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SUMMARY

Introduction Previous animal and human studies provided the evidence that testosterone may affect
ventricular repolarization by shortening of the QT interval. Synthetic derivatives of testosterone, modified
to enhance its anabolic properties, are occasionally abused by some competitive athletes.

Objective We assessed whether the QT interval duration could discriminate androgenic anabolic steroids
(AAS)-using strength athletes (SA) from drug-free endurance athletes (EA), by comparing 25 formulas
for QT interval correction.

Methods We recruited 22 elite male athletes involved in long-term strength or endurance training and
20 sedentary controls. All elite SA reported AAS abuse, whereas EA and controls were AAS-free.
Results AAS-using SA had markedly shorter QT-interval than AAS-free EA (348+42.3 vs. 400+34.2 ms;
p<0.001). Also, drug-free EA had a significantly longer QT-interval than sedentary persons (400+34.2 vs.
358+18.9 ms; p<0.01). In contrast, no significant difference in the QT-interval duration was observed
between AAS users and control group (348+42.3 vs. 358+18.9 ms; p=0.394). After the QT interval was
adjusted for heart rate (HR) according to 25 different formulas, only the Ashman equation yielded
considerable differences among the groups that were in line with those observed before correction.
Conclusion Inconsistent results obtained by different correction formulas along with inability to
discriminate QT (QTc) interval duration between AAS-misusing athletes and control group do not support
the use of QT (QTc) interval for anti-doping purposes.
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INTRODUCTION

Anabolic androgenic steroids (AAS) are syn-
thetic derivatives of testosterone, modified to
enhance its anabolic properties. Data from
several animal and human studies provided
the evidence that testosterone may also affect
ventricular repolarization by shortening of the
QT [1-4].

In spite of being prohibited by the World
Anti-Doping Agency, AAS are frequently used
by competitive athletes to improve performan-
ce. It has been recently suggested that the QT
interval duration may be a marker of AAS abu-
se in strength athletes, as abusers were shown
to have significantly shorter QT intervals than
drug-free strength athletes and sedentary con-
trols [5].

OBJECTIVE

It is uncertain whether this observation depen-
ds on athletic discipline (strength versus endu-
rance training) or formulas used for the heart
rate correction of the QT interval. The objec-
tive of this study was to assess whether the QT
interval duration can discriminate AAS-using
strength athletes from drug-free endurance at-

hletes when multiple formulas for QT interval
correction are used.

METHODS

Twenty-two elite male athletes, aged 22-40 ye-
ars, were recruited from the national weight
lifting, bodybuilding, wrestling, water polo,
swimming and running teams, and were divi-
ded into two groups.

The first group consisted of 10 strength at-
hletes (5 weightlifters and 5 bodybuilders) who
reported both past and current self-administra-
tion of AAS. All subjects used the combinati-
on of both oral and injectable substances for
at least 2 years (up to 5 years) prior to study
enrollment.

The second group included 12 endurance
athletes (6 long-distance runners, 4 water polo
players and 2 swimmers) who denied both pre-
sent and past AAS use. They were all negati-
ve on several doping tests during and out of
competition. The control group was formed
of 20 sedentary healthy men, aged 20-40 years
(physicians from the Clinical Hospital Centre
Zemun), who denied AAS abuse.

None of the subjects in either group had
history of cardiovascular or any other system
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disorder and were not taking any medications. All su-
bjects gave written informed consent and were guaranteed
anonymity.

Anthropometric and blood pressure
measurements

Body mass and height were measured using a balance
beam scale and a height gauge, respectively, whereas body
surface area was calculated using the Mosteller formula
[6]. Blood pressure measurements were done in a sitting
position according to Riva-Rocci, using a cuff adjusted
to upper arm circumference (mean value of two measu-
rements on both arms, 10 minutes apart, was recorded).

Echocardiography

All examinations were done in supine left decubitus posi-
tion by the same experienced cardiologist using Hewlett-
Packard Sonos 2500 machine (Andover, MA, USA), with
a 2.5 MHz transducer. Echocardiograms consisted of two-
dimensional, M-mode and Doppler flow measurements
from standard parasternal and apical positions. All measu-
rements were made according to the American Society of
Echocardiography recommendations [7]. Left ventricular
mass was calculated according to the Devereux formula
and indexed for body surface area [8].

