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Abstract

A prolonged QT interval is a marker for an increased risk of ventricular tachyarrhythmias. Both endogenous and
exogenous sex hormones have been shown to affect the QT interval. Endogenous testosterone and progesterone
shorten the action potential, and estrogen lengthens the QT interval. During a single menstrual cycle, proges-
terone levels, but not estrogen levels, have the dominant effect on ventricular repolarization in women. Studies
of menopausal hormone therapy (MHT) in the form of estrogen-alone therapy (ET) and estrogen plus proges-
terone therapy (EPT) have suggested a counterbalancing effect of exogenous estrogen and progesterone on the
QT. Specifically, ET lengthens the QT, whereas EPT has no effect. To date, there are no studies on oral con-
traception (OC) and the QT interval, and future research is needed. This review outlines the current literature on
sex hormones and QT interval, including the endogenous effects of estrogen, progesterone, and testosterone and
the exogenous effects of estrogen and progesterone therapy in the forms of MHT and hormone contraception.

Further, we review the potential mechanisms and pathophysiology of sex hormones on the QT interval.

Introduction

THE ELECTROCARDIOGRAM (ECG) is a useful noninvasive
tool for the diagnosis and prognosis of a wide range of car-
diovascular conditions. A typical ECG tracing of the cardiac
cycle consists of a P wave, a QRS complex, and a T wave. The
QT interval on the ECG, measured from the beginning of the
QRS complex to the end of the T wave, represents the duration
of activation and recovery of the ventricular myocardium.
Corrected QT (QTc) takes into account the physiologic
shortening of the QT with increases in heart rate and has
commonly been calculated using Bazett’s formula (QTc=
QT/ jrr) Other heart rate correction formulas are also avail-
able, including Fridericia’s formula, which uses the cube root
of RR. These methods are limited by overcorrection at faster
heart rates and undercorrection at slower heart rates. As a
result, linear regression formulas for QT correction have been
developed and are preferred to Bazett’s and Fridericia’s
formulas.!

A prolonged QTc interval is a marker for an increased risk
of ventricular tachyarrhythmias, specifically torsades de pointes
(TdP), and of sudden cardiac death (SCD).? Female gender is
an independent risk factor for developing drug-related TdP.?
Further, although SCD is more common in men than women,*
women who experience SCD are less likely to have coronary
heart disease (CHD) as the culprit etiology and less likely to

have a prior history of heart disease than men.® Thus, the
ongoing study into arrhythmic mechanisms of SCD in women
and such risk markers as the QT interval has been an impor-
tant area of research over the past decade.

Both endogenous and exogenous sex hormones have been
shown to affect the QT interval.*" Endogenous testosterone
and progesterone shorten the action potential®**! and estrogen
lengthens the QT interval in animals.'’ During a single men-
strual cycle, progesterone levels but not estrogen levels have
the dominant effect on ventricular repolarization in women.*?
Studies of menopause hormone therapy (MHT) in the form of
estrogen-alone therapy (ET) and estrogen plus progesterone
therapy (EPT) have suggested a counterbalancing effect of ex-
ogenous estrogen and progesterone on the QT. Specifically, ET
lengthens the QT while EPT has no effect.®” To date, there are
no studies on oral contraception (OC) and the QT interval. The
new fourth generation OC, which are nontestosterone derived
and antiandrogenic, might contribute to overall lengthening of
the QT interval, and studies are needed.

This review outlines the current literature on sex hormones
and QT interval, including the endogenous effects of estrogen,
progesterone, and testosterone and the exogenous effects of
estrogen and progesterone therapy in the forms of MHT and
hormone contraception. Further, we review the potential
mechanisms and pathophysiology of sex hormones on the QT
interval.
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Endogenous Sex Hormones and QT interval

Adult men have shorter QTc intervals than women.'? This
gender difference is absent at birth and in young children."
Throughout puberty, the QTc interval in males shortens by 20
msec, whereas the QTc of females remains unchanged, re-
sulting in a 6% shorter QTc in males compared to females.'*
With aging, the QTc in men gradually lengthens and ap-
proximates that of women by the age of 50."* This suggests
that gender differences exist in the QTc interval.

