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Background: ST elevation is commonly seen in young, healthy men. The exact mechanisms that
cause ST height to be greater in young men are not yet completely understood. The purpose of the
present study was to determine whether autonomic tone is responsible for age and gender differences
in ST height.

Methods: Gender and age differences in ST height were studied at rest and after double autonomic
blockade (DAB) with atropine and propranolol. Fifty healthy men and women were included (16
men, 14 women, age 23–32 years; 9 men, 11 women, age 65–79 years). Twelve-lead ECGs were
registered at rest and after DAB. Leads II and V1–V4 were chosen for analysis. ST height (in mm) was
measured manually at the J-point, and 40 ms and 80 ms after the J-point. Values were corrected for
QRS amplitude.

Results: Gender and age differences in ST height were seen in both rest and DAB data. Men had
greater ST height compared to women at J-point, 40 and 80 ms after the J-point (P ≤ 0.0001), and
younger subjects had greater ST height than older subjects at J-point (P = 0.0140), 40 and 80 ms
after the J-point (P ≤ 0.0001). DAB did not change ST height at J-point or at 40 ms, but increased ST
height at 80 ms. Women had less of an increase in ST height following DAB than men did.

Conclusions: ST elevation in the absence of structural or electrical heart disease is mainly seen
in young men. Age and gender difference persist after DAB and thus are not due to differences in
autonomic tone. A.N.E. 2006;11(3):253–258
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Upward coving ST elevation, or early repolariza-
tion, is commonly seen in young men,1–7 and
is characterized by an elevated concave ST seg-
ment in the precordial leads. Prior studies have
not identified the cause of this syndrome with
certainty. Testosterone, increased vagal tone, and
slower heart rates in young men have been sug-
gested in the past to cause ST elevation in young
men. Both testosterone and estrogen receptors have
been found in the heart suggesting theoretically
that female and male sex hormones may be respon-
sible for the gender differences in ST height.4,8–10

Some data suggest that testosterone has a major
effect on ST height,4 whereas other studies of ST
height during the menstrual cycle11 suggest that
fluctuations in female sex hormones may modu-
late ST height as well. Increased vagal tone has
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also been suggested to be a mechanism behind the
ST elevation using analysis of heart rate variabil-
ity in patients with early repolarization.12 Other
possible mechanisms on ST height may include
direct effects of heart rate on cardiac ion cur-
rent activity.13 A second syndrome that shows ST
elevation is the Brugada syndrome, which in con-
trast to early repolarization in young men, is asso-
ciated with QRS prolongation and potentially fatal
arrhythmias. We hypothesized that the predomi-
nance of ST elevation in young men is due in large
part to intrinsic differences perhaps mediated by
sex hormones rather than the effects of autonomic
tone. Therefore, we analyzed ST height both at
rest and after double autonomic blockade (DAB)
in 50 healthy men and women in two separate age
groups.
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METHODS

The patient population consisted of 50 healthy
subjects including 16 young men and 14 young
women with ages ranging from 23 to 32 years (26.5
± 3.5 years), and 9 older men and 11 older women
with ages ranging from 65 to 79 years (70.7 ± 3.5
years). All individuals gave informed consent to
participate in a protocol approved by the North-
western University Institutional Review Board. All
subjects had normal cardiac physical examinations,
no history of heart disease by echo or stress test,
no hypertension or left ventricular hypertrophy ei-
ther on ECG or two dimensional echo, and no
autonomic dysfunction or conditions such as dia-
betes that are known to cause autonomic dysfunc-
tion. They were all able to receive propranolol and
atropine (i.e., none had asthma or type II or greater
heart block). All young women had normal men-
strual cycles, and none were on hormone replace-
ment therapy. No major ECG abnormalities were
seen in any of the subjects.

Twelve-lead surface ECGs were obtained in all
subjects at rest and after DAB with propranolol
and atropine.14 Intravenous propranolol was ad-
ministered using an initial dose of 0.25 mg/kg at
a rate of 1 mg/min followed by an infusion of
0.002 mg/kg per min for the duration of the study.
Intravenous atropine was administered as a sin-
gle dose of 0.04 mg/kg at a rate of 1 mg/min.
The order of drug administration was randomly
assigned.

ECGs were recorded at 25 or 50 mm/s with a gain
of 10 mm/mV and computer scanned and magnified
7–8 times the original size. ST height was measured
with an on-screen measuring tool to the nearest 0.2
mm. Leads II, V1, V2, V3, and V4 were chosen for
analysis. The isoelectric baseline was defined as
the height of the midpoint of a line drawn from
the end of the previous T wave to the beginning of
the P wave, and ST height in relation to the base-
line was measured at cut-points of 0, 40, and 80
milliseconds (ms) after the J-Point (Fig. 1). QRS am-
plitude was also measured and was defined as the
difference between the highest and lowest deflec-
tion of the QRS complex, measured to the nearest
0.2 mm. Heart rates during rest and DAB were also
measured. ST-height measurements had been val-
idated in the past in our lab by a second observer
using ECG measurements of a total of 525 ST-height
measurement points and yielded an intraclass cor-
relation coefficient of 0.83.

