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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 [1­4].

In spite of being prohibited by the World 
Anti­Doping 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 
drug­free 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 AAS­using 
strength athletes from drug­free endurance at­

hletes when multiple formulas for QT interval 
correction are used.

METHODS

Twenty­two elite male athletes, aged 22­40 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 self­administra­
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 long­distance 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 20­40 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 Riva­Rocci, 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, M­mode 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

Twelve­lead electrocardiogram (ECG) was recorded by the 
Shiller AG AT­2 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 
II, 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 T­P 
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 t­test 
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 [9­32].

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 cut­off value with 
respect to AAS use.

Statistical analysis

Data are expressed as mean±standard 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 

Table 1. Heart rate correction formulas

Formula 
(Author’s 
name)

Equation Reference 
number

Adams QTc = QT + 0.1536 × (1.0 - RR) 9
Ashman QTc = 0.380 × log(10 × (RR + 0.07)) 10
Bazett QTc = QT/RR0.5 11
Boudolas QTc = QT + 2.0 / 1000 × (HR - 60) 12
Boudolas – 
logarithmic QTc = QT/RR0.398 12

Framingham QTc = QT + 0.154 × (1.0 - RR) 13
Fridericia QTc = QT/RR0.333 14
Hodges QTc = QT + 1.75 / 1000 × (HR - 60) 15
Hodges – 
exponential QTc = QT/RR0.38 16

Karjalainen QTc = QT + correction from 
published table 17

Kawataki QTc = QT/RR0.25 18
Klingfield QTc = QT + 1.32 / 1000 × (HR - 60) 19
Kovacs QTc = QT - 0.12 + 0.12/RR 20
Larsen and 
Skulason QTc = QT + 0.125 × (1.0 - RR) 21

Lecocq 1 QTc = QT - 0.017 - 0.676 × e-3.7RR 22
Lecocq 2 QTc = QT - 0.017 - 0.704 × e-3.7RR 22
Ljung QTc = QT + 0.2 × (1.0 - RR) 23
Mayeda QTc = QT/RR0.604 24
Rautaharju QTc = QT - 0.656 / (1 + 0.01 × HR) + 0.41 25
Rickards QTc = QT + 1.87 / 1000 × (HR - 60) 26
Sarma/Hodges QTc = QT - 0.018 - 0.708 × e-3.7RR 15
Schlamowitz QTc = QT + 0.205 × (1.0 - RR) 27
Simonson QTc = QT + 0.14 × (1.0 - RR) 28
Simonson – 
logarithmic QTc = QT/RR0.32 28

Todt QTc = QT + 0.1 × (1.0 - RR) 29
Van de Water QTc = QT + 0.087 × (1.0 - RR) 30
Yoshinaga QTc = QT/RR0.31 31
Wohlfart QTc = QT + 1.23 /1000 × (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
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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 end­diastolic 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 AAS­free subjects had QTc≤380 ms, resulting in 
50% sensitivity and 66% specificity of suggested cut­point.

DISCUSSION

We compared the QT interval among strength athletes 
who abused ASS, drug­free 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 [1­4].

After puberty, men have significantly shorter QTc in­
tervals than women, which is most striking gender­related 
electrocardiographic feature. In contrast, no gender­rela­
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 age­matched healthy 
controls, with the duration of repolarization being inversely  

Table 2. Baseline characteristics

Parameter A
(n=10)

B
(n=12)

C
(n=20)

p value
ANOVA A vs. B A vs. C B vs. 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 (m2) 2.2±0.23 2.2±0.24 1.9±0.12 0.001 1.000 0.001 0.011
BMI (kg/m2) 30.4±4.8 24.6±2.3 25.2±2.2 <0.001 <0.001 <0.001 1.000
Systolic BP (mm Hg) 133±23 118±12 124±11 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
(n=10)

B
(n=12)

C
(n=20)

p value
ANOVA A vs. B A vs. C B vs. 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 8.6±1.1 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/m2) 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
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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, self­administration 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 AAS­taking str­
ength athletes when compared to both AAS­free 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 cut­off 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 cut­off 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 

(QTc) interval that drug­free 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 

Table 4. Electrocardiographic data

Parameter A
(n=10)

B
(n=12)

C
(n=20)

p value
ANOVA A vs. B A vs. C B vs. 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) 151±22.3 174±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 0.312 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 0.311 0.917
QTc - Kawataki 371±36.8 390±22.2 378±23.8 0.244 0.107 0.531 0.214
QTc - Klingfield 371±32.6 395±27.4 378±22.4 0.090 0.039 0.491 0.085
QTc - Kovacs 388±35.5 391±22.4 389±29.5 0.971 0.845 0.995 0.824
QTc - Larsen & Skulason 375±33.4 386±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 392±34.3 378±24.1 395±29.1 0.259 0.257 0.785 0.109
QTc - Mayeda 409±47.8 377±22.3 409±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±34.5 377±24.5 396±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 370±34.3 389±22.5 376±21.5 0.194 0.083 0.504 0.178
QTc - Van de Water 367±34.9 390±23.4 374±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
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root formula which, despite several important limitations, 
gained the widespread acceptance [36]. For instance, it 
over­corrects the QT interval at high heart rates and un­
der­corrects 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 self­reported by athletes and controls inclu­
ded in the study, as we did not perform plasma or urine 

assessment for drug levels. Although results should be in­
terpreted cautiously, we believe that the observed differen­
ces in subjects’ clinical characteristic support the accuracy 
of their statements regarding AAS use.