Observational and small prospective interventional studies
have supported an association between testosterone and
shorter ventricular repolarization. Van Noord et al.'® studied
random testosterone samples and QTc¢ intervals in 445 males
from the Rotterdam study cohort and 1,428 males from the
Study of Health In Pomerania (SHIP). They found that QTc
intervals decreased with increasing tertiles of endogenous
testosterone (p value for trend=0.024). Similarly, Zhang
et al.'! evaluated 727 men enrolled in the Third National
Health and Nutrition Examination Survey (NHANES III).
They demonstrated that middle-aged men with the highest
quartile of endogenous total testosterone (>6.0ng/mL)
had significantly shorter uncorrected QT intervals (by 8.5
msec) than those with the lowest quartile (<3.3ng/mL)."
Charbit et al.'® recorded digital ECGs at low (median
level=52.6 nmol/L), medium (median level =35.8 nmol /L),
and high (median level =6 nmol/L) levels of testosterone in
11 hypogonadic men after a single injection of testosterone.
The QTc interval was significantly shorter at high testos-
terone levels than at low levels (mean difference of 13.6
msec, p=0.0007), and a negative linear relationship was
demonstrated between QTc and testosterone levels
(p=0.004). Percori Geraldi et al.V” compared the QTc in 26
men with hypogonadism to the QTc in 26 age-matched
controls. They reported a higher prevalence of a prolonged
QTc in hypogonadal men (15%) than in controls (0%)
(p<0.05) and demonstrated normalization of the QTc after
testosterone therapy. Finally, a case-control study with 27
orchiectomized men with no exogenous testosterone ther-
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apy and 53 nonorchiectomized controls demonstrated that
orchiectomized men had significantly longer JTc intervals
(from the start of the ] wave to the end of the T wave) than
nonorchiectomized men (p < 0.01).'® These studies support
the role of testosterone in QT shortening.

Conflicting results of endogenous estrogen on the QT in-
terval have been described. Saito et al.'® compared the QTc of
mice with high endogenous estrogen to the QTc of ovariec-
tomized mice with no detectable endogenous estrogen. They
found a significantly shorter QTc in the ovariectomized group
(p<0.05). Further, when estradiol was added back to the
ovariectomized group, the QTc lengthened to presurgical
values. In humans, these results have not been replicated. De
Leo et al.'” studied the QTc of 26 premenopausal women
before and after bilateral oophorectomy. Estradiol levels
dropped significantly from 67+20pg/mL to 15+5pg/mL
postoophorectomy, but the authors were unable to detect a
significant change in the QTc 2025 days after surgery.
Finally, Saba et al.** compared 36 premenopausal women
(mean age 36 years) to 65 postmenopausal women (mean age
72 years). They found no significant difference between the
average QTc of premenopausal (405+21 msec) and post-
menopausal (419 £30 msec) women (p=NS) despite signifi-
cantly lower estradiol levels in the postmenopausal group. All
the studies cited used Bazett’s formula to correct for QTgc;
thus, the differences in results cannot be explained by the
method of QTc¢ correction.

Progesterone shortens the action potential duration and QT
interval in women.®® The best evidence for this finding has
been derived from studies on QT alterations during the
menstrual cycle. During a single menstrual cycle, estrogen
and progesterone levels fluctuate; estrogen levels are lowest at
the onset of menses and peak at ovulation approximately
11-13 days later. Estrogen levels gradually increase during
the follicular phase and fall in the luteal phase (Fig. 1). Pro-
gesterone levels, in contrast, are low during the follicular
phase and increase through the luteal phase.

