. HV as a function of THb in
group T had a significantly smaller slope than in group & + B. HR at rest was
negatively correlated to height in group A + B and to W 170 for both controls
and group T (Table 6). HR was numerically higher in group T for a given W 170
(p<0.10). The HR increase during orthostasis was not related to height or
physical work capacity in either groups but negatively correlated to HR at

rest in the groups B and T and to DBP at rest in control group A.

Table 2. Heart rate, systolic and diastolic blood pressures at rest and
during orthostasis for the control groups without (A) and with (B) T wave
aberrations during orthostasis, for the total control group A + B and for the
group with T wave findings both at rest and during orthostasis (T).

Group A Group B Group A+B Group T
n=84 n=28 n=112 n=51
mean SD mean SD mean SD mean SD
HR, supine, beats/min 63.0 10.4 73.4 11.1 65.6 11.5 75.2 15.2
sign. of diff. p<0.001 p<0.001
SBP, supine mm HG 124.3 11.8 130.0 9.9 125.7 11.6 136.6 13.5
sign. of diff. p 0.05 p<0.001
DBP, supine mm HG 73.2 7.7 76.4 8.4  T4.0 8.0 78.3 6.9
sign. of diff. n.s. p<0.01
HR, standing beats/min 80.7 11.7 96.5 10.2 8U4.6 13.2 93.4 16.0
sign. of diff. p<0.001 p<0.001
SBP, standing mm Hg 124.3 10.8 128.4 9.2 125.3 10.6 133.9 12.4
sign. of diff. n.s. p<08.001
DBP, standing mm Hg 80.7 8.2 82.9 6.4 81.3 7.8 82.6 7.1
sign. of diff. n.s. n.s.
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Table 3. Physical work capacity (W 170) and heart rate during and after
exercise for the control groups without (A) and with (B) T wave aberrations
during orthostasis, for the total control group A + B and for the group with T
wave aberrations both at rest and during orthostasis (group T).

Group A Group B Group A+B Group T
n=84 n=28 n=112 n=51
mean SD mean SD mean SD mean SD
W 170 W 174.1 34,7 154.0 36.2 169.1 36.0 151.9 34.6
sign. of diff. p<0.01 p<0.01
HR at highest exercise 168.1 7.3 168 7 6.6 {168.3 7.1 169.2 7.2
load beats/min
sign. of diff. n.s. n.s.
HR immediately after 102.6 14,2 112.8 14.3 1105.1 14.8 110.7 18.1

exercise in recumbant
beats/min
sign. of diff. p<0.01

HR 10' after exercise 79.5 9.1 85.6 10.1
in recumbant beats/min
sign. of diff. p<0.01

81.

3

p<0.05
9.7  86.3 12.5

p<0.01

SBP at rest was correlated to HR at rest in both groups (Table 6) and was

significantly higher in group T than in group A + B at corresponding HR

(p<0.05) (Fig. 5). The SBP fall during orthostasis was positively correlated

to HR, SBP and DBP at rest in groups A and A + B but for groups T and B was

positively correlated only to SBP at rest.

DBP at rest was correlated to HR at rest only for group T (Table 6). The

DBP increase was not correlated to HR at rest whereas the increase was nega-

tively correlated to basal DBP for all groups.

Table 4. Correlation coefficients (r} and significance of r for physical
work capacity (W 170) and some variables in control group A + B and in group T
and significance of differences between the regression lines.

Regressions Group A+B Group T Sign. of diff. between
groups A+B and T in
W10 =f () r sign. p< r sign. p< intercept p< slope p
Height 0.46 0.001 0.39 0.01 0.05 -
Weight 0.u4  0.00t 0.4  0.01 0.01 -
HV 0.43  0.001 0.54  0.001 0.05 -
THb 0.56  0.001 0.4  0.05 0.01 -
BV 0.51 0.001 0.55 0.001 0.05 -
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Table 5. Correlation coefficients (r) and significanoé of r for heart
volume (HV) and some variables in control group A + B and in group T and
significance of differences between the regression lines.

Regressions Group A+B Group T Sign. of diff. between
groups A+B and T in

HV = £ ( ) r sign. p< r sign. p< intercept p< slope p<

Height 0.21 0.05 0.39 0.01 - -

Weight 0.54 0.001 0.60 0.001 - -

Body surface 0.48  0.001 0.56  0.001 - -

Body volume 0.54  0.001 0.60 0.001 - -

THb 0.67 0.001 0.u44 0.05 - 0.05

BV 0.59 0.001 0.34 - -

Table 6. Correlation coefficients (r) and significance of r for the
functions HR, SBP and DBP at rest, differences of HR, SBP and DBP between
supine and erect positions and some variables in the groups A, B, A + B and T.