Electrocardiography and QT interval measurement

Twelve-lead electrocardiogram (ECG) was recorded by the
Shiller AG AT-2 plus system (Baar, Switzerland) at a paper
speed of 50 mm/s, prior to blood pressure measurement
and echocardiographic examination. The PR interval was
measured from the beginning of the P wave to the be-
ginning of the Q or R wave.

The QT intervals were measured manually from lead
I1, from the beginning of Q wave to the end of the T wave.
The end of the T wave was defined as its return to the T-P
baseline. If the end of the T wave could not be identified in
lead II, lead V3 or V5 was used instead. All measurements
were done by the same investigator who was blinded to the
group and identity of the subjects. To test the interobser-
ver variability, all QT intervals were repeatedly measured
by a second blinded investigator. The paired sample t-test
did not find a statistically significant difference between
the two series of measurements (p=0.81). Only measure-
ments from the first investigator were reported and used
for calculations. Heart rate correction of the QT interval
(QTc) was done using 28 different formulas listed in Table
1 [9-32].

As the QTc interval <380 ms was reported to have 83%
sensitivity and 88% specificity in prediction of AAS abu-
sing power athletes [5], the QT intervals corrected by the
Bazett formula were compared to this cut-off value with
respect to AAS use.

| doi: 10.2298/SARH1212711D

Table 1. Heart rate correction formulas

el ) Reference
(Author’s Equation

name) number
Adams QTc=QT +0.1536 x (1.0 - RR) 9
Ashman QTc =0.380 x log(10 X (RR + 0.07)) 10
Bazett QTc = QT/RR%* 1
Boudolas QTc=QT + 2.0/ 1000 x (HR - 60) 12
ﬁ)‘;:‘fl‘:m:c QTc = QT/RR*® 12
Framingham QTc=QT +0.154 x (1.0 - RR) 13
Fridericia QTc = QT/RR%33 14
Hodges QTc=QT + 1.75/ 1000 x (HR - 60) 15
bxponental | QTe= QU/RR 16
Karjalainen g:;;sﬁgd+t;glr;ectlon from 17
Kawataki QTc = QT/RR** 18
Klingfield QTc=QT + 1.32/1000 x (HR - 60) 19
Kovacs QTc=QT-0.12+0.12/RR 20
'gif;?;n"d QTc=QT +0.125 x (1.0- RR) 21
Lecocq 1 QTc=QT-0.017-0.676 x 37" 22
Lecocq 2 QTc=QT-0.017-0.704 x 37" 22
Ljung QTc=QT+0.2x(1.0-RR) 23
Mayeda QTc = QT/RR%™ 24
Rautaharju QTc=QT-0.656/(1+0.01 X HR) + 0.41 25
Rickards QTc=QT + 1.87 /1000 x (HR - 60) 26
Sarma/Hodges | QTc=QT-0.018-0.708 x e 15
Schlamowitz QTc=QT +0.205 x (1.0 - RR) 27
Simonson QTc=QT +0.14 x (1.0 - RR) 28
Isclrgnac;?ti\c::l; QTc = QT/RR% 28
Todt QTc=QT +0.1 X (1.0-RR) 29
Van de Water QTc=QT + 0.087 x (1.0 - RR) 30
Yoshinaga QTc = QT/RR*! 31
Wohlfart QTc=QT + 1.23 /1000 x (HR - 60) 32

QTc - heart rate corrected QT interval in seconds; QT — uncorrected QT interval
in seconds; RR - RR interval in seconds; HR - heart rate in beats per minute

Statistical analysis

Data are expressed as meantstandard deviation. Com-
parisons among groups were performed using one way
analysis of variance (ANOVA). When group differences
were found (p<0.05), post hoc analyses were performed
by the least significant difference (LSD) test. A p value of
<0.05 was considered significant.