Studies have reported conflicting results of the hormonal
fluctuations observed during a single menstrual cycle on the
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FIG. 1. Estrogen and progesterone levels over a single menstrual cycle in women.
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QT interval. Hulot et al.?! studied the QTc (corrected for heart
rate [HR] using a regression formula) of 21 healthy women
with regular menstrual cycles and did not find a difference in
QTc duration between menses (taken 24 hours after onset)
and preovulation (taken 14 days before the next menstrual
cycle) (p=0.98). Similarly, Burke et al.** did not demonstrate a
difference in QTc (corrected for HR using Bazett’s formula)
duration between the menstrual (taken within 4 days of the
onset of menses), follicular (taken days 12-14 of the cycle), and
luteal (taken 6-8 days after ovulation) phases of 23 healthy
premenopausal women during resting conditions. With
double autonomic blockade consisting of atropine and pro-
pranolol administration, however, the QTc was shorter in the
luteal phase (438 msec) compared to the menstrual (446 msec)
and follicular (444 msec) phases (p=0.05), suggesting an im-
portant role for autonomic tone in alterations in the QTc
during the menstrual cycle. Rodriguez et al.” examined QTc
responses (corrected for HR using Bazett’s formula) to ibuti-
lide, an antiarrhythmic, in 58 healthy premenopausal women
with normal menstrual cycles. They reported the greatest in-
crease in QTc during the menstrual (taken 24 hours after the
onset of menses) and ovulatory (taken 24 hours after a posi-
tive urine ovulation test) phases compared to the luteal phase
(taken 7-9 days after ovulation) (p=0.02). Further, they re-
ported that measured progesterone levels, but not estrogen,
were inversely correlated with ibutilide-induced QTc pro-
longation (r=-.40, p=0.01 for progesterone; r=0.14, p=0.28
for estrogen). Nakagawa et al.® reported longer QTc intervals
during the follicular phase (taken days 7-12 after the onset of
menses) than the luteal phase (taken days 18-26 after the
onset of menses) in healthy women aged 18-32 years on
Holter ECG recordings (p <0.05). They too found no correla-
tion with estrogen levels but an inverse relationship between
high progesterone levels and QT length.

In summary, endogenously, testosterone and progesterone
shorten the action potential. Estrogen lengthens the QT in-
terval in animals; however, this has not been supported by
human studies. Further, studies on the menstrual cycle indi-

935

cate that fluctuations in progesterone levels and not estrogen
levels has the dominant effect on ventricular repolarization in
women.*’ A summary of the effects of endogenous and ex-
ogenous hormones on the QT interval in addition to the re-
sponsible mechanisms is displayed in Table 1. Further, a
summary of the endogenous hormone studied, method of
QTc correction, study population and design, and major
findings is shown in Table 2.

Exogenous Sex Hormones and QT Interval
Menopause hormone therapy and QT interval

MHT in terms of ET and EPT and the effects on the QT
interval have been reported in numerous studies.®”**> These
studies define ET as 0.625mg/day of conjugated equine es-
trogen (CEE) and EPT as 0.625mg/day of CEE plus 2.5mg/
day of medroxyprogesterone (MPA). A retrospective study
by Larsen et al.*> on 277 postmenopausal women in the Wo-
men’s Cardiology Screening database at the Northwestern
Medical Faculty Foundation found no difference in the QTc of
women on MHT (426 msec) compared to women not on MHT
(423 msec) (p=NS). This study, however, did not separate
MHT into ET or EPT. Further, they corrected for the QTc using
both Bazett’s and linear regression methods and found no
significant difference in the results based on method of cor-
rection. Kadish et al.® reported on 34,378 postmenopausal
women from the Women’s Health Initiative (WHI) and did
stratify by ET and EPT. They found that women on ET had
significantly longer QTc intervals (corrected for HR by both
Bazett’s and linear regression methods) compared with wo-
men who were never treated with MHT (p <0.05). Women on
EPT, in contrast, had no difference in QTc intervals compared
with controls. They too corrected for HR using both Bazett’s
and linear regression methods and found no significant in-
fluence of correction method on the results. These results were
further supported by Carnethon et al.” who studied 3,101
women from the Atherosclerosis Risk in Communities cohort.
They reported that the likelihood of QTc prolongation in