Figure 1. ECG measurement example. ST height (in mm)
was measured at the J-point, and at 40 ms and 80 ms
after the J-point down to the isoelectric baseline deferred
as the midpoint of the TP segment.

Data Analysis

Data are expressed as mean ± standard devia-
tion (SD). Statistical analysis was performed using
commercially available software (StatView 5.0.1).
Age, gender, and DAB effects were analyzed us-
ing repeated measure ANOVA with age and gen-
der as factors. Analyses were repeated using ST-
height divided by the QRS complex amplitude data
(ST/QRS).15 A P-value ≤0.05 was considered statis-
tically significant for all purposes.

RESULTS

Differences among leads II, and V1–4 were eval-
uated at rest at J-point, and 40 ms and 80 ms after
the J-point (Fig. 2). ST height in leads II and V1 was
generally lower compared to the precordial leads
V2–4. Thus, analysis of the gender and age influence

Figure 2. ST height (in mm) for each lead measured at
the J-point, and at 40 ms and 80 ms after the J-point.
Data shown as mean ± 1 standard deviation.
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both at rest and after DAB were performed on
pooled data for the mid-precordial leads V2–4, and
leads V1 and lead II are reported separately.

Analysis of ST height at baseline in leads V2–V4
showed that overall, men (young and old combined)
had greater ST height than women measured at the
J-point (0.64 ± 0.50 mm men vs. 0.13 ± 0.32 mm
women; P < 0.0001), 40 ms (1.16 ± 0.82 mm men
vs. 0.36 ± 0.44 mm women, P < 0.0001) and 80 ms
(1.78 ± 1.22 mm men vs. 0.59 ± 0.56 mm women;
P < 0.0001). Younger subjects (male and female
combined) had greater ST height than older subjects
measured at the J-point (0.49 ± 0.50 mm younger
vs. 0.22 ± 0.43 mm older at rest, P = 0.0140, at
40 ms (1.00 ± 0.85 mm younger vs. 0.41 ± 0.44
mm older; P < 0.0001) and at 80 ms (1.56 ± 1.24
younger vs. 0.62 ± 0.51 mm older; P < 0.0001).
Similar results were found for analysis in lead II,
but no age or gender differences in ST height were
seen in lead V1.

Results for separate age and gender subgroups
during rest are shown in Table 1. ST height was
highest in young men at all cut-points in leads V2–
V4, followed by older men, young women, and
older women. Gender differences were significant
in both young and older subgroups at all the three
cut-points. Age differences were significant in the
male subgroup at all the three cut-points, and in the
female subgroup at J-point. Results obtained after
dividing ST height by QRS amplitude mirrored the

Table 1. ST Height (in mm) in Leads V2–V4, V1 and II for Each Age-Gender Subgroup at Each Cut-point at Rest
(Mean ± SD)

Lead V
2–4

Heart Rate J-point 40 ms 80 ms

Young men (n = 16) 62.3 ±10.9 0.73 ± 0.51a,b,c 1.49 ± 0.81a,b,c 2.30 ± 1.18a,b,c

Young women (n = 14) 66.9 ± 9.9 0.21 ± 0.33b,c 0.44 ± 0.46 0.73 ± 0.64
Older men (n = 9) 65.0 ± 10.8 0.48 ± 0.45a 0.59 ± 0.44a 0.87 ± 0.56a

Older women (n = 11) 63.2 ± 9.8 0.01 ± 0.28 0.26 ± 0.39 0.42 ± 0.37
Lead V1

Young men (n = 16) 62.3 ± 10.9 0.13 ± 0.32 0.59 ± 0.23a 0.69 ± 0.37
Young women (n = 14) 66.9 ± 9.9 0.01 ± 0.20b 0.22 ± 0.06b 0.34 ± 0.12
Older men (n = 9) 65.0 ± 10.8 0.16 ± 0.37 0.31 ± 0.12 0.33 ± 0.10
Older women (n = 11) 63.2 ± 9.8 0.20 ± 0.28 0.47 ± 0.09 0.47 ± 0.11

Lead II
Young men (n = 16) 62.3 ± 10.9 0.34 ± 0.56 0.45 ± 0.17a,b,c 0.73 ± 0.30a,b,c

Young women (n = 14) 66.9 ± 9.9 0.13 ± 0.32 0.14 ± 0.08 0.24 ± 0.08b

Older men (n = 9) 65.0 ± 10.8 0.31 ± 0.36 0.04 ± 0.10 0.13 ± 0.14
Older women (n = 11) 63.2 ± 9.8 0.09 ± 0.43 −0.07 ± 0.08 0.00 ± 0.08

aP ≤ 0.05 versus opposite gender in same age group.
bP ≤ 0.05 versus same gender in opposite age group.
cP ≤ 0.05 versus opposite gender in opposite age group.

above-described findings. Analysis for leads II and
V1 are shown in Table 1.