Regressions Group A Group B Group A+B Group T
n=84 n=28 n=112 n=51
r sign. r sign. r sign. r sign.
HR supine = £ ( )
Height -0.30 0.01 -0.02 -0.23 0.05 -0.09
W 170 ~0.29 0.01 -0.19 ~-0.33 0.001 -0.30 0.05
HR increase supine - erect
= f (
Height 0.10 0.26 0.13 0.26 0.10
W 170 -0.03 0.00 -0.08 -0.09
HR supine -0.19 0.10 -0.58 0.001 =-0.18 0.10 -G.31 0.05
DBP supine -0.29 0.01 -0.25 -0.22 0.05 ~0.14
SBP supine = £ ( )
HR supine 0.30 0.01 0.32 0.10 0.36 0.001 0.44 0.001
SBP fall supine -erect
=f ()
HR supine 0.30 0.01 0.05 0.26 0.01 0.1
SBP supine 0.42 0.001 0.43 0.05 0.43 0.001 0.43 0.001
DBP supine 0.20 0.10 0.30 0.24 0.05 0.11
DBP supine = f ( )
HR supine 0.11 0.148 0.1% 0.28 0.05
DBP increase supine -
erect = f ()
HR supine 0.1 0.27 0.00 0.09
DBP supine -0.43 0.001 ~0.65 0.001 -0.48 0.001 -0.37 0.01
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Table 7. Partial regression coefficients (b) standard errors of b (SEb)
and significance of b for the predictors in hierarchical step-wise multiple
regression analysis on W 170 for the total material (group T entered by
force). The constant, the coefficient of multiple determination (R2) and the
number of degrees of freedom are given for the regression equation.

Total material (groups A + B and T)

Predictor b SE t p
Group T -8.2 5.8 1.424 n.s.
HV 85.1 28.0 3.040 0.01
THb 0.098 0.036 2.698 0.05
Height 1.06 0.45 2.34 0.05
Constant -157.5

R2 0.40

Df 115

The fall in SBP was positively correlated to the increase in DBP during
orthostasis in group A + B (p <0.001) whereas no such correlation was found in
group T. Otherwise there were no correlations found in either group A + B or
group T between the differences in HR, SBP and CBP when their position was

changed from supine to erect.
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Both THb and BV were correlated to body volume in all groups but the re-
gression lines had a steeper slope in group T.

Step-wise linear multiple regression analysis. The mean difference in W 170

between group A + B and group T can be expressed by what part group T contri-
butes to variations in W 170 in the whole sample consisting of groups A + B
and T. With hierachical step-wise multiple regression analysis the dichotom-

ized variable group T (= 1 if the subject belonged to group T, otherwise = 0)
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was entered as the first predictor giving the followingvequations using com-
puter supplied constants: W 170 = 169 - 17.1 x group T. The t value for the
slope (b) was significant (p«0.02). After the other variables HV, THb and
height had entered in that order, the significance of bgroup T had dis-
appeared (Table 7). The other competing variables were weight and HR at rest.
I.e. the difference in W 170 between group A + B and grouﬁ T could be signifi-
cantly explained by the differences in body dimensions.

The difference in resting mean SBP between group T and control group 4 + B
was analysed in the same manner. SBP = 125.7 + 0.383 x group T. The t-value
for b was 5.244 (p< 0.001). After control of HR at rest there remained a sig-

nificant difference regarding SBP (t-value for b . was 3.577,
p< 0.001) i.e. the differences in SBP cannot be BAE¥Rely explained by differ-

ences in HR. The competing variables of height and W 170 did not contribute
significantly. The difference in mean BV between the groups remained signifi-

cant after correction for body volume and HV (t-value for b was

2.023, p< 0.05) i.e. the differences in BV cannot be entire§§°8§p$ained by
differences in body dimensions. The other competing variables were HR at rest
and SBP at rest.

With the aim of studying which of the measured anthropometric and functio-
nal variables contributed significantly to the differences between group T and
group A + B (besides the T wave abnormality), when the other variables were
controlled, a multiple regression analysis was performed on the whole sample A
+ B+ T (n = 163) with the dichotome variable t as a dependent variable (t = 1

if the subject belongs to group T, otherwise = 0).