TABLE 1. SUMMARY OF EFFECTS AND MECHANISMS OF ENDOGENOUS AND EXOGENOUS ESTROGEN,
PROGESTERONE, AND TESTOSTERONE ON QT INTERVAL

Estrogen effect on QT

Progesterone effect on QT

Testosterone effect on QT

Endogenous hormone
studies

Animal studies support
overall QT lengthening;
human studies have
found no change

Studies of ET support
QT lengthening

Hormone replacement
therapy studies

Hormonal contraception No studies performed
studies to date

Menstrual cycle studies
support overall QT
shortening

Studies of EPT have found
no change in the QT,
thus supporting a counteractive
role for progesterone
against estrogen
No significant change
in QTc with progestin

Observational human
studies support overall
QT shortening

Studies of normalization
of the QT with testosterone
therapy in hypogonadal
men support a QT shortening
effect of testosterone
N/A

only subdermal
implant device

Proposed mechanisms  Suppression of Ik, Ik,

and Ix; channel currents

Upregulation of I
and suppression of I, .
channel currents

Upregulation of Ik, Ik,
and Ix; and suppression
of I, 1, channel currents

EPT, estrogen plus progesterone therapy; ET, estrogen-alone therapy; Ica,1, L-type calcium channel; Ix,, rapidly activating delayed rectifier
potassium channel; Ixs, slowly activating delayed rectifier potassium channel; Ix; inward rectifier channel; QTc, corrected QT interval.
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TABLE 2. SUMMARY OF STUDIES EXAMINING EFFECTS OF ENDOGENOUS HORMONES ON THE QTcC

Hormone tested

Citation

Method of QT correction

Study population and design

Main findings

Testosterone

Testosterone

Testosterone

Testosterone

Testosterone

Estrogen

Estrogen

Estrogen

Estrogen

Van Noord et al.'®

Zhang et al."

Charbit et al.'®

Percori Geraldi
et al.’”

Bidoggia et al."®

Saito et al.l®

De Leo et al.'’

Saba et al.?’

Hulot et al.?*

Bazett’s formula

Uncorrected QT

QT interval was
taken at a
predetermined
RR interval
of 1000 msec

Bazett’s formula

JTc intervals
(from start of J
wave to end
of T wave,
corrected for by
Bazett’s formula)
QTc=QT/ yrr/100
(variation on
Bazett’s formula)

Bazett’s formula

Bazett’s formula

Regression formula

Studied testosterone
levels and QTc¢ in
445 males from
Rotterdam study
cohort and 1428
males from Study
of Health In Pomerania
(SHIP)

Studied QT and
endogenous
testosterone levels
in 727 men enrolled
in Third National
Health and Nutrition
Examination Survey
(NHANES I1I)

Studied QTc and
endogenous
testosterone levels
in 11 hypogonadal
men after single
injection of exogenous
testosterone

Measured QTc in
26 men with
hypogonadism
before and after
testosterone therapy
compared to
26 age-matched
controls

Studied JTc in 27
orchiectomized men
with no exogenous

testosterone therapy and

53 nonorchiectomized
controls

Measured QTc in mice
with high endogenous
estrogen compared to
ovariectomized mice
with no detectable
endogenous estrogen

Measured estradiol levels
and QTc in 26
premenopausal women
before and after
bilateral oophorectomy

Compared QTc and
estradiol levels in 36
premenopausal women
to 65 postmenopausal
women

Measured QTc and
estradiol levels during

menses and preovulation

of 21 healthy women
with regular menstrual
cycles

QTc intervals decreased
with increasing tertiles
of endogenous
testosterone

Middle-aged men with
highest quartile of
endogenous total
testosterone had
significantly shorter
uncorrected QT intervals
(by 8.5 msec) than those
with the lowest quartile

QTc was significantly
shorter at high
endogenous testosterone
levels than low levels
after single injection of
testosterone

Higher prevalence of
prolonged QTc in
hypogonadal men
than in controls and
normalization of
prolonged QTc after
testosterone therapy

