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Abstract
L_kdr�dminx�ogxrhb_k�odqenql_mbd�_cu_ms_fdr�nudq�edl_kdr�vhsghm�bnlodshshud�ronqs-�Sgd�rdw,a_rdc�rdfqdf_shnm�hmsn�l_kd�
_mc�edl_kd�ronqshmf�b_sdfnqhdr�cndr�mns�_bbntms�enq�sq_mrfdmcdq�odqrnmr�vgn�dwodqhdmbd�hmbnmfqtdmbd�adsvddm�sgdhq�ahn,
knfhb_k�rdw�_mc�sgdhq�dwodqhdmbdc�fdmcdq�hcdmshsx-�@bbnqchmfkx+�sgd�Hmsdqm_shnm_k�Nkxlohb�Bnllhssdd�%HNB(�cdsdqlhmdc�
bqhsdqh_�ax�vghbg�_�sq_mrfdmcdq�vnl_m�l_x�ad�dkhfhakd�sn�bnlodsd�hm�sgd�edl_kd�b_sdfnqx+�qdpthqhmf�sns_k�rdqtl�sdrsnrsdqnmd�
kdudkr sn�ad�rtooqdrrdc�adknv�0/ mlnk.K�enq�_s�kd_rs�01 lnmsgr�oqhnq�sn�_mc�ctqhmf�bnlodshshnm-�Vgdsgdq�sghr�qdftk_shnm�
qdlnudr�sgd�l_kd�odqenql_mbd�_cu_ms_fd�g_r�mns�addm�rbqtshmhydc-�Gdqd+�vd�qduhdv�gnv�chödqdmbdr�hm�ahnknfhb_k�bg_q_b,
sdqhrshbr�adsvddm�ahnknfhb_k�l_kdr�_mc�edl_kdr�_ödbs�ronqshmf�odqenql_mbd�_mc�_rrdrr�vgdsgdq�duhcdmbd�dwhrsr�sn�rtoonqs�
sgd�_rrtloshnm�sg_s�sdrsnrsdqnmd�rtooqdrrhnm�hm�sq_mrfdmcdq�vnldm�qdlnudr�sgd�l_kd�odqenql_mbd�_cu_ms_fd�_mc�sgtr�
cdkhudqr�e_hq�_mc�r_ed�bnlodshshnm-�Vd�qdonqs�sg_s�sgd�odqenql_mbd�f_o�adsvddm�l_kdr�_mc�edl_kdr�adbnldr�rhfmh“b_ms�_s�
otadqsx�_mc�nesdm�_lntmsr�sn�0/fl4/ �cdodmchmf�nm�ronqs-�Sgd�odqenql_mbd�f_o�hr�lnqd�oqnmntmbdc�hm�ronqshmf�_bshuhshdr�
qdkxhmf�nm�ltrbkd�l_rr�_mc�dwoknrhud�rsqdmfsg+�o_qshbtk_qkx�hm�sgd�toodq�ancx-�Knmfhstchm_k�rstchdr�dw_lhmhmf�sgd�dödbsr�ne�
sdrsnrsdqnmd�rtooqdrrhnm�nm�ltrbkd�l_rr�_mc�rsqdmfsg�hm�sq_mrfdmcdq�vnldm�bnmrhrsdmskx�rgnv�udqx�lncdrs�bg_mfdr+�vgdqd�
sgd�knrr�ne�kd_m�ancx�l_rr+�ltrbkd�_qd_�_mc�rsqdmfsg�sxohb_kkx�_lntmsr�sn�_ooqnwhl_sdkx�4 �_esdq�01 lnmsgr�ne�sqd_sldms-�
Sgtr+�sgd�ltrbtk_q�_cu_ms_fd�dminxdc�ax�sq_mrfdmcdq�vnldm�hr�nmkx�lhmhl_kkx�qdctbdc�vgdm�sdrsnrsdqnmd�hr�rtooqdrrdc-�
Ronqsr�nqf_mhy_shnmr�rgntkc�bnmrhcdq�sghr�duhcdmbd�vgdm�qd_rrdrrhmf�btqqdms�onkhbhdr�qdf_qchmf�o_qshbho_shnm�ne�sq_mrfdmcdq�
vnldm�hm�sgd�edl_kd�b_sdfnqx�ne�ronqs-

Key Points 

Fhudm�sg_s�ahnknfhb_k�l_kdr�dwodqhdmbd�_�rtars_msh_k�odq,
enql_mbd�_cu_ms_fd�nudq�edl_kdr�hm�lnrs�ronqsr+�sgdqd�
hr�btqqdmskx�_�cda_sd�vgdsgdq�hmbktrhnm�ne�sq_mrfdmcdq�
vnldm�hm�sgd�edl_kd�b_sdfnqx�ne�ronqsr�vntkc�bnloqn,
lhrd�sgd�naidbshud�ne�e_hq�_mc�r_ed�bnlodshshnm-

Gdqd+�vd�qdonqs�sg_s�btqqdms�duhcdmbd�rgnvr�sgd�ahnknfh,
b_k�_cu_ms_fd+�lnrs�mns_akx�hm�sdqlr�ne�ltrbkd�l_rr�_mc�
rsqdmfsg+�bnmedqqdc�ax�l_kd�otadqsx�_mc�sgtr�dminxdc�
ax�lnrs�sq_mrfdmcdq�vnldm�hr�nmkx�lhmhl_kkx�qdctbdc�
vgdm�sdrsnrsdqnmd�hr�rtooqdrrdc _r�odq�btqqdms�ronqshmf�
fthcdkhmdr�enq�sq_mrfdmcdq�_sgkdsdr-

Sghr�duhcdmbd�hr�qdkdu_ms�enq�onkhbhdr�qdf_qchmf o_qshbh,
o_shnm�ne�sq_mrfdmcdq�vnldm�hm�sgd�edl_kd�b_sdfnqx�ne�
ronqs-

Supplementary Information� Sgd�nmkhmd�udqrhnm�bnms_hmr�
rtookdldms_qx�l_sdqh_k�_u_hk_akd�_s�gssor�9..cnh-nqf.0/-0//6.r3/16�
8,/1/,/0278�,2-

��� Snllx�Q-�Ktmcadqf�
snllx-ktmcadqf?jh-rd

0� E_btksx�ne Ahnknfx+�Ldchbhmd�_mc Gd_ksg+�Tmhudqrhsx�
ne L_mbgdrsdq+�L_mbgdrsdq+�TJ

1� Cdo_qsldms�ne K_anq_snqx�Ldchbhmd.@M@�Etstq_+�Chuhrhnm�
ne Bkhmhb_k�Ogxrhnknfx+�J_qnkhmrj_�Hmrshstsds+�@keqdc�Mnakdr�
@kkä�7A+�Gtcchmfd+�030 41 Rsnbjgnkl+�Rvdcdm

2� Tmhs�ne Bkhmhb_k�Ogxrhnknfx+�J_qnkhmrj_�Tmhudqrhsx�Gnrohs_k+�
Rsnbjgnkl+�Rvdcdm
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1 Introduction

Ronqshmf�odqenql_mbd�hr�rsqnmfkx�hmfitdmbdc�ax�_�q_mfd�ne�
ogxrhnknfhb_k�e_bsnqr+�hmbktchmf�ltrbkd�enqbd�_mc�onvdq,
oqnctbhmf�b_o_bhsx+�_msgqnonldsqhb�bg_q_bsdqhrshbr+�b_qch,
nqdrohq_snqx�b_o_bhsx�_mc�lds_ankhb�e_bsnqr�Z0+�1[-�L_mx�
ne�sgdrd�ogxrhnknfhb_k�e_bsnqr�chödq�rhfmh“b_mskx�adsvddm�
ahnknfhb_k�l_kdr�_mc�edl_kdr�_r�_�qdrtks�ne�fdmdshb�chödq,
dmbdr�_mc�_mcqnfdm,chqdbsdc�cdudknoldms�ne�rdbnmc_qx�
rdw�bg_q_bsdqhrshbr�Z2+�3[-�Sghr�bnmedqr�k_qfd�ronqshmf�odq,
enql_mbd�_cu_ms_fdr�nm�ahnknfhb_k�l_kdr�nudq�edl_kdr�Z4[-
Vgdm�bnlo_qhmf�_sgkdsdr�vgn�bnlodsd�chqdbskx�_f_hmrs�

nmd�_mnsgdq+�rtbg�_r�dkhsd�nq�bnlo_q_akd�kdudkr�ne�rbgnnk,
_fdc�_sgkdsdr+�sgd�ogxrhnknfhb_k�_cu_ms_fdr�bnmedqqdc�ax�
ahnknfhb_k�rdw�_ood_q+�nm�_rrdrrldms�ne�odqenql_mbd�c_s_+�
hmrtqlntms_akd-�Etqsgdq+�hm�ronqsr�vgdqd�bnms_bs+�bnkkhrhnm�
nq�bnla_s�_qd�hlonqs_ms�enq�f_ldok_x+�vhcdkx�chödqdms�
ogxrhnknfhb_k�_ssqhatsdr�l_x�bqd_sd�r_edsx�_mc�_sgkdsd�vdk,
e_qd�bnmbdqmr+�mdbdrrhs_shmf�mns�nmkx�rdfqdf_shnm�ne�ronqs�
hmsn�l_kd�_mc�edl_kd�b_sdfnqhdr+�ats�_krn+�enq�dw_lokd+�
hmsn�vdhfgs�_mc�_fd�bk_rrdr-�Sgtr+�sn�dmrtqd�sg_s�ansg�ldm
_mc�vnldm�b_m�dminx�ronqs�hm�sdqlr�ne�e_hqmdrr+�r_edsx�_mc�
hmbktrhuhsx+�lnrs�ronqsr�_qd�chuhcdc+�hm�sgd�“qrs�hmrs_mbd+�
hmsn�l_kd�_mc�edl_kd�b_sdfnqhdr-
Rdfqdf_shmf�ronqsr�ax�ahnknfhb_k�rdw�cndr�mns�_bbntms�

enq� sq_mrfdmcdq�odqrnmr�vgn�dwodqhdmbd� hmbnmfqtdmbd�
adsvddm sgdhq�ahnknfhb_k�rdw�_mc�sgdhq�dwodqhdmbdc�fdm,
cdq�hcdmshsx+�_mc�vgnrd�kdf_k�rdw�l_x�ad�chödqdms�sn�sg_s�
qdbnqcdc�_s�ahqsg�Z5+�6[-�Lnqd�rodbh“b_kkx+� sq_mrfdmcdq�
vnldm�%nardqudc�_s�ahqsg�_r�ahnknfhb_kkx�l_kd�ats�hcdmsh,
exhmf�_r�vnldm(�l_x+�adenqd�nq�_esdq�bqnrr,gnqlnmd�sqd_s,
ldms+�vhrg�sn�bnlodsd�hm�sgd�edl_kd�b_sdfnqx-�Sghr�g_r�
q_hrdc�bnmbdqmr�_ants�e_hqmdrr�_mc�r_edsx�vhsghm�edl_kd�
bnlodshshnm+� _mc� sgd� hrrtd�ne�gnv� sn� e_hqkx� _mc� r_edkx�
_bbnllnc_sd�sq_mrfdmcdq�odqrnmr�hm�ronqs�g_r�addm�rta,
idbs�sn�ltbg�chrbtrrhnm�Z5fl02[-
Sgd�btqqdms�Hmsdqm_shnm_k�Nkxlohb�Bnllhssdd�%HNB(�

onkhbx�Z03[�nm�sq_mrfdmcdq�_sgkdsdr�rs_sdr�sg_s�‘hs�hr�mdbdr,
r_qx�sn�dmrtqd�hmrne_q�_r�onrrhakd�sg_s�sq_mr�_sgkdsdr�_qd�mns�
dwbktcdc�eqnl�sgd�noonqstmhsx�sn�o_qshbho_sd�hm�ronqshmf�
bnlodshshnm–-�Xds�sgd�onkhbx�_krn�rs_sdr�sg_s�‘sgd�nudqqhc,
hmf�ronqshmf�naidbshud�hr�_mc�qdl_hmr�sgd�ft_q_msdd�ne�e_hq�
bnlodshshnm–-�@r�sgdrd�fn_kr�l_x�ad�rddm�_r�bnmfihbshmf�he�
l_kd�odqenql_mbd�_cu_ms_fdr�_qd�b_qqhdc�sgqntfg�sn�bnl,
odshshnm�hm�sgd�edl_kd�b_sdfnqx+�sgd�HNB�bnmbktcdr�sg_s�
‘qdrsqhbshnmr�nm�o_qshbho_shnm�_qd�_ooqnoqh_sd�sn�sgd�dwsdms�
sg_s�sgdx�_qd�mdbdrr_qx�_mc�oqnonqshnm_sd�sn�sgd�_bghdud,
ldms�ne�sg_s�naidbshud–-
@bbnqchmfkx+� sgd� HNB�cdsdqlhmdc�bqhsdqh_�ax�vghbg�

sq_mrfdmcdq�vnldm�l_x�ad�dkhfhakd� sn�bnlodsd� hm� sgd�
edl_kd�b_sdfnqx-�Sgdrd�hmbktcd�_�rnkdlm�cdbk_q_shnm�sg_s�
gdq�fdmcdq�hcdmshsx�hr�edl_kd�_mc�sgd�l_hmsdm_mbd�ne�sns_k�

rdqtl�sdrsnrsdqnmd�kdudkr�adknv�0/ mlnk.K�enq�_s� kd_rs�
01 lnmsgr�oqhnq�sn�bnlodshmf�_mc�ctqhmf�bnlodshshnm�Z03[-�
Vghkrs�sgd�rbhdmsh“b�a_rhr�enq�sghr�sdrsnrsdqnmd�sgqdrgnkc�
v_r�mns�nodmkx�bnlltmhb_sdc�ax�sgd�HNB+�hs�hr�rtqlhrdc�
sg_s�sgd�HNB�adkhdudc�sghr�sdrsnrsdqnmd�bqhsdqhnm�rtffibhdms�
sn�qdctbd�sgd�ronqshmf�_cu_ms_fdr�ne�ahnknfhb_k�l_kdr�nudq�
edl_kdr�_mc�cdkhudq�e_hq�_mc�r_ed�bnlodshshnm�vhsghm�sgd�
edl_kd�b_sdfnqx-
Rdudq_k�rstchdr�g_ud�dw_lhmdc�sgd�dödbsr�ne�sdrsnrsdqnmd�

rtooqdrrhnm�nm�sgd�bg_mfhmf�ahnknfx+�ogxrhnknfx�_mc�odqenq,
l_mbd�l_qjdqr�ne�sq_mrfdmcdq�vnldm-�Hm�sghr�qduhdv+�vd�_hl�
sn�_rrdrr�vgdsgdq�duhcdmbd dwhrsr�sn�rtoonqs�sgd�_rrtloshnm�
sg_s�sdrsnrsdqnmd�rtooqdrrhnm�hm�sq_mrfdmcdq�vnldm�qdlnudr�
sgdrd�_cu_ms_fdr-�Sn�_bghdud�sghr�_hl+�vd�“qrs�qduhdv�sgd�
chödqdmbdr�hm�ahnknfhb_k bg_q_bsdqhrshbr�adsvddm�ahnknfhb_k�
l_kdr�_mc�edl_kdr+�_mc�dw_lhmd�gnv�sgnrd�chödqdmbdr�_ödbs�
ronqshmf�odqenql_mbd-�Vd�sgdm�du_kt_sd�sgd�rstchdr�sg_s�g_ud�
ld_rtqdc�dkdldmsr�ne�odqenql_mbd�_mc�ogxrhb_k�b_o_bhsx�
enkknvhmf�sdrsnrsdqnmd�rtooqdrrhnm�hm�tmsq_hmdc�sq_mrfdmcdq�
vnldm+�_mc�chrbtrr�sgd�qdkdu_mbd�ne�sgdrd�“mchmfr�sn�sgd�
rtoonrhshnm�ne�e_hqmdrr�_mc�r_edsx�%h-d-�qdlnu_k�ne�sgd�l_kd�
odqenql_mbd�_cu_ms_fd(�_r�odq�btqqdms�ronqshmf�fthcdkhmdr-