Both resting heart rate and diastolic blood pressure, in­
crease of which had been previously related to AAS abuse 
[37], were the highest in the AAS­using athletes, with no 
difference between endurance athletes and sedentary con­
trols who denied AAS self­administration.

Secondly, as we aimed to include only elite athletes, we 
recruited a small number of subjects, which might have 
produced type II error (false­negative results). However, 
a significant difference in QT interval duration was obser­
ved among the groups before its correction for the heart 
rate, suggesting that the sample size was sufficient for 
planned investigation. Nevertheless, further studies with 
adequate power are warranted.

CONCLUSION

Inconsistent results obtained by different QT interval 
correction formulas, as well as inability to discriminate 
QT (QTc) interval duration between AAS taking athletes 
and sedentary men prevented us from drawing conclusi­
ons relevant for anti­doping control. It appears that the QT 
(QTc) interval cannot be used for anti­doping purposes.
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КРАТАК САДРЖАЈ
Увод Ра ни је сту ди је на жи во ти ња ма и љу ди ма по ка за ле су 
да те сто сте рон мо же да ути че на ре по ла ри за ци ју ко мо ра 
та ко што скра ћу је QT ин тер вал. Син тет ске де ри ва те те сто-
сте ро на, мо ди фи ко ва не та ко да по ја ча ју ње го ва ана бо лич-
ка деј ства, по вре ме но зло у по тре бља ва ју про фе си о нал ни 
спор ти сти.
Циљ ра да Ис тра жи ва ли смо да ли се тра ја ње QT ин тер ва ла 
раз ли ку је из ме ђу спор ти ста ко ји се ба ве спор то ви ма сна ге и 
ко ри сте ан дро ге не ана бо лич ке сте ро и де (ААС) и спор ти ста 
ко ји се ба ве спор то ви ма из др жљи во сти и не ко ри сте ААС, 
упо ре ђу ју ћи 25 фор му ла за ко рек ци ју QT ин тер ва ла.
Ме то де ра да У ис тра жи ва ње је укљу че но 22 елит них спор ти-
ста му шког по ла ко ји су не ко ли ко го ди на про фе си о нал но тре-
ни ра ли спор то ве сна ге или из др жљи во сти и 20 здра вих осо ба 
(кон трол на гру па) се ден тер ног на чи на жи во та. Сви спор ти сти 
ко ји су се ба ви ли спор то ви ма сна ге ко ри сти ли су ААС, док су 
спор ти сти ко ји су се ба ви ли спор то ви ма из др жљи во сти и ис-
пи та ни ци кон трол не гру пе не ги ра ли упо тре бу ААС.

Ре зул та ти Код спор ти ста ко ји су ко ри сти ли ААС за бе ле жен 
је зна чај но кра ћи QT ин тер вал не го код спор ти ста ко ји ни-
су ко ри сти ли ААС (348±42,3 пре ма 400±34,2 ms; p<0,001). 
Та ко ђе, код спор ти ста ко ји ни су ко ри сти ли ААС утвр ђен 
је зна чај но ду жи QT ин тер вал не го код осо ба се ден тер ног 
на чи на жи во та (400±34,2 пре ма 358±18,9 ms; p<0,01). Ни је 
би ло ста ти стич ки зна чај не раз ли ке у тра ја њу QT ин тер ва-
ла из ме ђу ко ри сни ка ААС и ис пи та ни ка кон трол не гру пе 
(p=0,394). На кон ко рек ци је QT ин тер ва ла при ме ном 25 раз-
ли чи тих фор му ла, са мо су при ме ном Ашма но ве јед на чи не 
до би је не зна чај не раз ли ке из ме ђу гру па ко је су при ме ће не 
и пре ко рек ци је.
За кљу чак Не кон зи стент ни ре зул та ти до би је ни при ме ном 
раз ли чи тих фор му ла и не мо гућ ност утвр ђи ва ња зна чај не 
раз ли ке из ме ђу спор ти ста ко ји су ко ри сти ли ААС и ис пи-
та ни ка кон трол не гру пе не пре по ру чу ју при ме ну QT (QTc) 
ин тер ва ла у ан ти до пинг свр хе.
Кључ не ре чи: кра так QT ин тер вал; ан дро ге ни ана бо лич ки 
сте ро и ди; до пинг
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