Orchiectomized men
had significantly longer
JTc intervals than
nonorchiectomized men

Significantly shorter QTc
in ovariectomized group;
when estradiol was added
back to ovariectomized
group, QTc lengthened
to presurgical values

Estradiol levels dropped
significantly
postoophorectomy
with no significant
change in QTc

No significant difference
between QTc of
premenopausal and
postmenopausal women
despite significantly
lower estradiol levels
in postmenopausal group

No difference in QTc
duration between menses
and preovulation despite
large differences in
estradiol at different
phases

(continued)
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TaBLE 2. (CONTINUED)

Hormone tested Citation

Method of QT correction

Study population and design Main findings

Hormones Burke et al.?? Bazett’s formula

not measured

Progesterone Rodriguez et al’ Bazett’s formula

Progesterone Nakagawa et al.'>  Bining method
(pairs of RR
and QT intervals
are collected and
distributed into
“bins” according
to immediately

preceding RR value)

Measured QTc in 23 healthy No difference in QTc
women with normal between menstrual,
menstrual cycles during follicular, and luteal
menstrual, follicular, phases during resting
and luteal phases before conditions; QTc was
and after double shorter in luteal phase
autonomic blockade compared to menstrual
and follicular phases
with double autonomic
blockade

Greatest increase in QTc
during menstrual and

Examined QTc responses
to ibutilide, an

antiarrhythmic, ovulatory phases
in 58 healthy compared to luteal
premenopausal phase; progesterone

women with normal
menstrual cycles

levels, but not estrogen,

were inversely correlated

with ibutilide-induced

QTc prolongation
Longer QTc intervals

during follicular than

luteal phase;

no correlation with

estrogen levels but

an inverse relationship

between high

progesterone levels

and QT length

Examined QTc during
different phases of
menstrual cycle in
healthy women aged
18-32 years on Holter
ECG recordings

women on ET was nearly twice that compared to women
never treated with MHT (odds ratio [OR] 1.9, 95% confidence
interval [CI] 1.2-2.0). EPT, in contrast, was not significantly
associated with QTc length (OR 1.1, 95% CI 0.6-1.9). These
studies suggest a counterbalancing effect of exogenous oral
estrogen and progesterone on the QTc.

One study to date has examined the effects of transdermal
MHT on the QTc. Nowinski et al.** randomized 60 post-
menopausal women into three groups: oral CEE 0.625mg/
day for 18 days followed by 10 days combined with oral MPA
5mg/day, transdermal 17f-estradiol 50 ug/24 hours for 18
days followed by 10 days combined with oral MPA 5mg/
day, and transdermal placebo for 18 days followed by 10 days
combined with oral placebo tablets. They measured QTc in-
tervals at baseline and at 6 and 12 months and found no sig-
nificant difference in QTc among the three different groups at
any of these time intervals.

In summary, exogenous ET lengthens the QT, whereas EPT
has no effect. This suggests a counterbalancing effect of ex-
ogenous estrogen and progesterone on the QTc. A summary
of the exogenous hormones studied, method of QTc correc-
tion, study population and design, and major findings is
displayed in Table 3. At this time, there is no evidence to
suggest that the route of delivery has any effect on QT alter-
ations with MHT, although further studies need to be done.

Hormonal contraception and QT interval

In general, hormonal contraception, such as that used OC
pills, use doses of estrogen and progesterone that are 5-10-
fold higher than that of MHT. To date, four generations of OC

by progestin type have been developed: first and second
generation OCs have progestins that are androgenic with
relatively high levels of estrogen. The third generation OCs
have progestins that are less androgenic, and fourth genera-
tion OCs are nontestosterone derived and antiandrogenic. As
estrogen lengthens the QT and testosterone and progesterone
shorten ventricular repolarization, it can be hypothesized that
the different generations of hormonal contraception might
contribute to the QT interval according to Table 4.