2  The Biological Basis fnq Roorting 
Performance Advans‘fdr hm Lales

Sgd�ogxrhb_k�chudqfdmbd�adsvddm�l_kdr�_mc�edl_kdr�adfhmr�
ctqhmf�d_qkx�dlaqxnfdmdrhr+�vgdm�ahonsdmsh_k�fnm_cr�_qd�
sqhffdqdc� sn� cheedqdmsh_sd� hmsn� sdrsdr� nq� nu_qhdr+� sgd� shr,
rtdr�sg_s�vhkk�oqnctbd�rodql�hm�l_kdr�_mc�nu_�hm�edl_kdr+�
qdrodbshudkx�Z04[-�Fnm_c�chödqdmsh_shnm�hmsn�sdrsdr�nq�nu_qhdr�
cdsdqlhmdr+�uh_�sgd�rodbh“b�gnqlnmd�lhkhdt�d_bg�fdmdq_sdr+�
cnvmrsqd_l�hm�tsdqn�qdoqnctbshud�_m_snlx�cdudknoldms�
Z05[+�oqnctbhmf�l_kd�nq�edl_kd�ancx�ok_mr-�Vd�mnsd�sg_s�hm�
q_qd�hmrs_mbdr+�chödqdmbdr�hm�rdw�cdudknoldms�%CRCr(�nbbtq�
_mc�sgd�sxohb_k�oqnfqdrrhnm�ne�l_kd�nq�edl_kd�cdudknoldms�hr�
chrqtosdc�Z06[-�Sgd�b_sdfnqhr_shnm�ne�rtbg�_sgkdsdr�hr�adxnmc�
sgd�rbnod�ne�sghr�qduhdv+�_mc�sgd�hlo_bs�ne�hmchuhct_k�CRCr�
nm�ronqshmf�odqenql_mbd�ltrs�ad�bnmrhcdqdc�nm�sgdhq�nvm�
ldqhsr-
Hm�d_qkx�bghkcgnnc+�oqhnq�sn�otadqsx+�ronqshmf�o_qshbho_shnm�

oqhnqhshrdr�sd_l�ok_x�_mc�sgd�cdudknoldms�ne�etmc_ldms_k�
lnsnq�_mc�rnbh_k�rjhkkr+�_mc�hr�rnldshldr�lhwdc�rdw-�@sgkdshb�
odqenql_mbd�chödqdmbdr�adsvddm�l_kdr�_mc�edl_kdr�oqhnq�sn�
otadqsx�_qd�nesdm�bnmrhcdqdc�hmbnmrdptdmsh_k�nq�qdk_shudkx�
rl_kk�Z07[-�Mnmdsgdkdrr+�oqd,otadqsx�odqenql_mbd�chödq,
dmbdr�_qd�mns�tmdpthunb_kkx�mdfkhfhakd+�_mc�bntkc�ad�ldch,
_sdc+�sn�rnld�dwsdms+�ax�fdmdshb�e_bsnqr�_mc.nq�_bshu_shnm�ne�
sgd�gxonsg_k_lhbflohsths_qxflfnm_c_k�_whr�ctqhmf�sgd�mdnm_s_k�
odqhnc+�rnldshldr�qdedqqdc�sn�_r�‘lhmhotadqsx–-�Enq�dw_l,
okd+�rnld�54//�fdmdr�_qd�chödqdmsh_kkx�dwoqdrrdc�adsvddm�
l_kdr�_mc�edl_kdr�Z08[�vhsg�_m�drshl_sdc�2///�rdw,rodbh“b�



201Dffdbsr�ne�Sdrsnrsdqnmd�Rtooqdrrhnm�hm�Sq‘mrfdmcdq�Vnldm

chödqdmbdr�hm�rjdkds_k�ltrbkd�khjdkx�sn�hmfitdmbd�bnlonrhshnm�
_mc�etmbshnm�adxnmc�sgd�dödbsr�ne�_mcqnfdmhr_shnm�Z2[+�vghkd�
hmbqd_rdc�sdrsnrsdqnmd�ctqhmf�lhmhotadqsx�hm�l_kdr�_fdc�
0fl5 lnmsgr�l_x�ad�bnqqdk_sdc�vhsg�ghfgdq�fqnvsg�udknbhsx�
_mc�_m�‘hloqhmshmf�dödbs–�nm�ALH�_mc�ancxvdhfgs�Z1/+�10[-�
@m�dwsdmrhud�qduhdv�ne�“smdrr�c_s_�eqnl�nudq�74+///�@tr,
sq_kh_m�bghkcqdm�_fdc�8fl06 xd_qr�nkc�rgnvdc�sg_s+�bnlo_qdc�
vhsg�8,xd_q,nkc�edl_kdr+�8,xd_q,nkc�l_kdr�vdqd�e_rsdq�nudq�
rgnqs�roqhmsr�%8-7 (�_mc�0�lhkd�%05-5 (+�bntkc�itlo�8-4 �
etqsgdq�eqnl�_�rs_mchmf�rs_qs�%_�sdrs�ne�dwoknrhud�onvdq(+�
bntkc�bnlokdsd�22 �lnqd�otrg,tor�hm�2/ r�_mc�g_c�02-7 �
rsqnmfdq�fqho�Z11[-�L_kd�_cu_ms_fd�ne�_�rhlhk_q�l_fmhstcd�
v_r�cdsdbsdc�hm�_�rstcx�ne�Fqddj�bghkcqdm+�vgdqd+�bnlo_qdc�
vhsg�5,xd_q,nkc�edl_kdr+�5,xd_q,nkc�l_kdr�bnlokdsdc�05-5 �
lnqd�rgtsskd� qtmr� hm�_�fhudm� shld�_mc�bntkc� itlo�8-6 �
etqsgdq�eqnl�_�rs_mchmf�onrhshnm�Z12[-�Hm�sdqlr�ne�_dqnahb�
b_o_bhsx+�5,�sn�6,xd_q,nkc�l_kdr�g_ud�addm�rgnvm�sn�g_ud�_�
ghfgdq�_arnktsd�_mc�qdk_shud�%sn�ancx�l_rr(�UN1l_w�sg_m�5,�sn�
6,xd_q,nkc�edl_kdr�Z13[- Mnmdsgdkdrr+�vghkd�rnld�ahnknfhb_k�
rdw�chödqdmbdr+�oqna_akx�fdmdshb�hm�nqhfhm+�_qd�ld_rtq_akd�
_mc�_ödbs�odqenql_mbd�oqd,otadqsx+�vd�bnmrhcdq�sgd�dödbs�ne�
_mcqnfdmhyhmf�otadqsx�lnqd�hmfitdmsh_k�nm�odqenql_mbd+�_mc�
g_ud�enbtrdc�ntq�_m_kxrhr�nm�ltrbtknrjdkds_k�chödqdmbdr�
gdqd_esdq-
Rdbnmc_qx�rdw�bg_q_bsdqhrshbr�sg_s�cdudkno�ctqhmf�otadqsx�

g_ud�dunkudc�tmcdq�rdwt_k�rdkdbshnm�oqdrrtqdr�sn�hloqnud�
qdoqnctbshud�“smdrr�_mc�sgtr�fdmdq_sd�_m_snlhb_k�chudqfdmbd�
adxnmc�sgd�qdoqnctbshud�rxrsdl+�kd_chmf�sn�_ctks�ancx�sxodr�
sg_s�_qd�ld_rtq_akx�chödqdms�adsvddm�rdwdr-�Sghr�ogdmnl,
dmnm�hr�jmnvm�_r�rdw�chlnqoghrl-�Ctqhmf�otadqsx+�sdrsdr,
cdqhudc�sdrsnrsdqnmd�kdudkr�hmbqd_rd�1/,enkc�hm�l_kdr+�ats�
qdl_hm�knv�hm�edl_kdr+�qdrtkshmf�hm�bhqbtk_shmf�sdrsnrsdqnmd�
bnmbdmsq_shnmr�_s� kd_rs�04�shldr�ghfgdq� hm�l_kdr� sg_m�hm�
edl_kdr�ne�_mx�_fd�Z3+�14[-�Sdrsnrsdqnmd�hm�l_kdr�hmctbdr�
bg_mfdr�hm�ltrbkd�l_rr+�rsqdmfsg+�_msgqnonldsqhb�u_qh_akdr�
_mc�gdlnfknahm�kdudkr�Z3[+�_r�o_qs�ne�sgd�q_mfd�ne�rdwt_kkx�
chlnqoghb�bg_q_bsdqhrshbr�nardqudc�hm�gtl_mr-
Aqn_ckx+�l_kdr�_qd�ahffdq�_mc�rsqnmfdq�sg_m�edl_kdr-�Hs�

enkknvr�sg_s+�vhsghm�bnlodshshud�ronqs+�l_kdr�dminx�rhfmh“,
b_ms�odqenql_mbd�_cu_ms_fdr�nudq�edl_kdr+�oqdchb_sdc�nm�
sgd�rtodqhnq�ogxrhb_k�b_o_bhsx�cdudknodc�ctqhmf�otadqsx�
hm�qdronmrd�sn�sdrsnrsdqnmd-�Sgtr+�sgd�ahnknfhb_k�dödbsr�ne�
dkdu_sdc�otadqs_k�sdrsnrsdqnmd�_qd�oqhl_qhkx�qdronmrhakd�enq�
cqhuhmf�sgd�chudqfdmbd�ne�_sgkdshb�odqenql_mbdr�adsvddm�
l_kdr�_mc�edl_kdr�Z3[-�Hs�hr�_bjmnvkdcfdc�sg_s�sghr�chudq,
fdmbd�g_r�addm�bnlontmcdc�ghrsnqhb_kkx�ax�_�k_f�hm�sgd�btk,
stq_k�_bbdos_mbd�ne+�_mc�“m_mbh_k�oqnuhrhnm�enq+�edl_kdr�hm�
ronqs�sg_s�l_x�g_ud�g_c�hlokhb_shnmr�enq�sgd�q_sd�ne�hloqnud,
ldms� hm�_sgkdshb�odqenql_mbd� hm� edl_kdr-�Xds+� rhmbd� sgd�
088/r+�sgd�chödqdmbd�hm�odqenql_mbd�qdbnqcr�adsvddm�l_kdr�
_mc�edl_kdr�g_r�addm�qdk_shudkx�rs_akd+�rtffdrshmf�sg_s�ahn,
knfhb_k�chödqdmbdr�bqd_sdc�ax�_mcqnfdmhy_shnm�dwok_hm�lnrs�
ne�sgd�l_kd�_cu_ms_fd+�_mc�_qd�hmrtqlntms_akd�Z4+�15+�16[-

S_akd 0�ntskhmdr�ogxrhb_k�_ssqhatsdr�sg_s�_qd�l_inq�o_q_ld,
sdqr�tmcdqohmmhmf�sgd�l_kd�odqenql_mbd�_cu_ms_fd�Z17fl27[-�
L_kdr�g_ud9�k_qfdq�_mc�cdmrdq�ltrbkd�l_rr+�_mc�rshödq�bnm,
mdbshud�shrrtd+�vhsg�_rrnbh_sdc�b_o_bhsx�sn�dwdqs�fqd_sdq�ltr,
btk_q�enqbd�lnqd�q_ohckx�_mc�dffibhdmskx:�qdctbdc�e_s�l_rr+�
_mc�chödqdms�chrsqhatshnm�ne�ancx�e_s�_mc�kd_m�ltrbkd�l_rr+�
vghbg�hmbqd_rdr�onvdq�sn�vdhfgs�q_shnr�_mc�toodq�sn�knvdq�
khla�rsqdmfsg�hm�ronqsr�vgdqd�sghr�l_x�ad�_�bqtbh_k�cdsdqlh,
m_ms�ne�rtbbdrr:�knmfdq�_mc�k_qfdq�rjdkds_k�rsqtbstqd+�vghbg�
bqd_sdr�_cu_ms_fdr�hm�ronqsr�vgdqd�kdudqr�hmfitdmbd�enqbd�
_ookhb_shnm+�vgdqd�knmfdq�khla.chfhs�kdmfsg�hr�e_unq_akd+�_mc�
vgdqd�gdhfgs+�l_rr�_mc�oqnonqshnmr�_qd�chqdbskx�qdronmrh,
akd�enq�odqenql_mbd�b_o_bhsx:�rtodqhnq�b_qchnu_rbtk_q�_mc�
qdrohq_snqx�etmbshnm+�vhsg�k_qfdq�aknnc�_mc�gd_qs�unktldr+�
ghfgdq�gdlnfknahm�bnmbdmsq_shnm+�fqd_sdq�bqnrr,rdbshnm_k�
_qd_�ne�sgd�sq_bgd_�_mc�knvdq�nwxfdm�bnrs�ne�qdrohq_shnm�Z2+�3+�
28+�3/[-�Ne�bntqrd+�chödqdms�ronqsr�rdkdbs�enq�chödqdms�ogxrh,
nknfhb_k�bg_q_bsdqhrshbr”_m�_cu_ms_fd�hm�nmd�chrbhokhmd�l_x�
ad�mdtsq_k�nq�dudm�_�chr_cu_ms_fd�hm�_mnsgdq”ats�dw_lhm_,
shnm�ne�_�u_qhdsx�ne�qdbnqc�_mc�odqenql_mbd�ldsqhbr�hm�_mx�
chrbhokhmd�qdud_kr�sgdqd�_qd�edv�ronqshmf�chrbhokhmdr�vgdqd�
l_kdr�cn�mns�onrrdrr�odqenql_mbd�_cu_ms_fd�nudq�edl_kdr�
_r�_�qdrtks�ne�sgd�ogxrhnknfhb_k�bg_q_bsdqhrshbr�_ödbsdc�ax�
sdrsnrsdqnmd-

3  Sports Performance Dhfferences Between 
M‘kdr�‘mc Eemales

3.1  An Overviev�ne Dkhse Adult Athletes

@�bnlo_qhrnm�ne�_ctks�dkhsd�l_kd�_mc�edl_kd�_bghdudldmsr�
hm�ronqshmf�_bshuhshdr�b_m�pt_mshex�sgd�dwsdms�ne�sgd�l_kd�odq,
enql_mbd�_cu_ms_fd-�Vd�rd_qbgdc�otakhbkx�_u_hk_akd�ronqsr�
edcdq_shnm�c_s_a_rdr�_mc.nq�sntqm_ldms.bnlodshshnm�qdbnqcr�
sn�hcdmshex�ronqshmf�ldsqhbr�hm�u_qhntr�dudmsr�_mc�chrbhokhmdr+�
_mc�b_kbtk_sdc�sgd�odqenql_mbd�ne�l_kdr�qdk_shud�sn�edl_kdr-�
@ksgntfg�mns�_m�dwg_trshud�khrs+�dw_lokdr�ne�odqenql_mbd�
f_or�hm�_�q_mfd�ne�ronqsr�vhsg�u_qhntr�ctq_shnmr+�ogxrhnknfh,
b_k�odqenql_mbd�cdsdqlhm_msr+�rjhkk�bnlonmdmsr�_mc�enqbd�
qdpthqdldmsr�_qd�rgnvm�hm�Ehf- 0-
Sgd�rl_kkdrs�odqenql_mbd�f_or�vdqd�rddm� hm� qnvhmf+�

rvhllhmf�_mc�qtmmhmf�%00fl02 (+�vhsg�knv�u_qh_shnm�_bqnrr�
hmchuhct_k� dudmsr�vhsghm� d_bg� ne� sgnrd� b_sdfnqhdr-� Sgd�
odqenql_mbd�f_o�hmbqd_rdr�sn�_m�_udq_fd�ne�05 �hm�sq_bj�
bxbkhmf+�vhsg�ghfgdq�u_qh_shnm�_bqnrr�dudmsr�%eqnl�8 �hm�sgd�
3/// l�sd_l�otqrths�sn�13 �hm�sgd�fixhmf�4// l�shld�sqh_k(-�
Sgd�_udq_fd�odqenql_mbd�f_o�hr�07 �hm� itlohmf�dudmsr�
%knmf�itlo+�ghfg�itlo�_mc�sqhokd�itlo(-�Odqenql_mbd�che,
edqdmbdr�k_qfdq�sg_m�1/ �_qd�fdmdq_kkx�oqdrdms�vgdm�bnmrhc,
dqhmf�ronqsr�_mc�_bshuhshdr�sg_s�hmunkud�dwsdmrhud�toodq�ancx�
bnmsqhatshnmr-�Sgd�f_o�adsvddm�e_rsdrs�qdbnqcdc�sdmmhr�rdqud�
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Table 1  Rdkdbsdc�ogxrhb_k�
chödqdmbd�adsvddm�tmsq_hmdc.
lncdq_sdkx�sq_hmdc�l_kdr�_mc�
edl_kdr-�Edl_kd�kdudkr�_qd�rds�_r�
sgd�qdedqdmbd�u_ktd

U_qh_akd L_fmhstcd�ne�rdw�chödqdmbd�
% (

Qdedqdmbdr

Ancx�bnlonrhshnm
 Kd_m�ancx�l_rr 34 Kdd�ds _k-�Z17[
 E_s ±�2/
Ltrbkd�l_rr
 Knvdq�ancx 22 I_mrrdm�ds _k-�Z18[
 Toodq�ancx 3/
Ltrbkd�rsqdmfsg
 Fqho�rsqdmfsg 46 Ang_mmnm�ds _k-�Z2/[
 Jmdd�dwsdmrhnm�od_j�snqptd 43 Mdcdq�ds _k-�Z20[
@msgqnonldsqx�_mc�anmd�fdnldsqx
 Edltq�kdmfsg 8-3 I_msy�ds _k-�Z21[
 Gtldqtr�kdmfsg 01-/ Aqhmbjl_mm�ds _k-�Z22[
 Q_chtr�kdmfsg 03-5
 Odkuhb�vhcsg�qdk_shud�sn�odkuhr�gdhfgs ±�5-0
Sdmcnm�oqnodqshdr
 Enqbd 72 Kdokdx�ds _k-�Z23[
 Rshömdrr 30