RESULTS
Baseline characteristics

Subject characteristics are summarized in Table 2. The at-
hletes and controls were comparable for age and systolic
blood pressure; strength athletes had a significantly higher
diastolic blood pressure as compared to endurance athletes
and controls. Endurance athletes were significantly taller
than subjects from other two groups, while strength athle-
tes were heavier than sedentary men. As expected, there
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Table 2. Baseline characteristics

Parameter 4 . c pvalue

(n=10) (n=12) (n=20) ANOVA Avs.B Avs.C Bvs.C
Age (years) 27.3+6.4 27.3+3.9 29.8+4.1 0.242 1.000 0.551 0.453
Height (cm) 181+4.6 190+10.8 182+9.1 <0.001 0.016 0.273 <0.001
Body mass (kg) 100.4+£18.6 89.6+14.9 78.6+8.3 <0.001 0.194 <0.001 0.082
BSA (m?) 2.2+0.23 2.2+0.24 1.9+0.12 0.001 1.000 0.001 0.011
BMI (kg/m?) 30.4+4.8 246123 25.2+2.2 <0.001 <0.001 <0.001 1.000
Systolic BP (mm Hg) 133+23 118+12 124411 0.085 0.084 0.390 0.924
Diastolic BP (mm Hg) 88+14.2 71£8.4 74+5.6 <0.001 <0.001 0.001 1.000

n - number of patients; A - anabolic androgenic steroids (AAS) using strength athletes; B - AAS-free endurance athletes; C - AAS-free sedentary controls;

BSA - body surface area; BMI - body mass index; BP — blood pressure

Table 3. Echocardiographic data

Parameter A e < pvalue

(n=10) (n=12) (n=20) ANOVA Avs.B Avs.C Bvs.C
IVS (mm) 10.7+2.1 10.7+1.7 9.8+0.7 0.151 1.000 0.294 0.366
PW (mm) 10.3£2.1 9.9+1.4 8.6x1.1 0.006 1.000 0.012 0.043
LV EDD (mm) 52.9+5.8 57.1+£3.9 48.3+2.8 <0.001 0.032 0.006 <0.001
LV mass (kg) 217.4+47.3 244.8+58.9 156.4+19.6 <0.001 0.381 0.001 <0.001
LV mass index (kg/m?) 97.3+20 113.5£28.2 80.1£11.9 <0.001 0.381 0.001 <0.001

IVS - interventricular septum; PW - posterior wall; LV - left ventricle; EDD - end-diastolic diameter

were significant differences in body surface area and body
mass index among groups.

Standard echocardiographic parameters

Standard echocardiographic parameters are detailed in
Table 3. All subjects had preserved left ventricular (LV)
systolic function (LV ejection fraction >0.55). The LV
internal end-diastolic diameter was greater in endurance
athletes as compared to strength athletes and controls. LV
mass, also when indexed for BSA, was greater in athletes
than controls, with no significant difference between the
strength and endurance athletes.

Electrocardiographic data

Resting heart rate (HR) was significantly lower, while the
PR interval was longer in the endurance athletes when
compared to the strength athletes and sedentary controls
(Table 4). Nine athletes (41%) had HR of less than 60/min,
whereas two of them (9%) exhibited first degree atrioven-
tricular (AV) block.

AAS using strength athletes had the shortest and AAS-
free endurance athletes the longest QT intervals. Howe-
ver, no significant difference in QT interval duration was
observed between the AAS users and sedentary controls
(Table 4). The reported differences among the groups were
also observed when the QT interval was adjusted for he-
art rate using Ashman and one of the Lococq’s formulas.
However, if any other correction formula was applied, no
significant differences in the QTc interval among the gro-
ups were detected (Table 4).

As the consequence of calculation by different formulas
was that the duration of the QTc interval varied as much

as 59 ms (350+33.2 vs. 409+47.8 ms for the Ashman and
Mayeda equation, respectively).

Furthermore, when the QT interval was corrected
according to the Bazett formula, 50% of AAS abusers and
34% of AAS-free subjects had QTc<380 ms, resulting in
50% sensitivity and 66% specificity of suggested cut-point.