Following DAB, heart rate significantly increased
from 64.3 ± 10.4 bpm at rest to 87.7 ± 15.6 bpm
after DAB. Age and gender differences persisted af-
ter DAB and were similar to findings observed at
rest (Table 2). ST height again was found to be high-
est in young men in leads V2–V4, followed by older
men, young women, and older women. Gender dif-
ferences were significant in the young subgroup at
J-point, 40 ms, and 80 ms, and in the older subgroup
at J-point and 40 ms. Age differences were signif-
icant in the male subgroup at 40 ms and 80 ms,
but no age differences were seen in the female sub-
group. Analysis for lead II and lead V1 are shown
in Table 2.

There was no effect of DAB on ST height at J-
point, and at 40 ms after the J-point in leads V2–
V4 (Fig. 3). At 80 ms after the J-point, autonomic
blockade tended to increase ST height in leads V2–
V4, particularly in young men. In lead II and lead
V1, autonomic blockade had no effect on ST height
at any cut-point.

There was no interaction between autonomic
blockade and sex on ST height at the J-point. How-
ever, an interaction between sex and the effect of
autonomic blockade was noted at 40 ms and at
80 ms after the J-point. In both cases men had a
slight increase in ST height, whereas women had lit-
tle change in ST height. This difference was present



256 � A.N.E. � July 2006 � Vol. 11, No. 3 � Endres, et al. � ST Height after Autonomic Blockade

Table 2. ST Height (in mm) in Leads V2–V4 for Each Age-Gender Subgroup at Each Cut-point after
DAB (Mean ± SD)

Lead V2−4 Heart Rate J-point 40 ms 80 ms

Young men (n = 16) 93.3 ± 14.8a,b,c 0.70 ± 0.71a,c 1.59 ± 1.0a,b,c 2.77 ± 1.63a,b,c

Young women (n = 14) 98.9 ± 12.6b,c 0.11 ± 0.40c 0.34 ± 0.47c 0.77 ± 0.75
Older men (n = 9) 76.7 ± 6.9 0.56 ± 0.52a 0.72 ± 0.51a 1.10 ± 0.66
Older women (n = 11) 74.6 ± 9.0 0.0 ± 0.26 0.29 ± 0.38 0.55 ± 0.53
Lead V1

Young men (n = 16) 93.3 ± 14.8a,b,c 0.11 ± 0.36 0.49 ± 0.50 0.73 ± 0.67
Young women (n = 14) 98.9 ± 12.6b,c −0.03 ± 0.22 0.19 ± 0.37 0.34 ± 0.49
Older men (n = 9) 76.7 ± 6.9 0.24 ± 0.46 0.42 ± 0.46 0.53 ± 0.58
Older women (n = 11) 74.6 ± 9.0 0.06 ± 0.16 0.27 ± 0.14 0.35 ± 0.20

Lead II
Young men (n = 16) 93.3 ± 14.8a,b,c 0.29 ± 0.53 0.49 ± 0.58a,b,c 0.84 ± 0.79a,b,c

Young women (n = 14) 98.9 ± 12.6b,c 0.06 ± 0.27 0.01 ± 0.23 0.20 ± 0.28
Older men (n = 9) 76.7 ± 6.9 0.27 ± 0.57 0.16 ± 0.28 0.27 ± 0.39
Older women (n = 11) 74.6 ± 9.0 0.06 ± 0.38 −0.02 ± 0.21 0.09 ± 0.30

aP ≤ 0.05 versus opposite gender in same age group.
bP ≤ 0.05 versus same gender in opposite age group.
cP ≤ 0.05 versus opposite gender in opposite age group.

in leads V2–V4, but not in lead V1 or in lead II.
Correcting these analyses for QRS height produced
similar results with the exception that sex differ-
ence in the effects of autonomic blockade was also
significant in lead I at 40 ms and 80 ms after the
J-point.

DISCUSSION

The major new finding of the present study
is that while resting sympathetic and parasympa-
thetic tone may exert some effect on ST height,
these effects are not responsible for the age and sex
differences in ST height. ST elevation on the 12-
lead surface ECG is predominantly seen in young
men.1,5,13 Its persistence after DAB blockade sug-
gests that intrinsic gender and age differences, per-
haps due to sexual hormones, play a major role.
In addition, differences in autonomic tone are not
the mechanism for ST elevation in young men in
that ST height was unchanged or increased in young
men following autonomic blockade.

