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Serum androgen levels are positively 
correlated with athletic performance 
and competition results in elite 
female athletes
Stéphane Bermon,1,2 Angelica Lindén Hirschberg,3,4 Jan Kowalski,5 
Emma Eklund3

We thank our colleagues for their construc-
tive comments that relate to our two arti-
cles in the July 2017 issue of BJSM.1 2

Bermon and Garnier Study
The main criticisms expressed about the 
data used and our statistical analysis were 
(1) our ‘concentration’ on free testos-
terone (fT) rather than total testosterone 
(T)3 (presumably because the T results 
were only presented in the Internet version 
of the paper), (2) the fact that 17.3% of 
the athletes were sampled at both World 
Championships (Daegu and Moscow),3 
(3) the fact that no correlation analysis 
was performed other than comparison of 
fT or T tertiles,3 (4) the absence of statis-
tical comparison between a group with 
high T levels and a group with normal T 
levels4 and (5) the lack of adjustment for 
multiple comparisons (suggesting that the 
significant differences observed in our 
study could have happened by chance).5

Taking this last criticism first, we note 
that we presented an exploratory study, 
without no attempt to claim confirma-
tory results. In fact, the exploratory 
evidence presented in the study is strong, 
and correction for multiplicity may be 
too conservative. But we agree that the 
results should be put into context. At the 
type 1 error level of 0.05, we could expect 
1 of 20 hypotheses tested to be signifi-
cant merely by chance, that is, p <0.05. 
In this study, we have observed signifi-
cant correlations at the 0.05 level in five 
events, out of 21 events in total. There-
fore, it is very unlikely that all these find-
ings are caused by chance. Moreover, the 
five flagged events were showing similar 

findings in both fT and T, which indicates 
that the evidence and findings are robust.

Franklin et al report that, using Fish-
er’s combination test, they were unable 
to reject the hypothesis that the p values 
calculated from the published data were 
not inconsistent with there being no 
advantage to high fT women in any of 
the five events,5 but they do not explain 
their analysis in any detail or support 
their conclusion with any evidence. Their 
suggestion to conduct one single test of 
correlation across all 21 events combined 
is inappropriate because the hypothesis is 
that elevated testosterone levels enhance 
performance in certain events but not 
others. Combining results from the events 
of long sprint to middle-distance running 
shows with additional statistical calcula-
tion a p value of 0.003 for the correlation 
between testosterone levels and competi-
tion results, which is very strong statistical 
evidence for a true correlation not caused 
by chance.

additional SenSitivity analySeS
To address the other criticisms, we have 
now performed a sensitivity analysis using 
a modified data set in which (1) obser-
vations from athletes who participated 
in both World Championships were only 
counted once, that is, the first observed 
value, and (2) only T concentrations were 
used (not fT). As for aggregating results, 
we used running events from 400 m up 
to 1 mile, on the basis that that is where 
T produces its greatest performance-en-
hancing effects (by increasing lean body 
mass and the concentration of circulating 
haemoglobin). Long sprints that rely on 
mixed energy pathways (mainly anaer-
obic) and middle-distance races that rely 
on mainly aerobic mixed pathways are 
also considered as restricted events in 
the International Association of Athletics 
Federations (IAAF) Eligibility Regulations 
for the Female Classification that will 
come into force on 1 November 2018.

Therefore, we have aggregated results 
from the long sprints (400 m events), then 

middle-distance runs (800 m and 1500 m), 
and finally long sprints and middle-dis-
tance runs (400 m, 800 m and 1500 m), 
into one event group for further statis-
tical analysis. The time results were trans-
formed into an index, that is, percentage 
of the best performance achieved by each 
event. We have used the Spearman rank-
order correlation coefficient to explore the 
correlation between competition results 
and testosterone levels, using a two-sided 
test at the 0.05 significance level. As was 
done with the original data set, we anal-
ysed the modified analysis population 
by comparing the data from the highest 
and the lowest T tertiles, using a Mann-
Whitney U test, because it emphasised on 
the extremes of the magnitude of possible 
differences in performances. Finally, we 
used a serum T threshold concentration 
of 2 nmol/L to identify a group of female 
athletes with ‘high T’ levels, for compar-
ison against the results of athletes with T 
levels of less than 2 nmol/L (‘normal T’ 
levels).4 We have excluded 230 observa-
tions, corrected some data capture errors 
and performed the modified analysis on a 
population of 1102 female athletes.