To date, no studies have been performed on OC and the QT
interval, although research is currently underway. Specifi-
cally, the fourth generation OCs currently approved for
noncontraceptive indications, such as acne and premenstrual
dysmorphic disorder, are in widespread use and have a rel-
atively unknown cardiovascular safety record. Because of the
difference in progestin preparation, the fourth generation OCs
might contribute to overall lengthening of the QT and asso-
ciated cardiovascular risk.

A single study of a progestin-only subdermal implant de-
vice measured the QTc preinsertion and at 3, 6, and 12 months
of use.”” They found that the QTc increased over the 1-year
study period, but this did not reach statistical significance
compared to baseline (p=0.48). Thus, further studies are
needed to clarify the interaction between hormonal contra-
ceptive therapy and QT.

Mechanisms and Pathophysiology of Sex
Hormonal Effects on QT Interval

The electrical events underlying the QT interval correspond
with the phases of action potential (AP) generation at the
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TABLE 3. SUMMARY OF STUDIES EXAMINING EFFECTS OF ExoGENOUS HORMONES oN QTc

Hormone therapy Method of QT

tested Citation correction Study population and design Main findings
MHT Larsen et al.?® Bazett’s and linear Compared QTc of women No difference in QTc
regression on MHT and not on MHT (by either correction
among 277 postmenopausal method) of women on
women in the Women’s MHT compared to women
Cardiology Screening not on MHT
database
MHT Kadish et al.® Bazett’s and linear Compared QTc in women Women on ET had
regression on ET or EPT compared significantly longer
to controls in 34,378 QTc intervals compared
postmenopausal women with women who were
from the WHI never treated with MHT
(by either correction
method); women on EPT
had no difference in QTc
compared with controls
MHT Carnethon et al.”  Bazett’s formula Compared QTc of women Likelihood of QTc
on ET or EPT compared prolongation in women
to controls in 3,101 women on ET was nearly twice
from Atherosclerosis Risk that compared to women
in Communities cohort never treated with MHT;
EPT was not significantly
associated with QTc length
MHT Nowinski et al.?*  Bazett’s formula  Randomized 60 postmenopausal No significant difference
women into three groups: in QTc among the three
oral CEE/oral MPA, different groups at baseline,
transdermal 17B-estradiol/oral 6 months, and 12 months
MPA, and transdermal
placebo/oral placebo
and measured QTc
Hormonal Okeahialam et al.?®> Bazett’s formula  Measured QTc in 21 patients QTc increased at 1 year
contraception on a progestin-only compared to baseline;

however, this did not
reach statistical significance

subdermal inplant and
at 3, 6, and 12 months of use

CEE, conjugated equine estrogen; MHT, menopause hormone therapy; WHI, Women'’s Health Initiative.

cellular level (Fig. 2). Specifically, the interval between the
onset of the Q wave and the beginning of the S wave corre-
sponds to the initial rapid upstroke of the AP (phase 0) and the
early phase of repolarization (phase 1). The interval between
the S wave and the peak of the T wave corresponds to the
plateau phase of the AP (phase 2), and the peak of the T wave
to the end of the T wave corresponds to the final repolariza-
tion phase (phase 3). The duration of the AP (and, therefore,

TaBLE 4. PROPOSED EFFECTS OF DIFFERENT GENERATIONS
oF HorRMONAL CONTRACEPTIVES ON QT INTERVAL

Progestin ~ Overall
Estrogen effect effect
effect on QT on QT on QT
First generation OC ™ ) !
Second generation OC 1 1 /|
Third generation OC 1 ! And
Fourth generation OC 1 1 (N

OC, oral contraception.

the duration of QT) is most affected by alterations in phases 2
and 3.%° During phase 2, the L-type calcium channel current
(IcaL) plays a dominant role.?” Upregulation of I, 1, channel
currents lengthens the QT, whereas downregulation shortens
the QT. During phase 3, the delayed rectifier potassium
channel currents (consisting of the rapidly activating (Ix,) and
slowly activating (Ixs) channel types) and the inward rectifier
current (Ix;) play a dominant role.?® Upregulation of these
channel currents shortens the QT, whereas downregulation
lengthens the QT.