DISCUSSION

We compared the QT interval among strength athletes
who abused ASS, drug-free endurance athletes and se-
dentary controls. Our data revealed that the AAS using
athletes had the shortest QT intervals, but no significant
difference in the QT interval was observed between stren-
gth athletes taking AAS and sedentary men. Importantly,
these observations were highly affected by formulas used
for QT correction.

QT interval and AAS abuse

The rationale for association between a shorter QT inter-
val and androgen abuse is derived from animal and human
studies suggesting that sex hormones may be responsible
for differences in cardiac repolarization. It has been obser-
ved that testosterone shortens ventricular repolarization
while estrogens have weak opposite or no effect [1-4].

After puberty, men have significantly shorter QTc in-
tervals than women, which is most striking gender-related
electrocardiographic feature. In contrast, no gender-rela-
ted differences in QT interval duration at birth and before
puberty can be observed [1].

Additionally, it has been shown that virilized women have
markedly shorter QT intervals than age-matched healthy
controls, with the duration of repolarization being inversely
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Table 4. Electrocardiographic data

Parameter A B c p value

(n=10) (n=12) (n=20) ANOVA Avs.B Avs.C Bvs.C
HR (beats/min) 77.5£15.9 55.8+7.8 75.3£10.8 <0.001 <0.001 0.616 <0.001
PR interval (ms) 1514223 174+18.1 154+22.1 0.017 0.001 0.734 0.011
QT interval (ms)* 348+42.3 400+34.2 358+18.8 <0.001 <0.001 0.394 <0.001
QTc - Adams 382+33.2 383+21.3 386+25.2 0.878 0.913 0.645 0.719
QTc - Ashman* 350+33.1 406+26.2 359+23.2 <0.001 <0.001 0.429 <0.001
QTc - Bazett 398+42.1 381+£19.8 400+36.4 0312 0.264 0.875 0.142
QTc - Boudolas 383+32.1 392+24.8 388+27.1 0.728 0.429 0.605 0.703
QTc - Boudolas (log) 387+38.4 385+19.2 391+30.6 0.855 0.890 0.729 0.596
QTc - Framingham 382+33.2 383+21.3 386+25.2 0.876 0.922 0.647 0.710
QTc - Fridericia 378+37.2 387+37.2 385+27.3 0.820 0.541 0.635 0.830
QTc - Hodges 378+31.8 393+25.6 384+25.2 0.432 0.205 0.559 0.381
QTc - Hodges (exp) 385+37.9 385+19.3 389+29.6 0.908 0.951 0.702 0.739
QTc - Karjalainen 379+30.5 390+22.8 389+24.7 0.526 0.315 0311 0.917
QTc - Kawataki 371+36.8 390+22.2 378+23.8 0.244 0.107 0.531 0.214
QTc - Klingfield 371+326 395+27.4 378+22.4 0.090 0.039 0.491 0.085
QTc - Kovacs 388+35.5 3914224 389+29.5 0.971 0.845 0.995 0.824
QTc - Larsen & Skulason 3754334 386+21.3 381+23.1 0.611 0.324 0.564 0.583
QTc - Lecocq1* 335+40.9 385+33.4 345+18.7 <0.001 <0.001 0.419 0.001
QTc - Lecocq 2 380+34.2 397+26.9 382+25.3 0.283 0.169 0.842 0.161
QTc - Ljung 3924343 378+24.1 395+29.1 0.259 0.257 0.785 0.109
QTc - Mayeda 409+47.8 377+223 409+43.1 0.074 0.067 0.994 0.033
QTc - Rautaharju 1 385+30.7 388+23.1 392+27.9 0.811 0.792 0.531 0.721
QTc - Rickards 380+31.9 393+25.2 386+26.1 0.577 0.299 0.581 0.524
QTc -Sarma/Hodges 379+34.2 396+26.9 381+25.3 0.291 0.175 0.846 0.166
QTc - Schlamowitz 393+34.5 3774245 396+29.6 0.211 0.212 0.800 0.087
QTc - Simonson 379+33.2 384+21.1 384+24.1 0.843 0.601 0.605 0.948
QTc - Simonson (log) 378+37.1 388+20.2 384+26.7 0.741 0.443 0.618 0.709
QTc - Todt 3704343 389+22.5 376+21.5 0.194 0.083 0.504 0.178
QTc - Van de Water 367+34.9 390+234 374+20.8 0.085 0.036 0.478 0.082
QTc - Yoshinaga 377+36.9 388+20.5 383+26.3 0.670 0.374 0.604 0.620
QTc - Wohlfart 369+32.9 395+27.8 376+21.9 0.060 0.026 0.479 0.709

