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LETTERS TO THE EDITOR

B2-adrenergic agonists do not improve physical performance in

healthy individuals

To the Editor,
All beta-2 agonists are prohibited by the World Anti-Doping Agency
(WADA, www.wada-ama.org). However, its use may be permitted in
athletes who are granted a therapeutic use exemption (TUE).

As the evidence remains controversial, there has been increasing
debate on whether f2-agonists have the potential to improve phys-

ical performance.!

Therefore, this study aimed to systematically review the avail-
able scientific evidence on the effect of p2-agonists on physical per-
formance in healthy, nonasthmatic individuals.

All randomized controlled studies, written in any language,
were considered. A fixed or, when necessary, a random-effects me-

ta-analysis was performed for two outcomes (VO and endurance

2max
time to exhaustion (TTE)), considering the study design, substance,

Group by Study name Statistics for each study Difference in means and 95% Cl
Substance : )

Difference Standard Lower Upper Relative

in means error limit limit  p-Value weight
Formoterol Carlsen 2001 —-0,050 1,518 =3,024 2,924 0,974 —— 44,36
Formoterol Riiser 2006 1,500 1,703 -1,838 4,838 0,378 —_— 35,23
Formoterol Tjerhom 2007 -0,400 2,058 —6,198 5,398 0,892 3| 11,67
Formoterol Stewart 2002-1I —-1,000 3,421 -7,705 5,705 0,770 % 8,73
Formoterol 0,372 1,011 —-1,609 2,353 0,713 ;—
Salbutamol Heir 1995 -0,100 1,035 -2,128 1,928 0,923 . s 13,35
Salbutamol Norris 1996 -0,500 2,357 -5,120 4,120 0,832 —_— 2.57
Salbutamol Carlsen 1997-| -0,100 1,712 -3,456 3,256 0,953 e 4,87
Salbutamol Sandsund 1998 2,400 2,504 -2,509 7,309 0,338 @ 2,28
Salbutamol Beloka 2011-I 0,000 4,056 -7,950 7,950 1,000 0,87
Salbutamol Beloka 2011-ll —2,000 3,688 —9,228 5,228 0,588 % 1,05
Salbutamol Elers 2012 —0,486 1,856 —4,123 3,151 0,793 e s 4,15
Salbutamol Dickinson 2014 3,200 4,396 -5,416 11,816 0,467 € 0,74
Salbutamol Koch 2015a 0,200 1,471 -2,684 3,084 0,892 e o] 6,60
Salbutamol Hostrup 2016 0,300 1,127 -1,910 2,510 0,790 I 11,24
Salbutamol Koch 2016 0,400 1,303 -2,153 2,953 0,759 8,42
Salbutamol Sporer 2008 0,507 1,644 -2,715 3,729 0,758 —— 5,29
Salbutamol Koch 2015b 2,100 0,974 0191 4009 0,031 —— 15,05
Salbutamol Fleck 1993 -1,600 2,164 -5,841 2,641 0,460 g 3,05
Salbutamol McKenzie 1983-| 3,300 9,001-14,341 20,941 0,714 g 0,18
Salbutamol McKenzie 1983-Il 1,400 9,054-16,345 19,145 0,877 4 0,17
Salbutamol Meeuwisse 1992 -0,900 1,114 -3,083 1,283 0,419 —_——— 11,51
Salbutamol Morton1992 -1,160 2,154 -5,381 3,061 0,590 —_— 3,08
Salbutamol Stewart 2002-1 0,300 3,266 -6,101 6,701 0,927 1,34
Salbutamol Gong 1988 1,200 2,210 -3,131 5,531 0,587 2,93
Salbutamol Panse 2006b -0,400 3,361 -6,988 6,188 0,905 1,26
Salbutamol 0,284 0,378 -0,457 1,025 0,453
Overall 0,295 0,354 -0,399 0,988 0,405
12,00 6,00 0,00 6,00 12,00
Favours Placebo Favours B2-agonists
FIGURE 1 Forest plot representing the comparison of MD of VO, between salbutamol, formoterol and placebo. The letters “a” and

“b” following the author's name correspond to different studies by the same author published in the same year. The Roman numbering
presented after the author's name corresponds to the same study, but different interventions (more than one p2-agonist or more than one

dose)
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administration and gender of the participants. The mean difference
(MD) was used as an effect size measure. Publication bias was assessed
using the funnel plot, Duval and Tweedie's trim and fill method, and
Eger's regression test (See supporting information for details). The se-
lection process of the studies included in the systematic review and
meta-analysis is presented in Figure S1 of the supporting information.

The fixed-effects meta-analysis studying the effect of p2-ag-

onists on VO showed no significant effects of salbutamol vs

2max
placebo (MD = 0.284; P-value = .45), of formoterol vs. placebo
(MD = 0.372; P-value = .71), and neither of overall p2-agonists vs.
placebo (MD = 0.295; P-value = .40) (Figure 1). (For summary of
meta-analysis, sensitivity analysis and evaluation of publication bias,
see supporting information).

Two fixed-effects meta-analyses were performed considering
the different routes of administration of salbutamol. In the me-
ta-analysis considering the effect of inhaled salbutamol on VO,__,
no statistically significant effect was shown: MD = 0.323; 95% Cl:
(-0.47857; 1.123); P-value = .43. Similar results were obtained in
the meta-analysis considering the effect of systemic salbutamol on
VO, ... MD = 0.053; 95% CI: (-1.898; 2.003); P-value = .95. (For
summary of meta-analysis, sensitivity analysis and evaluation of
publication bias, see supporting information).

