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EDITORIAL

The Role of Testosterone and
Gonadotropins in Arrhythmogenesis

Arja S. Vink, MD, MSc; Pieter G. Postema “=/, MD, PhD

scribed a shorter heart rate corrected QT interval

(QTc) in adult men compared with women. In the
past decades, we have learned that this difference is
not present during the first months of life but arises
during puberty. Throughout puberty, the QTc shortens
in male but not in female adolescents. This sex differ-
ence decreases with age during adulthood because
of progressive QTc lengthening in men. As a result, no
clear sex differences are present in the age group of
>60 years. It is thus thought that sex hormones play
a role in the relationship between QTc, age, and sex.
However, the mechanisms underlying the influence of
sex hormones on the repolarization are complex and
still incompletely resolved. It has been suggested that
the presence of nuclear and cytosolic receptors for
sex hormones within the cardiovascular system and
neuroregulatory tissues' exerts direct and indirect ef-
fects on the cardiovascular system and may regulate
gene expression. From observational studies, we have
learned that testosterone decreases the L-type cal-
cium current and increases certain potassium chan-
nel currents, and may shorten the action potential
and consequently QTc through these mechanisms.?
The concentration of testosterone is regulated by the
hypothalamic-pituitary-gonadal axis. During puberty,
the hypothalamic-pituitary-gonadal axis becomes ac-
tivated® and therefore a higher concentration of tes-
tosterone is found during this period compared with
childhood, presumably resulting in a QTc shortening in
male subjects. In adulthood, the level of testosterone
gradually decreases with age in men,* explaining why
with aging, the QTc in men gradually lengthens and
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approximates that of women. What makes the influ-
ence of sex hormones on the repolarization even more
complex is that there also seems to be an interaction
between sex hormones and gonadotropins. Especially,
follicle-stimulating hormone (FSH) appears to inde-
pendently prolong ventricular repolarization, resulting
in QTc prolongation, although the exact mechanisms
by which the ion currents involved in cardiac repolar-
ization are affected are still under study.® In second-
ary hypogonadotropic hypogonadal men (presenting
with both low FSH and testosterone concentrations),
no difference in QTc was seen compared with healthy
controls, which could be because of opposing actions
of low FSH and low testosterone on repolarization.® In
contrast, men with peripheral hypogonadism (present-
ing with high FSH and low testosterone concentrations)
had longer QTc compared with healthy men.”

See Article by Hasegawa et al.

Age- and sex-related differences in QT-related ar-
rhythmogenesis are most clear from previous studies
in patients with long-QT syndrome (LQTS) who have a
genetically determined impaired repolarization reserve.
The genesis of LQTS-related cardiac events is largely
dependent on the degree of QTc prolongation, indeed
with a complex interaction with age, sex, and geno-
type.? As an example, boys with LQTS type 1 have a
>2-fold increased QT-related cardiac event risk com-
pared with girls, whereas after the onset of puberty
the risk for events is similar for both male and female
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subjects. In patients with LQTS type 2, boy and girl
event rates are similar, but female subjects with LQTS
type 2 have a higher event rate after the onset of pu-
berty compared with male subjects.® Hence, sudden
changes in concentrations of sex hormones appear to
modulate arrhythmogenesis in these patients, because
changes in events appear during/after the onset of pu-
berty. A differing sensitivity to changes in sex hormone
concentrations between these genotypes is further-
more suspected, as female subjects with LQTS type 2
(impaired function of HERG Kv11.1 channels responsi-
ble for the rapid delayed rectifier current /) experience
more cardiac events than female subjects with LQTS
type 1 (impaired function of Kv7.1 channels responsible
for the slow delayed rectifier current /) after puberty.
Indeed, there appears to be differential sensitivity of
these channels to different sex hormones, like testos-
terone, estrogen, and progesterone. This hypothesis
is underscored by the observation that women with
LQTS type 2 encounter a significantly increased event
risk during other periods of sudden changes in sex
hormone concentrations (eg, during the puerperium,
9 months postpartum, and the perimenopausal and
postmenopausal periods).'-12