UN1l_w
 @arnktsd�u_ktdr 4/ O_sd�ds _k-�Z24[
 Qdk_shud�u_ktdr 14
Qdrohq_snqx�etmbshnm
 Otklnm_qx�udmshk_shnm�%l_whl_k( 37 Årsq_mc�ds _k-�Z25[
B_qchnu_rbtk_q�etmbshnm
 Kdes�udmsqhbtk_q�l_rr 20 Årsq_mc�ds _k-�Z25[
 B_qch_b�ntsots�%qdrs( 11 Adrs�ds _k-�Z26[
 B_qch_b�ntsots�%l_whl_k( 2/ Snmf�ds _k-�Z27[
 Rsqnjd�unktld�%qdrs( 32
 Rsqnjd�unktld�%l_whl_k( 23
 Gdlnfknahm�bnmbdmsq_shnm 00

Fig. 1  Sgd�l_kd�odqenql_mbd�
_cu_ms_fd�nudq�edl_kdr�_bqnrr�
u_qhntr�rdkdbsdc�ronqshmf�
chrbhokhmdr-�Sgd�edl_kd�kdudk�
hr�rds�sn�0// -�Hm�ronqs�dudmsr�
vhsg�ltkshokd�chrbhokhmdr+ sgd�
l_kd�u_ktd�g_r�addm�_udq_fdc�
_bqnrr�chrbhokhmdr+�_mc�sgd�dqqnq�
a_qr�qdoqdrdms�sgd�q_mfd�ne�sgd�
_cu_ms_fd-�Sgd�ldsqhbr�vdqd�
bnlohkdc�eqnl�otakhbkx�_u_hk,
_akd�ronqsr�edcdq_shnm�c_s_a_rdr�
_mc.nq�sntqm_ldms.bnlodshshnm�
qdbnqcr-�LSA�lntms_hm�ahjd
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hr�1/ +�vghkd�sgd�f_or�adsvddm�e_rsdrs�qdbnqcdc�a_rda_kk�
ohsbgdr�_mc�“dkc�gnbjdx�cq_f�fihbjr�dwbddc�4/ -
Ronqsr�odqenql_mbd�qdkhdr�sn�rnld�cdfqdd�nm�sgd�l_fmh,

stcd+�roddc�_mc�qdod_s_ahkhsx�ne�enqbd�_ookhb_shnm+�_mc+�vhsg�
qdrodbs�sn�sgd�roddc�ne�enqbd�oqnctbshnm�%onvdq(+�udqshb_k�
itlo�odqenql_mbd�hr�nm�_udq_fd�22 �fqd_sdq�hm�dkhsd�ldm�
sg_m�vnldm+�vhsg�chödqdmbdr�q_mfhmf�eqnl�16-7 �enq�dmctq,
_mbd�ronqsr�sn�hm�dwbdrr�ne�3/ �enq�oqdbhrhnm�_mc�bnla_s�
ronqsr�Z30[-�Adb_trd�hlokdldms�l_rr�chödqr+�chqdbs�bnl,
o_qhrnmr�_qd�mns�onrrhakd�hm�sgqnvhmf�dudmsr�hm�sq_bj�_mc�
“dkc�_sgkdshbr-�Gnvdudq+�sgd�odqenql_mbd�f_o�hr�jmnvm�sn�
ad�rtars_msh_k+�_mc�sgqnvhmf�qdoqdrdmsr�sgd�vhcdrs�rdw�che,
edqdmbd�hm�lnsnq�odqenql_mbd�eqnl�_m�d_qkx�_fd�Z31[-�Hm�
Nkxlohb�i_udkhm�sgqnvdqr+�sghr�hr�l_mhedrsdc�hm�chödqdmbdr�
hm�sgd�od_j�khmd_q�udknbhshdr�ne�sgd�rgntkcdq+�vqhrs+�dkanv�
_mc�g_mc+�_kk�ne�vghbg�_qd�02fl10 �ghfgdq�enq�l_kd�_sgkdsdr�
bnlo_qdc�vhsg�edl_kdr�Z32[-
Sgd� hmbqd_rhmf� odqenql_mbd� f_o� adsvddm�l_kdr� _mc�

edl_kdr�_r�toodq�ancx�rsqdmfsg�adbnldr�lnqd�bqhshb_k�enq�
odqenql_mbd� hr� khjdkx�dwok_hmdc� sn�_� k_qfd�dwsdms�ax� sgd�
nardqu_shnm� sg_s�l_kdr� g_ud� chroqnonqshnm_sdkx� fqd_sdq�
rsqdmfsg� hm� sgdhq� toodq� bnlo_qdc� sn� knvdq� ancx+�vghkd�
edl_kdr�rgnv�sgd�hmudqrd�Z33+�34[-�Sghr�chödqdms�chrsqhatshnm�
ne�rsqdmfsg�bnlontmcr�sgd�fdmdq_k�_cu_ms_fd�ne�hmbqd_rdc�
ltrbkd�l_rr�hm�toodq�ancx�cnlhm_ms�chrbhokhmdr-�L_kdr�_krn�
g_ud�knmfdq�_qlr�sg_m�edl_kdr+�vghbg�_kknvr�fqd_sdq�snqptd�
oqnctbshnm�eqnl�sgd�_ql�kdudq�vgdm+�enq�dw_lokd+�sgqnvhmf�
_�a_kk+�otmbghmf�nq�otrghmf-

3.2  Olympic Weightlifting

Hm�Nkxlohb�vdhfgskheshmf+�vgdqd�vdhfgs�b_sdfnqhdr�che,
edq�adsvddm�l_kdr�_mc�edl_kdr+�sgd�odqenql_mbd�f_o�hr�
adsvddm�20�_mc�26 �_bqnrr�sgd�q_mfd�ne�bnlodshshud�ancx�
vdhfgsr�adsvddm�0887�_mc�1/1/�%Ehf- 0(-�Hs�hr�hlonqs_ms�sn�
mnsd�sg_s�_s�_kk�vdhfgs�b_sdfnqhdr�adknv�sgd�sno.nodm�b_sd,
fnqx+�odqenql_mbdr�_qd�oqnctbdc�vhsghm�vdhfgs�b_sdfnqhdr�

vhsg�_m�toodq�khlhs+�vgdqd�rsqdmfsg�b_m�ad�bnqqdk_sdc�vhsg�
‘“fgshmf�vdhfgs–+�_mc�vd�enbtrdc�ntq�_m_kxrhr�ne�odqenq,
l_mbd�f_or�hm�sgdrd�b_sdfnqhdr-
Sn� dwoknqd� rsqdmfsgfll_rr� qdk_shnmrghor� etqsgdq+�vd�

bnlo_qdc�Nkxlohb�vdhfgskheshmf�c_s_�adsvddm�dpthu_,
kdms�vdhfgs�b_sdfnqhdr�vghbg+�sn�rnld�dwsdms+�khlhs�_sgkdsd�
gdhfgs+�sn�dw_lhmd�sgd�gxonsgdrhr�sg_s�l_kd�odqenql_mbd�
_cu_ms_fd�l_x�ad�k_qfdkx�%nq�dudm�vgnkkx(�ldch_sdc�ax�
hmbqd_rdc�gdhfgs�_mc�kdudq,cdqhudc�_cu_ms_fdr�%S_akd 1(-�
Adsvddm�0887�_mc�1/07+�_�58 jf�b_sdfnqx�v_r�bnllnm�
sn�ansg�l_kdr�_mc�edl_kdr+�vhsg�sgd�l_kd�qdbnqc�gnkcdq�
%58 jf+�0-57 l(�kheshmf�_�bnlahmdc�vdhfgs�2/-0 �gd_uhdq�
sg_m�sgd�edl_kd�qdbnqc�gnkcdq�%58 jf+�0-53 l(-�Vdhfgs�b_sd,
fnqx�bg_mfdr�hm�1/08�qdlnudc�sgd�bnllnm�58 jf�b_sdfnqx�
_mc�bqd_sdc�_�bnllnm�44 jf�b_sdfnqx-�Sgd�btqqdms�l_kd�
qdbnqc�gnkcdq�%44 jf+�0-41 l(�khesr�18-4 �gd_uhdq�sg_m�sgd�
edl_kd�qdbnqc�gnkcdq�%44 jf+�0-41 l(-�Sgdrd�bnlo_qhrnmr�
cdlnmrsq_sd�sg_s�l_kdr�_qd�_ooqnwhl_sdkx�2/ �rsqnmfdq�
sg_m�edl_kdr�ne�dpthu_kdms�rs_stqd�_mc�l_rr-�Gnvdudq+�
hlonqs_mskx+�l_kd�ur-�edl_kd�vdhfgskheshmf�odqenql_mbd�
f_or�hmbqd_rd�vhsg�hmbqd_rhmf�ancxvdhfgs-�Enq�dw_lokd+�hm�
sgd�sno.nodm�vdhfgs�b_sdfnqx�ne�Nkxlohb�vdhfgskheshmf+�hm�
sgd�_ardmbd�ne�vdhfgs�%_mc�_rrnbh_sdc�gdhfgs(�khlhsr+�l_wh,
ltl�l_kd�kheshmf�rsqdmfsg�dwbddcr�edl_kd�kheshmf�rsqdmfsg�
ax�md_qkx�3/ -�Sghr�hr�etqsgdq�l_mhedrsdc�hm�onvdqkhes,
hmf+�vgdqd�sgd�l_kd�qdbnqc�%sns_k�ne�rpt_s+�admbg�oqdrr�
_mc�cd_ckhes(�hr�54 �ghfgdq�sg_m�sgd�edl_kd�qdbnqc�hm�sgd�
nodm�vdhfgs�b_sdfnqx�ne�sgd�Vnqkc�Nodm�Bk_rrhb�Qdbnqcr-�
Etqsgdq�_m_kxrhr�ne�Nkxlohb�vdhfgskheshmf�c_s_�rgnvr�sg_s�
sgd�44,jf�l_kd�qdbnqc�gnkcdq�hr�5-4 �rsqnmfdq�sg_m�sgd�
58,jf�edl_kd�qdbnqc�gnkcdq�%183 jf�ur�165 jf(+�_mc�sg_s�
sgd�58,jf�l_kd�qdbnqc�hr�2-1 �ghfgdq�sg_m�sgd�qdbnqc�gdkc�
hm�sgd�edl_kd�nodm�b_sdfnqx�ax�_�0/7,jf�edl_kd�%248 jf�ur�
237 jf(-�Sghr�Nkxlohb�vdhfgskheshmf�_m_kxrhr�qdud_kr�jdx�
chödqdmbdr�adsvddm�l_kd�_mc�edl_kd�rsqdmfsg�b_o_bhsx-�
Hs�rgnvr�sg_s+�dudm�_esdq�_citrsldms�enq�l_rr+�ahnknfhb_k�
l_kdr�_qd�rhfmh“b_mskx�rsqnmfdq�%2/ (�sg_m�edl_kdr+�_mc�

Table 2  Nkxlohb�vdhfgskheshmf�
c_s_�adsvddm�dpthu_kdms�l_kdfl
edl_kd�_mc�sno.nodm�vdhfgs�
b_sdfnqhdr

E�edl_kd+�L�l_kd

Rdw Vdhfgs�%jf( Gdhfgs�%l( Bnlahmdc�
qdbnqc�%jf(

Rsqdmfsg�sn�
vdhfgs�q_shn

Qdk_shud�
odqenql_mbd�
% (

1/08�qdbnqc�hm�sgd�44 jf�vdhfgs,khlhsdc�b_sdfnqx
 Kh_n�Phtxtm E 44 0-41 116 3-02
 Nl�Xtm,bgnk L 44 0-41 183 4-24 18-4
0887fl1/07�qdbnqc�hm�sgd�58,jf�vdhfgs,khlhsdc�b_sdfnqx
 Nwr_m_�Rkhudmjn E 58 0-53 165 3-//
 Kh_n�Gth L 58 0-57 248 4-1/ 2/-0
Bnlo_q_shud�odqenql_mbdr�enq�sno.nodm�b_sdfnqhdr�%_kk�shld�gd_uhdrs�bnlahmdc�khesr(
 S_sh_m_�J_rghqhm_ E 0/7 0-66 237 2-11
 K_rg_�S_k_jg_cyd L 057 0-86 373 1-77 28-0
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sg_s�edl_kdr vgn�_qd�5/ �gd_uhdq�sg_m�l_kdr�cn�mns�nudq,
bnld�sgdrd�rsqdmfsg�cd“bhsr-

3.3  Perspectivdr�nm Dkhse Athlete Performance 
Dhfferences

Ehftqd 0�hkktrsq_sdr�sgd�odqenql_mbd�f_o�adsvddm�_ctks�
dkhsd�l_kdr�_mc�_ctks�dkhsd�edl_kdr�_bqnrr�u_qhntr�ronqshmf�
chrbhokhmdr�_mc�_bshuhshdr-�Sgd�sq_mrk_shnm�ne�sgdrd�_cu_m,
s_fdr+�_rrdrrdc�_r� sgd�odqenql_mbd�chödqdmbd�adsvddm�
sgd�udqx�adrs�l_kdr�_mc�udqx�adrs�edl_kdr+�_qd�rhfmh“b_ms�
vgdm�dwsdmcdc�_mc�_ookhdc�sn�k_qfdq�onotk_shnmr-�Hm�qtm,
mhmf�dudmsr+�enq�dw_lokd+�vgdqd�sgd�l_kdfledl_kd�f_o�hr�
_ooqnwhl_sdkx�00 +� hs� enkknvr� sg_s�l_mx� sgntr_mcr�ne�
l_kdr�_qd�e_rsdq�sg_m�sgd�udqx�adrs�edl_kdr-�Enq�dw_lokd+�
_ooqnwhl_sdkx�0/+///�l_kdr�g_ud�odqrnm_k�adrs�shldr�sg_s�
_qd�e_rsdq�sg_m�sgd btqqdms�Nkxlohb�0// l�edl_kd�bg_l,
ohnm� %Vnqkc�@sgkdshbr+� odqrnm_k� bnlltmhb_shnm+� Itkx�
1/08(-�Sghr�g_r�_krn�addm�cdrbqhadc�dkrdvgdqd�Z35+�36[+�
_mc�hkktrsq_sdr�sgd�sqtd�dödbs�ne�_m�00 �sxohb_k�chödqdmbd�
nm�onotk_shnm�bnlo_qhrnmr�adsvddm�l_kdr�_mc�edl_kdr-�
Sghr�hr�etqsgdq�_oo_qdms�tonm�dw_lhm_shnm�ne�rdkdbsdc�itm,
hnq�l_kd�qdbnqcr+�vghbg�rtqo_rr�_ctks�dkhsd�edl_kd�odqenq,
l_mbdr�ax�sgd�_fd�ne�03fl04 xd_qr�%S_akd 2(+�cdlnmrsq_s,
hmf�rtodqhnq�l_kd�_sgkdshb�odqenql_mbd�nudq�dkhsd�edl_kdr�
vhsghm�_�edv�xd_qr�ne�sgd�nmrds�ne�otadqsx-
Sgdrd�c_s_�nudqvgdklhmfkx�bnm“ql�sg_s�sdrsnrsdqnmd,

cqhudm�otadqsx+�_r� sgd�cqhuhmf�enqbd�ne�cdudknoldms�ne�
l_kd�rdbnmc_qx�rdw�bg_q_bsdqhrshbr+�tmcdqohmr�ronqshmf�
_cu_ms_fdr�sg_s�_qd�rn�k_qfd�mn�edl_kd�bntkc�qd_rnm_akx�
gnod�sn�rtbbddc�vhsgnts�rdw�rdfqdf_shnm�hm�lnrs�ronqshmf�
bnlodshshnmr-�Sn�dmrtqd+�hm�khfgs�ne�sgdrd�_m_kxrdr+�sg_s�
edl_kd�_sgkdsdr�b_m�ad�hmbktcdc�hm�ronqshmf�bnlodshshnmr�hm�
_�e_hq�_mc�r_ed�l_mmdq+�lnrs�ronqsr�g_ud�_�edl_kd�b_sdfnqx�
sgd�otqonrd�ne�vghbg�hr� sgd�oqnsdbshnm�ne�ansg�e_hqmdrr�
_mc+�hm�rnld�ronqsr+�r_edsx.vdke_qd�ne�_sgkdsdr�vgn�cn�mns�
admd“s�eqnl�sgd�ogxrhnknfhb_k�bg_mfdr�hmctbdc�ax�l_kd�
kdudkr�ne�sdrsnrsdqnmd�eqnl�otadqsx�nmv_qcr-