The results showed that T concentra-
tion was significantly (p<0.03) correlated 
to performance for the 400 m hurdles, 
800 m and hammer-throw events. A trend 
(p<0.09) towards significance was found 
for the 400 m (table 1, online supple-
mentary results). Aggregated perfor-
mance results obtained in 400 m up to 
1500 m events positively and significantly 
(p=0.003) correlated with T.

A comparison of the lowest and the 
highest tertiles in each running event 
confirmed that the women in the highest T 
tertiles performed better in 400 m, 400 m 
hurdles and 800 m, with margins of 2.1%, 
2.9% and 2.1%, respectively (table 2, 
online supplementary results). A similar 
analysis of long sprints (400 m and 400 m 
hurdles) and middle-distance races (800 m 
and 1500 m) showed a significant (p<0.01) 
difference of 2.5% and 1.5%, respectively 
(table 4, supplementary results). The T 
threshold of 2 nmol/L applied to aggregated 
results for long sprints and middle-dis-
tance races generated ‘high T’ (median T 
concentration: 3.51 nmol/L) and normal 
T (median T concentration: 0.64 nmol/L) 
groups. As expected, the ‘high T’ group 
outperformed the normal T group by 1.6% 
(table 5, online supplementary results). In 
non-running events, the female hammer 
throwers in the highest T tertile performed 
7.35% better than those in the lowest tertile 
(table 3, online supplementary results).

In conclusion, our complementary statis-
tical analysis and sensitivity analysis using a 
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modified analysis population shows consis-
tent and robust results and has strengthened 
the evidence from this study, where we have 
shown exploratory evidence that female 
athletes with the highest T concentration 
have a significant competitive advantage 
over those with lower T concentration, in 
400 m, 400 m hurdles, 800 m and hammer 
throw, and that there is a very strong 
correlation between testosterone levels and 
best results obtained in the World Champi-
onships in those events. A similar trend is 
also observed for 1500 m and pole vault 
events.

limitationS
Our critics are correct that even the large 
and statistically proven competitive advan-
tages shown in our study do not establish 
a difference in sport performance of the 
magnitude typically observed between male 
and female athletes (10%–12%),3 6 a point 
highlighted by the CAS Panel in Chand v 
IAAF & AFI.7 But it was never expected 
that our study would show this since it 
compared normal T concentration groups 
with medium or medium-high T concen-
tration groups. It did not compare normal 
T concentration groups with the specific 
group of androgen-sensitive women with 
T concentration within the (much higher) 
normal male range. That will be done in a 
separate paper.8

eklund et al Study
The Eklund et al study2 was criticised by 
Sönksen et al3 due to its cross-sectional 
design of 106 female Olympic athletes and 
117 sedentary controls. We agree that an 
intervention study is preferable to answer 
the question whether there is a causal effect 
of testosterone on physical performance 
in women. However, the aim of our study 
was to compare the endogenous serum 
androgen profile (including precursors 
and metabolites) between female Olympic 
athletes and sedentary, age-matched and 
Body Mass Index–matched controls, and 
to investigate the association between the 

androgen profile, body composition and 
physical performance in the athletes. We 
believe that a cross-sectional study also can 
provide valuable information and increase 
knowledge in the area.

In our study, subjects with disorders of 
sex development including androgen insen-
sitivity and congenital adrenal hyperplasia 
were excluded. Furthermore, doping was 
excluded by doping tests. Sönksen et al 
note from our study that the athletes had 
comparable serum levels of testosterone 
with the controls and that there was no 
correlation between testosterone and phys-
ical performance in the athletes.3 However, 
they ignore the fact that we found increased 
serum levels of several precursor andro-
gens including dehydroepiandrosterone 
(DHEA) in the athletes, compared with 
the controls. Furthermore, there were clear 
positive correlations between the androgens 
DHEA and dihydrotestosterone (DHT) and 
physical performance in the athletes. This 
is important because there is increasing 
evidence that DHEA is the major tissue-spe-
cific source of the two bioactive androgens 
in women (ie, testosterone and DHT) that 
can bind to the androgen receptor.9 10 Thus, 
like the Bermon and Garnier study,1 the 
Eklund study2 demonstrated that serum 
androgen levels within the normal range 
in elite female athletes are clearly and posi-
tively associated with athletic performance.

Contributors SB performed the statistical analysis 
and drafted the text and tables. ALH and EE drafted 
and reviewed the texts and tables. JK reviewed the 
statistical aspects.
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