Table 8. Partial regression coefficients (b), standard errors of b (SE)
and significance of b for the predictors in step-wise multiple regression
analysis on T wave aberrations for the total material. The constant, the
coefficient of multiple determination (R2) and the number of degrees of
freedom are given for the regression equation.

Total material (groups A + B and T)

Predictor b SEy t p

SBP at rest 0.011 0.304 3.239 0.005
BV -0.111 0.050 2.214 0.05

HR at rest 0.006 0.003 1.725 n.s.

Constant -0.842

R2 0.21

Df 116

The subjects with T wave aberrations (group T) differed significantly from

the others (group A + B) regarding SBP at rest, BV and HR at rest in order of
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influence (Table 8). The other competing variables were THb, height, HV and W
170 which did not contribute to "explain" the T wave aberrations.

DISCUSSION

This study showed signs of increased sympathetic discharge in young asymp-
tomatic men with T wave aberrations of the types reported to occur in organic
heart disease. They thus have increased HR and SBP which confirm earlier find-
ings (1, Atterhdg, J-H & Malmberg, P, unpublished).

In addition, those in the control group who evidenced T wave aberrations
during orthostasis (group B) already had higher HR and SBP at rest and a
larger increase in orthostatic HR than the subjects with normal ECGs at rest
as well as during orthostasis (group A). Thus, a high sympathetic tone was
also shown by group B.

A changed vegetative tone is the probable explanation for both the lack of
correlation between HR at rest and body dimensions (height) in either groups T
or B, and for the weak correlation between HR at rest and physical work capa-
city in group T, whereas the corresponding correlations in group A were normal
(20). The changed vegetative tone was also evident from the slower decrease in
HR after the termination of exercise in groups T and B.

The curves in group B for the cumulative distribution of the measured vari-
ables generally show a closer similarity to group T than to group A. This also
indicates that the T wave aberrations in group T are not signs of organic
lesions. There was not any "skewness" in the cumulative frequencies of HR, HV
and W 170 that might indicate the occurrence of any subgroup in group T. This
means, for example, that vasoregulatory asthenia (VA) can be excluded as a
significant cause of the T wave aberrations in group T because patients with
VA generally have substantially increased HR, abnormal HR reaction during
orthostasis and a low W 170 (10). The cumulative distributions also exclude
the contribution of well trained sportsmen, which may have primary T wave
aberrations (8), at least during their most active training periods (5). As a
result of their heavy physical training they can be expected to have a low HR
at rest, enlarged HV and high W 170 (23) and such a group could not be identi-
fied in this material. Likewise, organic heart disease causing enlarged heart
volumes and low physical working capacity can be excluded as significant con-
tributor to the changed T waves.

The correlations between W 170 (an indirect measure of stroke volume), HV
and THb (a variable reflecting the degree of habitual physical activity) were
performed since there normally is a relationship between these variables (20).

These relationships are of use in diffentiating between, for example, a normal
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and abnormal cause of the low physical work capacity in é subject. A low
physical work capacity is probably normal for that subject if also HV and THb
are low. ) ,

Thus, group T had a lower W 170 than the controls but this difference could
be entirely explained by differences in the body dimensions HV, THb and height
and was probably not the result of heart disease. This confirms an earlier
finding that the group differences in maximal work capacity between subjects
with and without primary T wave aberrations are height dependent (Atterhdg,
J-H & Malmberg, P, unpublished). We have no explanation why subjects with T
wave changes are shorter, which is a recurrent finding.

Group T had a smaller BV than the control groups which could not be ex-
plained by differences in body dimensions. Since the Hb concentration was in-
creased in group T and THb was similar it is probable that the decrease in BV
in group T can be explained by a plasma volume decrease due to increased
sympathetic tone (Y4, 22).

SBP was significantly higher in group T than in the controls at any given
level of HR and thus differences in SBP between the groups could not entirely
be explained by differences in HR.

The difference between group T and the rest of the subjects could be ex-
plained by multiple regression analysis by differences in SBP at rest, BV and
HR at rest, in that order of influence, i.e. variables that can be influenced
by changes in the sympathetic tone. On the other hand, no variable represent-
ing performance or body dimension such as physical work capacity and HV con-
tributed to the "explaining" of the T wave findings.

The results imply that T wave changes of "organic" type in asymptomatic
young men have an origin in changed vegetative tone for the majority of sub-

jects and are not due to organic heart disease.
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