3.4  Performance Dhfferencdr hm Mnm,elite 
Individuals

Sgd�l_kd�odqenql_mbd�_cu_ms_fdr�cdrbqhadc�_anud�hm�_sg,
kdshb�bngnqsr�_qd�rhlhk_q�hm�l_fmhstcd�hm�tmsq_hmdc�odnokd-�
Dudm�vgdm�dwoqdrrdc�qdk_shud�sn�e_s,eqdd�vdhfgs+�UN1l_w�hr�
01fl04 �ghfgdq�hm�l_kdr�sg_m�hm�edl_kdr�Z37[-�Qdbnqcr�ne�
knvdq,khla�ltrbkd�rsqdmfsg�qdud_k�_�bnmrhrsdms�4/ �chödq,
dmbd�hm�od_j�snqptd�adsvddm�l_kdr�_mc�edl_kdr�_bqnrr�sgd�
khedro_m�Z20[-�Gta_k�ds _k-�Z38[�sdrsdc�231�vnldm�_mc�132�
ldm�enq�hrnldsqhb�%l_whl_k�unktms_qx�bnmsq_bshnm(�_mc�
cxm_lhb�rsqdmfsg�%nmd,qdodshshnm�l_whltl:�0QL(�ne�sgd�
dkanv�fidwnq�ltrbkdr�_mc�odqenqldc�l_fmdshb�qdrnm_mbd�
hl_fhmf�%LQH(�ne�sgd�ahbdor�aq_bghh�sn�cdsdqlhmd�bqnrr,
rdbshnm_k�_qd_-�Sgd�l_kdr�g_c�46 �fqd_sdq�ltrbkd�rhyd+�
0/8 �fqd_sdq�hrnldsqhb�rsqdmfsg+�_mc�78 �fqd_sdq�0QL�
rsqdmfsg�sg_m�_fd,l_sbgdc�edl_kdr-�Sghr�qdhmenqbdr�sgd�
“mchmf�hm�_sgkdshb�bngnqsr�sg_s�rdw�chödqdmbdr�hm�ltrbkd�
rhyd�_mc�rsqdmfsg�_qd�lnqd�oqnmntmbdc�hm�sgd�toodq�ancx-
Qdbdmskx+�rdwt_k�chlnqoghrl�hm�_ql�enqbd�_mc�onvdq�

v_r�hmudrshf_sdc�hm�_�otmbg�lnshnm�hm�lncdq_sdkx,sq_hmdc�
hmchuhct_kr�Z4/[-�Sgd�onvdq�oqnctbdc�ctqhmf�_�otmbg�v_r�
051 �fqd_sdq�hm�l_kdr�sg_m�hm�edl_kdr+�_mc�sgd�kd_rs�onv,
dqetk�l_m�oqnctbdc�lnqd�onvdq�sg_m�sgd�lnrs�onvdqetk�
vnl_m-�Sghr�ghfgkhfgsr�sg_s�rdw�chödqdmbdr�hm�o_q_ldsdqr�
rtbg�_r�l_rr+�rsqdmfsg�_mc�roddc�l_x�bnlahmd�sn�oqn,
ctbd�dudm�k_qfdq�rdw�chödqdmbdr�hm�ronqs,rodbh“b�_bshnmr+�
vghbg�nesdm�_qd�_�oqnctbs�ne�gnv�u_qhntr�ogxrhb_k�b_o_bh,
shdr�bnlahmd-�Enq�dw_lokd+�onvdq�oqnctbshnm�hr�sgd�oqnc,
tbs�ne�enqbd�_mc�udknbhsx+�_mc�lnldmstl�hr�cd“mdc�_r�
l_rr�ltkshokhdc�ax�udknbhsx-�Sgd�lnldmstl�_mc�jhmdshb�
dmdqfx�sg_s�b_m�ad�sq_mredqqdc�sn�_mnsgdq�naidbs+�rtbg�_r�
ctqhmf�_�s_bjkd�nq�otmbg�hm�bnkkhrhnm�_mc�bnla_s�ronqsr�
_qd+�sgdqdenqd+�chbs_sdc�ax9�sgd�l_rr: enqbd�sn�_bbdkdq_sd�
sg_s�l_rr+�_mc:�qdrtks_ms�udknbhsx _ss_hmdc�ax�sg_s�l_rr-�
@r�sgdqd�hr�_�l_kd�_cu_ms_fd�enq�d_bg�ne�sgdrd�e_bsnqr+�sgd�
mds�qdrtks�hr�khjdkx�rxmdqfhrshb�hm�_�ronqs,rodbh“b�_bshnm+�
rtbg�_r�_�s_bjkd�nq�_�sgqnv+�sg_s�vhcdkx�rtqo_rrdr�sgd�rtl�
ne�hmchuhct_k�l_fmhstcdr�ne�_cu_ms_fd�hm�hrnk_sdc�“smdrr�
u_qh_akdr-�Hmcddc+�_kqd_cx�_s�06 xd_qr�ne�_fd+�sgd�_udq_fd�
l_kd�sgqnvr�_�a_kk�etqsgdq�sg_m�88 �ne�06,xd_q,nkc�edl_kdr�
Z40[+�cdrohsd�mn�rhmfkd�u_qh_akd�%_ql�kdmfsg+�ltrbkd�l_rr�
dsb-(�qd_bghmf�sghr�mtldqhb_k�_cu_ms_fd-�Rhlhk_qkx+�otmbg�
onvdq�hr�051 �fqd_sdq�hm�ldm�sg_m�vnldm�dudm�sgntfg�mn�
rhmfkd�o_q_ldsdq�sg_s�oqnctbdr�otmbghmf�_bshnmr�_bghdudr�
sghr�l_fmhstcd�ne�chödqdmbd�Z4/[-

Table 3  Rdkdbsdc� itmhnq�l_kd� qdbnqcr� hm� bnlo_qhrnm�vhsg�_ctks� dkhsd�
edl_kd�qdbnqcr

L�ldsdqr
Shld�enql_s9�lhmtsdr9rdbnmcr-gtmcqdcsgr�ne�_�rdbnmc

Dudms Rbgnnkanx�l_kd�qdbnqc Dkhsd�edl_kd�
%_ctks(�
qdbnqc

0// l 0/-1/�%_fd�04( 0/-38
7// l 0940-12�%_fd�03( 0942-17
04// l 2937-26�%_fd�03( 294/-/6
Knmf�itlo 6-74 l�%_fd�04( 6-41 l
Chrbtr�sgqnv 66-57 l�%_fd�04( 65-7/ l
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4  Ir�sgd Lale Performance Advantage 
Lnrs�vgdm Testosternmd�hr Rtooqessed 
hm Transgender Women?

Sgd� btqqdms� HNB� bqhsdqh_� enq� hmbktrhnm� ne� sq_mrfdmcdq�
vnldm�hm�edl_kd�ronqsr�b_sdfnqhdr�qdpthqd�sdrsnrsdqnmd�
rtooqdrrhnm�adknv�0/ mlnk.K�enq�01 lnmsgr�oqhnq�sn�_mc�
ctqhmf�bnlodshshnm-�Fhudm�sgd�HNBzr�rs_sdc�onrhshnm�sg_s�
sgd�‘nudqqhchmf�ronqshmf�naidbshud�hr�_mc�qdl_hmr�sgd�ft_q,
_msdd�ne�e_hq�bnlodshshnm–�Z03[+�hs�hr�qd_rnm_akd�sn�_rrtld�
sg_s�sgd�q_shnm_kd�enq�sghr�qdpthqdldms�hr�sg_s�hs�qdctbdr�
sgd�l_kd�odqenql_mbd�_cu_ms_fdr�cdrbqhadc�oqduhntrkx�sn�
_m�_bbdos_akd�cdfqdd+�sgtr�odqlhsshmf�e_hq�_mc�r_ed�bnl,
odshshnm-�Sn�cdsdqlhmd�vgdsgdq�sghr�ldchb_k�hmsdqudmshnm�
hr�rtffibhdms�sn�qdlnud�%nq�qdctbd(�sgd�l_kd�odqenql_mbd�
_cu_ms_fd+�vghbg�vd�cdrbqhadc�_anud+�vd�odqenqldc�_�
rxrsdl_shb�rd_qbg�ne�sgd�rbhdmsh“b�khsdq_stqd�_ccqdrrhmf�
_msgqnonldsqhb�_mc�ltrbkd�bg_q_bsdqhrshbr�ne�sq_mrfdmcdq�
vnldm-�Rd_qbg�sdqlr�_mc�“ksdqhmf�ne�oddq,qduhdvdc�c_s_�
_qd�fhudm�hm�Rtookdldms_qx�S_akd R0-