To assess the effect of p2-agonists on TTE, three meta-analyses
(fixed-effects, random-effects and mixed-effects) were performed,

: 2100% VO <100%

considering different percentages of VO,

2max’

VO,,..« and mixed-effects. In the fixed-effects meta-analysis that con-
sidered endurance TTE > 100% of VO
difference was found between p2-agonists and placebo (MD = -0.054;
95% Cl: (-0.163; 0.054); P-value = .32). In the random-effects me-
ta-analysis that considered endurance TTE < 100% of VO, .. the
MD of endurance TTE between p2-agonists and placebo was not sig-
nificantly different from zero (MD = 1.712; 95% ClI: (-1.013; 4.437);
P-value = .21) (Figure 2). (For summary of meta-analysis, sensitivity

maxe NO statistically significant

analysis and evaluation of publication bias, see supporting information).

A fixed-effects meta-analysis was performed using the MD of en-
durance TTE as an effect measure. No statistically significant difference
was found between inhaled 2-agonists vs. placebo (MD = -0.057; 95%
Cl: (-0.165; 0.051); P-value = .30). However, the meta-analysis consid-
ering the effect of oral f2-agonists on endurance TTE showed a statis-
tically significant mean increase (MD = 6.029; 95% Cl: (2.653; 9.385);
P-value < .001). (For summary of meta-analysis, sensitivity analysis and
evaluation of publication bias, see supporting information).

Overall, the results reported here were consistent and showed
that inhaled p2-agonists do not contribute to the physical perfor-
mance improvement of healthy athletes. Previous studies have
assessed the effect of p2-agonists vs. placebo in the changes of
VOomax:

no significant effects on physical performance.?® Moreover, inhaled

having found that, regardless of the 2-agonist, there were

salbutamol did not show a statistically significant effect on VO, _,

even when administered at high doses.

Group by Study name Statistics for each study
Method )

Difference Standard Lower Upper

in means error limit limit
<100% Sandsund 1998 —0,120 0,580 —-1,257 1,017
<100% Collomp 2000a 6,800 3,490 —0,040 13,640
<100% Goubault 2001-I 0,220 2,054 —3,806 4,246
<100% Goubault 2001-11 —2,300 1,834 —-5,895 1,295
<100% Collomp 2000b 6,300 2,357 1,679 10,921
<100% Van Baak 2000 6,670 4,833 —-2,802 16,142
<100% 1,712 1,390 —1,013 4,437
>=100% Carlsen 1997-1 —0,200 0,238 —0,667 0,267
>=100% Carlsen 1997-l —0,190 0,235 —-0,651 0,271
>=100% Carlsen 2001 0,060 0,212 —-0,356 0,476
>=100% Riiser 2006 —0,060 0,068 —0,194 0,074
>=100% Tjerhom 2007 0,070 0,331 -0,578 0,718
>=100% Sanchez 2013 2,180 5,253 —8,117 12,477
>=100% Kalsen 2014b 0,670 0,443 —0,198 1,538
>=100% Meeuwisse 1992 -0,110 0,204 -0,511 0,291
>=100% Sue-Chu 1999 —0,050 0,243 —0,526 0,426
>=100% —0,054 0,055 —-0,163 0,054
Overall —0,052 0,065 —0,160 0,056

Difference in means and 95% CI

Relative
p-Value weight
0,836 —a— 28,80
0,051 g 10,42
0,915 » 18,24
0,210 ® 19,84
0,008 - 16,20
0,168 ® 6,50
0,218 e ——
0,401 5,37
0,419 5,52
0,777 6,76
0,379 65,55
0,832 2,79
0,678 g 0,01
0,131 1,55
0,591 7,29
0,837 5,16
0,324
0,349

-8,00  —-4,00 0,00 4,00 8,00

Favours Placebo Favours B2-agonists

FIGURE 2 Forest plot representing the comparison of MD of endurance time to exhaustion (TTE) between p2-agonists and placebo,

considering different percentages of VO

2max
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When comparing the effect of systemic (oral or 1V) salbutamol on
VO

nificant effect. These results, despite being somewhat inconsistent due

Lmaxe It @PP€ars that this p2-agonist does not have a statistically sig-
to the lack of studies, agree with other studies already performed.*®

Regarding inhaled p2-agonists’ effect on endurance TTE, no signif-
icant effect was shown. However, when considering the oral route, the
effect was statistically significant for salbutamol, which explains the
prohibition of this route of administration for athletes granted a TUE.

So far, the only systematic reviews and meta-analysis that as-
sessed the effect of f2-agonists on physical performance are those
described by Kinderman? and Pluim.® Both reviews are dated and
considered only a fraction of the studies analysed in the present sys-
tematic review, mainly focusing on competitive athletes.

This systematic review and meta-analysis included all existing arti-
cles which assessed the effect of p2-agonists on physical performance
in nonasthmatic athletes and were published until 2018. However,
only a few could be included in the meta-analysis, as the others did not
present quantitative data. It is important to highlight that it was not
possible to evaluate the individual results of the athletes. Additionally,

we should be aware that VO measures do not represent a direct

2max
measure of physical performance. Nevertheless, it is considered a vari-
able of physical fitness and training status of each individual.
Concluding, the results obtained do not show any effects of this
class of drugs on physical performance. Moreover, the exceptions
currently allowed by WADA do not include any drug that could con-
stitute a competitive advantage. However, further studies should be
conducted to assess the effect of p2-agonists on physical perfor-

mance in athletes with asthma or exercise-induced bronchospasm.
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