Experimental studies have shown that the in-
creased ST height, or J Wave, as seen in early repo-
larization and the Brugada syndrome, may be due
to regional differences in the distribution of specific
ion currents in the ventricular wall that produce a
transmural gradient in current flow. One of these
currents is the transient outward potassium current
Ito. Transmural dispersion of this current provides
a voltage gradient over the ventricular wall that

manifests as J-point or ST-height elevation on the
12-lead surface ECG.16,17 IKs, too, has been shown
to be distributed differently throughout the ventric-
ular wall with a smaller contribution of IKs in cells
from the M region.18 ST elevation in the arrhythmo-
genic Brugada syndrome has been shown to be due
to regional differences in Ito as well.19,20 Di Diego
et al.19 showed in a canine model that the Bru-
gada phenotype is the result of a more prominent
Ito in the epicardium of the right ventricle of male
canines compared to female canines.

Sex hormones such as testosterone have been
postulated to modulate ST height and the develop-
ment of ST elevation in young men. Increases in
ST height, for example, have been shown to oc-
cur predominantly in adolescent males after pu-
berty,21 and a decline in ST height in men oc-
curs with increasing age.1,3,21,22 The decline in ST
height with age has been thought to be due to age-
dependent changes in men rather than women.4

These observations would therefore suggest that
changes in testosterone levels during puberty and a
decline of testosterone level in men with increasing
age may be responsible for, or related to, changes
in ST height. Studies in normal women, castrated
men, and women with virilization syndrome found
that testosterone likely plays an important role.4

Matsuo et al.23 reported two cases with the Bru-
gada syndrome in whom the Brugada ECG pattern
disappeared after orchiectomy for prostate cancer,
suggesting testosterone plays a major role in the



A.N.E. � July 2006 � Vol. 11, No. 3 � Endres, et al. � ST Height after Autonomic Blockade � 257

Figure 3. ST height (in mm) at the J-point 40 ms and
80 ms after the J-point and leads V2–V4 at rest and after
double autonomic blockade. See text for details.

Brugada phenotype of repolarization, too. The dis-
covery of testosterone receptors in the atria and
ventricles,8,10 as well as androgen messenger RNA
in human cardiac myocytes,24 supports these con-
clusions.

Increased vagal tone in young men is another
factor that has been suggested to contribute to the
prominence of ST elevation in young men. Demir
et al.12 used spectral heart rate variability analysis
in patients with ER to assess the activity of parts
of the autonomic nervous system and suggested an
increased vagal tone, rather than a decreased sym-
pathetic tone, to be responsible for increased ST
height in young men. Haydar et al.25 suggested
that slower heart rates and higher ST heights are
of vagal origin in patients with early repolarization

by showing increased aerobic capacity in their pa-
tients, which reflects increased vagal tone.

Sympathetic influence on ST height has also been
studied. Patients with spinal cord injury, thus dis-
ruption of central sympathetic outflow, were found
to have considerably elevated ST height, which sug-
gested that sympathetic activity may modulate ST
height.26 Exogenous stimulation with isoproterenol
in these patients markedly decreased ST height.
Thus, central sympathetic activity, as well as ex-
ogenous sympathetic activation (isoproterenol), are
thought to be able to influence ST height.

In the present study, DAB was performed to elim-
inate both vagal and sympathetic influences on ST
height. Since the predominance of ST-segment ele-
vation in young men persisted after DAB, we con-
clude that increased ST height in young men is
due to intrinsic differences between gender and age
groups, rather than to autonomic influence. This
does not exclude that ST height may be modulated
by the autonomic system in general, but suggests
that dramatic ST elevation seen in young men is
not due to an alteration in autonomic tone. Intrin-
sic gender and age differences in ST height may be
due to sexual hormonal influences or other factors.

Slower heart rates have also been thought to be
responsible for ST elevation in young men. It has
been suggested that heart rate possibly alters ion
currents activity and therefore ST height. Lehman
and Yang 13 found decreased ST height with in-
creasing resting heart rate in their male subset of
study subjects using spatial ST-T vector variables.
Heart rate changes in the form of rapid pacing have
been shown to alter ion current activity,27 repolar-
ization, and ST height. In our study, heart rate at
rest was not significantly different among the four
groups and thus was not responsible for sex and
age differences in ST height.

LIMITATIONS

There are several limitations to the present study.
First, our study population included only a small
number of subjects. Secondly, effects of heart rate
on ST height were not independently studied. How-
ever, the purpose of the present study was to de-
termine whether differences in ST height between
sexes and different age groups that had been pre-
viously described were predominantly due to dif-
ferences in resting autonomic tone and the results
of the present study refute this hypothesis. Finally,
patients with “early repolarization syndrome” were
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not specifically studied. Since this syndrome has
been described predominantly in young men, in-
cluding patients with early repolarization alone
would not have allowed us to compare different
age and sex subgroups.
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