Mechanistic studies suggest that testosterone, estrogen,
and progesterone have varying effects on the I, 1, Ixy, Ixs, and
Ix1 channel currents, providing a plausible mechanism for the
QT alterations described in humans.?** Testosterone de-
creases calcium channel current and increases potassium
channel current and may shorten the QT interval through
these mechanisms. For example, in the guinea pig model,
administration of 100nM of testosterone caused dose-de-
pendent shortening of the action potential duration through
suppression of Ic, 1 channels and enhancement of Ixs chan-
nels in ventricular myocytes. 2 Chronic testosterone treat-
ment in male rabbits led to faster AP repolarization through
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QRS
T wave
P wave /\_—
{ [ J
f
QT
Phase 1: 1m1,2
Phase 2: I,
Phase 0: Iy,

Phase 3: 'kr. Iks. ||(1

Phase 4: I,

FIG. 2. Correlation of the electrocardiogram (ECG) inter-
vals with the phases of the ventricular muscle action po-
tential and the ion channels responsible for each phase. I, 1,
L-type calcium channel; Iy, transient outward potassium
current; Iy,, rapidly activating delayed rectifier potassium
channel; I, slowly activating delayed rectifier calcium
channel; I,;, inward rectifier channel; I,,,, sodium current.

upregulation of Ix, and I, currents in the ventricle.*? Further,
testosterone treatment suppressed Ic, 1. expression in human
embryonic kidney 293 (HEK293) cell lines.*

Estrogen decreases potassium channel current and may
lengthen the QT interval through this mechanism. For ex-
ample, in the guinea pig model, Tanabe et al.>* reported
lengthening of ventricular repolarization with 30 uM of 174-
estradiol through suppression of I, and Ixs currents. In the rat
model, 30 uM of 17f-estradiol lengthened the AP through
suppression of Iy, channels.?® Other estrogens, including es-
trone 3-sulfate, suppressed Ik, channel expression in HEK293
cell lines in a dose-dependent manner.>'

Finally, progesterone decreases calcium channel current
and increases potassium channel current and may shorten the
QT interval through these mechanisms. This is supported by
the observation that in the guinea pig model, progesterone
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administration shortened the AP duration through upregu-
lation of I currents and downregulation of I, 1. currents.® A
summary of the effects of estrogen, progesterone, and tes-
tosterone on ion channel expression in the myocyte is pro-
vided in Table 5.

Conclusions

Both endogenous and exogenous preparations of sex hor-
mones have been shown to affect the QTc interval. En-
dogenous testosterone and progesterone shorten the action
po’cen’cial,s'g'11 and estrogen lengthens the QTc interval in
animals.'” These effects occur through alterations in myo-
cardial I, 1, Iky, Ixs and Ixq channels, which control phases 2
and 3 of the cardiac action potential. Exogenous ET lengthens
the QTc interval, and EPT has no effect.>” This supports a
counterbalancing effect of estrogen and progesterone on ac-
tion potential duration. To date, no studies have examined the
effects of OC on the QTc. The newer fourth generation hor-
monal contraception preparations have progestins that are
antiandrogenic and may adversely impact the QT interval by
not counteracting the lengthening effects of estrogen. Future
research needs to be directed toward answering this impor-
tant research question.
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TaBLE 5. EFFECTS OF ESTROGEN, PROGESTERONE, AND TESTOSTERONE ON IoN CHANNEL
ExPRESSION IN MYOcCYTES AND THEIR OVERALL EFFeCcT ON QT INTERVAL

L-type calcium
channel current

Rapidly activating
delayed rectifier

Slowly activating
delayed rectifier
current (Ix,)

Inward rectifier Ovwerall Effect

(Ica1) Phase 2 current (Ix,) Phase 3 Phase 3 current (Ix7) Phase 3 on QT interval
Estrogen 1 1 l 1 1
Progesterone | N/A 1 N/A l
Testosterone 1 1 1 1 !

NA, not applicable.
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