*p<0.05
HR - heart rate; QTc — corrected QT interval in milliseconds

associated with testosterone levels [3]. Finally, therape-
utic testosterone administration in hypogonadic men is
associated with a significant QTc interval shortening with
negative linear correlation between QTc and testosterone
concentration [2]. Therefore, self-administration of AAS
may be expected to shorten the QT (QTc) interval in male
athletes when compared to those who do not misuse AAS,
irrespectively of athletic discipline or activity level.

This concept was partially supported by Bigi et al. [5]
who reported a shorter QTc interval in AAS-taking str-
ength athletes when compared to both AAS-free athletes
and controls. This observation was endorsed by the recent
recommendations for ECG interpretation in athletes [33],
suggesting that the QTc interval <380 ms (using Bazzet
correction formula) may predict AAS abuse with high sen-
sitivity and specificity. However, when this cut-off point
was applied to subjects enrolled in our study, sensitivity
and specificity were markedly below those reported in the
original paper. It is uncertain whether this cut-off value is
applicable to endurance athletes as the study from which
it originates [5] included only strength athletes.

Furthermore, it has been also noticed by Stolt et al. [34]
that strength athletes who abuse AAS exhibit shorter QT

| doi: 10.2298/SARH1212711D

(QTc) interval that drug-free endurance athletes, while
QTc interval duration could not discriminate AAS abusers
and sedentary controls. On the other hand, a markedly
longer QTc interval in drug free endurance athletes can
be at least partially explained by increased vagal tone in
these subjects. Indeed, endurance athletes, apart from be-
ing AAS free, had significantly lower resting heart rate and
longer PR interval than strength athletes and sedentary
men. Both lower heart rate and PR interval prolongation
are well documented and prevalent phenomena which are
believed to reflect augmented vagal tone in athletes invol-
ved in long term endurance training.

The role of QT interval correction

Among the numerous factors that contribute to the QT
interval duration, heart rate plays a major role. Therefore,
it is the standard practice to use a correction formula to
adjust the QT interval for heart rate. Over 30 formulas
have been devised for this purpose but all of them are li-
kely to introduce an error in assessing the QTc interval
[35]. This error can exceed 60 ms for the Bazett’s square
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root formula which, despite several important limitations,
gained the widespread acceptance [36]. For instance, it
over-corrects the QT interval at high heart rates and un-
der-corrects at low heart rates [13]. Consequently, its use
may be associated with inaccurate QT interval correction
in elite athletes, as the majority of highly trained enduran-
ce athletes (up to 80%) exhibit bradycardia [33].

The Bazett formula was used by Bigi et al. [5], while
Stolt at al. [34] used the Karlajanan nomogram method
for the QT interval correction. Both studies used only one
formula for the QT correction, although the imprecision in
the QTc calculation could outweigh the differences among
the studied groups. In order to overcome any bias, we used
28 formulas for the QT interval correction, including tho-
se most frequently used (Bazett, Fridericia, Framingham,
Karlajanan and Hodges). We found that only Ashman and
Lecocq equations yielded results that were in line with tho-
se observed before the correction, whereas no significant
differences in the QTc interval among the groups were
detected if any other correction formula was used.

Study limitations

Our study has two important limitations. First, history of
AAS use was self-reported by athletes and controls inclu-
ded in the study, as we did not perform plasma or urine
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Kpatak QT uHTepBan Huje noy3paH nokasatesb 310ynoTpebe aHAPOreHnxX
aHab0/MuKKUX CTeponAaa Kog NPodecMOHaNHMX CNOPTUCTA

Butomup Hophesuh', Msan CraHkosuh??, Arba Bnaxosuh Ctunau®, BurbaHa MyTHukoBuh?3, Anekcangap H. Hewwkosuh*?