Another clinical “model” of the influence of sex hor-
mones on QTc to increase our insights in QT-related
arrhythmogenesis comprises deliberate interactions
with the hormonal system. In this issue of the Journal
of the American Heart Association (JAHA), Hasegawa
and colleagues®™ did just that. They show that med-
ical castration in men with prostate cancer, thereby
suppressing testosterone with gonadotropin-releasing
hormone analogues, prolongs the QTc (416+27 ms
to 439+31 ms; P<0.001). In general, the extent of
QTc prolongation was modest and not clinically rele-
vant. However, 2 patients had QT-related arrhythmia
(torsades de pointes [TdP]) >6 months after receiving
medical castration. Although the incidence of a pro-
longed QTc was similar between the patients with
and without TdP, patients with TdP nevertheless had
a greater increase in QTc (AQTc) during therapy com-
pared with the pretherapy baseline value. From a pre-
vious study on men with endocrine hypogonadism
and acquired LQTS who developed TdP, we learned
that hypogonadism also appears to alter the T-wave
morphological features beyond simple QTc prolonga-
tion." Similarly, the 70-year-old man, who is described
in more detail by Hasegawa and colleagues, showed
abnormal T-wave morphological features and possibly
also larger U-waves in V2 to V4, a phenomenon that
can also be seen in patients with LQTS.'5'® Both the
larger magnitude of the AQTc as well as the abnormal
T-wave morphological features indicate abnormal re-
polarization reserve and larger repolarization heteroge-
neity in the patients who developed TdP during therapy
with  gonadotropin-releasing hormone analogues,
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compared with the patients who did not develop TdP.
As also suggested by the authors, it is possible that
in this group of men aged =75 years (in whom levels
of testosterone are naturally decreasing, resulting in
a gradual prolongation of the QTc), differing sensitiv-
ity to changes in testosterone and FSH concentra-
tions is present compared with male patients aged
<60 years. This hypothesis is reinforced by previous
data in hospitalized patients receiving QTc-prolonging
agents, showing that TdP is more common in older
(aged >65 years) than in younger patients.! In addition,
also in patients with LQTS, it is well known that there
are differences in the amount of QT prolongation and
the susceptibility to cardiac events, which are in part
explained by genetic variability between individuals.'®
Such variability will undoubtedly also play an important
role outside LQTS, and will likely explain part of the ob-
served variability by Hasegawa and colleagues.
Medical castration, suppressing testosterone with
gonadotropin-releasing hormone analogues, can thus
not only cause QTc prolongation but also malignant
QT-related arrhythmia. Noteworthy, an accompany-
ing effect of medical castration is modulation of the
ST segment. Low testosterone concentrations seem
to decrease ST segments: in secondary hypogonad-
otropic hypogonadal men and (medically) castrated
men, the J-point amplitude is significantly lower com-
pared with healthy men®7; and in patients with pros-
tate cancer with asymptomatic Brugada syndrome,
the typical coved-type ST-segment elevation disap-
peared after orchiectomy.'® Interestingly, in one studly,
men with Brugada syndrome manifested significantly
higher testosterone levels than healthy men.?® Surgical
of medical castration may therefore be of value in pre-
venting malignant ST-segment related arrhythmias.
The exact mechanisms by which this occurs are also
not yet explained. It has been observed that testoster-
one alters the Kv4.3 channel responsible for the tran-
sient outward current /,,, which could have a role in
Brugada syndrome, but whether there is also an effect
on the Nav1.5 channel responsible for the fast inward
depolarizing sodium current /, is currently unclear.
Taken together, Hasegawa and colleagues showed
us that especially in older male patients who receive
medical castration, QTc monitoring is mandatory to
prevent severe QTc prolongation and prevent malig-
nant QT-related arrhythmias. As mentioned before, the
extent of QTc prolongation following medical castra-
tion may be small and not clinically relevant in most
patients; it may, however, lead to dangerous QT pro-
longation in individuals who have a reduced repolar-
ization reserve, either genetically or secondary to the
use of QT-prolonging drugs. In the absence of spe-
cific measures for different patient categories, gen-
eral precautions would apply to this finding: when the
QTc is >500 ms or if there has been an increase of at
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least 60 ms compared with baseline values, additional
awareness should emerge. This involves evaluations
on other QT-prolonging drugs (considering the possi-
bilities to limit drug exposure), potassium plasma levels
(considering the possibilities to increase plasma levels
and thereby reduce the QT interval), and continuation
of the testosterone suppression (discontinuing or low-
ering of the therapy should be considered). The latter
is also not a simple task as a certain chance of ma-
lignant arrhythmias versus incomplete suppression of
prostate cancer needs delicate balancing, preferably
together with the patient.
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