'Nom 3gpassba,[p Puctuh’, beorpag, Cpbuja;
MepnumHckm pakyntet, YHuBep3utet y beorpagy, beorpag, Cpbuja;

*0Opemetbe Kapguonoruje, KnuHuuko-60nHMYKM LieHTap ,3emyH’, Beorpag, Cpbuja

KPATAK CAOPXAJ

YBopa PaHuje cTyauje Ha X1BOTUHbaMa W JbyAnMa Nnokasane cy
[la TECTOCTEPOH MOXe [a yTuue Ha penosapusalmjy Komopa
Tako WTo ckpahyje QT nHTepBan. CHTETCKe feprBaTe TecTo-
CTepoHa, MofndrKoBaHe TaKo Aa nojavajy Hherosa aHabonmu-
Ka [iejcTBa, NOBPEMeHO 3/10ynoTpebbaBajy NpodecnmoHanHm
CMoOpPTUCTL.

Lium papa Vctpaxusanu cmo fa v ce Tpajarbe QT MHTepBana
pasnukyje namehy cnoptricTa Koju ce 6aBe CopToBrMa CHare 1
KopucTe aHaporeHe aHabonuuke ctepounge (AAC) n cnopTucta
Koju ce 6aBe CNopTOBVIMA U3LPXKIbUBOCTY 1 He KopucTe AAC,
ynopehyjyhun 25 dopmyna 3a Kopekuujy QT nHTepBana.
Metope paga Y nctpaxkvBare je yKibyuyeHo 22 eNUTHNX CNopTH-
CTa MyLLIKOT M0J1a Koji Cy HEKOIMKO rofMHa NpodecrioHanHo Tpe-
HVPANN CNOPTOBE CHare U N3LPXbUBOCTY 11 20 34paBrx 0coba
(KOHTpONHa rpyna) cefieHTePHOT HaurHa XuBoTa. CBU CNOPTACTM
Koju cy ce 6aBunmM cnopToBrMa cHare kopuctunu cy AAC, ok cy
CMOPTUCTU KOjU Cy ce 6aBUM CMOPTOBMMA 3L PXKIbUBOCTM U C-
MUTAHNLI KOHTPOJTHE rpyne Hermpanu ynotpedy AAC.
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Pesynratu Kog croptucta Koju cy Kopuctinu AAC 3abenexeH
je 3HavajHo Kpahv QT MHTepPBan Hero Ko CMOPTICTA KOoju HY-
cy kopuctunm AAC (348+42,3 npema 400+34,2 ms; p<0,001).
Takohe, Kog cnopTucta Koju Hucy kopuctunu AAC yTBpheH
je 3HauajHo ayxwn QT nHTepBan Hero Kof ocoba cefleHTepHOr
HaumHa xmBoTa (400+34,2 npema 358+18,9 ms; p<0,01). Huje
6110 CTaTUCTUYKM 3HaYajHe pa3nuke y Tpajatby QT nHTEpBa-
na nsmehy kopucHrka AAC 1 UCNUTAaHUKA KOHTPOJIHE rpyrne
(p=0,394). HakoH Kopekuuje QT nHTepBana NpUMeHoOM 25 pas-
nNYNTUX GopMyna, camo Cy NprMeHOM ALLMaHOBE jeHauviHe
pobujeHe 3HauajHe pasnmke U3mehy rpyna Koje cy nprmeheHe
1 npe Kopekuuje.

3aKrby4ak HeKOH3VCTEHTHU pe3ynTaTi JO6WjeHV NPUMEHOM
paznuunTtx popmyna u HemoryhHocT yTBphuBama 3HauajHe
pa3znuke nsmehy cnoptucra Koju cy kopuctunu AAC 1 ncnm-
TaHWKa KOHTPOJIHe rpyne He npenopyuyjy npumeHy QT (QTc)
VHTEpBasa y aHTUAOMUHT CBPXE.

KmyuHe peun: kpatak QT nHTepBan; aHAPOreHy aHaboNyKm
CTepOuAW; BONVHT
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