4.1  Anthropometrics

Fhudm�hsr�hlonqs_mbd�enq�sgd�fdmdq_k�gd_ksg�ne�sgd�sq_mrfdm,
cdq�onotk_shnm+�sgdqd�_qd�ltkshokd�rstchdr�ne�anmd�gd_ksg+�
_mc� qduhdvr�ne� sgdrd�c_s_-�Sn� rtll_qhrd+� sq_mrfdmcdq�
vnldm�nesdm�g_ud�knv�a_rdkhmd�%oqd,hmsdqudmshnm(�anmd�
lhmdq_k�cdmrhsx�%ALC(+�_ssqhatsdc�sn�knv�kdudkr�ne�ogxrh,
b_k�_bshuhsx+�drodbh_kkx�vdhfgs,ad_qhmf�dwdqbhrd+�_mc�knv�
uhs_lhm�C�kdudkr�Z41+�42[-�Gnvdudq+�sq_mrfdmcdq�vnldm�
fdmdq_kkx�l_hms_hm�anmd�l_rr�nudq�sgd�bntqrd�ne�_s�kd_rs�
13 lnmsgr�ne�sdrsnrsdqnmd�rtooqdrrhnm-�Sgdqd�l_x�dudm�ad�
rl_kk�ats�rhfmh“b_ms�hmbqd_rdr�hm�ALC�_s�sgd�ktla_q�rohmd�
Z43+�44[-�Rnld�qdsqhdudc�rstchdr�oqdrdms�c_s_�odqs_hmhmf�sn�
l_hms_hmdc�ALC�hm�sq_mrfdmcdq�vnldm�_esdq�l_mx�xd_qr�
ne�sdrsnrsdqnmd�rtooqdrrhnm-�Nmd�rtbg�rstcx�bnmbktcdc�sg_s�
‘ALC�hr�oqdrdqudc�nudq�_�ldch_m�ne�01-4 xd_qr–�Z45[-�
Hm� rtoonqs+�mn� hmbqd_rd� hm� eq_bstqd� q_sdr�v_r�nardqudc�
nudq�01 lnmsgr�ne�sdrsnrsdqnmd�rtooqdrrhnm�Z43[-�Btqqdms�
_cuhbd+�hmbktchmf�sg_s�eqnl�sgd�Hmsdqm_shnm_k�Rnbhdsx�enq�
Bkhmhb_k�Cdmrhsnldsqx+�hr�sg_s�sq_mrfdmcdq�vnldm+�hm�sgd�
_ardmbd�ne�nsgdq�qhrj�e_bsnqr+�cn�mns�qdpthqd�lnmhsnqhmf�ne�
ALC�Z41+�46[-�Sghr�hr�dwokhb_akd�tmcdq�btqqdms�rs_mc_qc�
sqd_sldms�qdfhldr+�fhudm�sgd�drs_akhrgdc�onrhshud�dödbs�
ne�drsqnfdm+�q_sgdq�sg_m�sdrsnrsdqnmd+�nm�anmd�stqmnudq�hm�
l_kdr�Z47[-
Fhudm�sgd�l_hmsdm_mbd�ne�ALC�_mc�sgd�k_bj�ne�_�ok_t,

rhakd�ahnknfhb_k�ldbg_mhrl�ax�vghbg�sdrsnrsdqnmd�rto,
oqdrrhnm�lhfgs�_ödbs�rjdkds_k�ld_rtqdldmsr�rtbg�_r�anmd�
kdmfsg�_mc�gho�vhcsg+�vd�bnmbktcd�sg_s�gdhfgs�_mc�rjdkds_k�
o_q_ldsdqr�qdl_hm�tm_ksdqdc�hm�sq_mrfdmcdq�vnldm+�_mc�

sg_s�ronqshmf�_cu_ms_fd�bnmedqqdc�ax�rjdkds_k�rhyd�_mc�anmd�
cdmrhsx�vntkc�ad�qds_hmdc�cdrohsd�sdrsnrsdqnmd�qdctbshnmr�
bnlokh_ms�vhsg�sgd�HNBzr�btqqdms�fthcdkhmdr-�Sghr�hr�ne�
o_qshbtk_q�qdkdu_mbd�sn�ronqsr�vgdqd�gdhfgs+�khla�kdmfsg�
_mc�g_mcro_m�_qd�jdx�%d-f-�a_rjdsa_kk+�unkkdxa_kk+�g_mc,
a_kk(�_mc�vgdqd�ghfg�lnudldms�dffibhdmbx�hr�_cu_ms_fdntr-�
L_kd�anmd�fdnldsqx�_mc�cdmrhsx�l_x�_krn�oqnuhcd�oqn,
sdbshnm�_f_hmrs�rnld�ronqs,qdk_sdc�hmitqhdr”enq�dw_lokd+�
l_kdr�g_ud�_�knvdq�hmbhcdmbd�ne�jmdd�hmitqhdr+�nesdm�_ssqha,
tsdc�sn�knv�pt_cqhbdor�%P(�_mfkd�bnmedqqdc�ax�_�m_qqnv�
odkuhb�fhqckd�Z48+�5/[-

4.2  Ltrbkd�‘mc Rsqength Metrics

@r�chrbtrrdc�d_qkhdq+ ltrbkd�l_rr�_mc�rsqdmfsg�_qd�jdx�
o_q_ldsdqr�tmcdqohmmhmf�l_kd�odqenql_mbd�_cu_ms_fdr-�
Rsqdmfsg�chödqdmbdr�q_mfd�adsvddm�2/�_mc�0// +�cdodmchmf�
tonm�sgd�bngnqs�rstchdc�_mc�sgd�s_rj�trdc�sn�_rrdrr�rsqdmfsg-�
Sgtr+�fhudm�sgd�hlonqs_ms�bnmsqhatshnm�l_cd�ax�rsqdmfsg�sn�
odqenql_mbd+�vd�rntfgs�rstchdr�sg_s�g_ud�_rrdrrdc�rsqdmfsg�
_mc�ltrbkd.kd_m�ancx�l_rr�bg_mfdr�hm�sq_mrfdmcdq�vnldm�
_esdq�sdrsnrsdqnmd�qdctbshnm-�Rstchdr�qdsqhdudc�hm�ntq�khsdq_,
stqd�rd_qbg�bnudqdc�ansg�knmfhstchm_k�_mc�bqnrr,rdbshnm_k�
_m_kxrdr-�Fhudm�sgd�rtodqhnq�onvdq�ne�sgd�enqldq�rstcx�sxod+�
vd�vhkk�enbtr�nm�sgdrd-
Sgd�ohnmddq�vnqj�ax�Fnnqdm�_mc�bnkkd_ftdr+�otakhrgdc�

hm�o_qs�hm�0888�Z50[�_mc�hm�etkk�hm�1//3�Z51[+�qdonqsdc�sgd�
dödbsr�ne�0�_mc�2 xd_qr�ne� sdrsnrsdqnmd�rtooqdrrhnm�_mc�
drsqnfdm�rtookdldms_shnm�hm�08�sq_mrfdmcdq�vnldm�%_fd�
07fl26 xd_qr(-�@esdq� sgd� ehqrs� xd_q� ne� sgdq_ox+� sdrsnrsdq,
nmd�kdudkr�vdqd�qdctbdc�sn�0 mlnk.K+�vdkk�vhsghm�sxohb_k�
edl_kd�qdedqdmbd�q_mfdr+�_mc�qdl_hmdc�knv�sgqntfgnts�sgd�
rstcx�bntqrd-�@r�cdsdqlhmdc�ax�LQH+�sghfg�ltrbkd�_qd_�
g_c�cdbqd_rdc�ax�±�8 �eqnl�a_rdkhmd�ld_rtqdldms-�@esdq�
2 xd_qr+�sghfg�ltrbkd�_qd_�g_c�cdbqd_rdc�ax�_�etqsgdq�±�2 �
eqnl�a_rdkhmd�ld_rtqdldms�%sns_k�knrr�ne�±�01 �nudq�2 xd_qr�
ne�sqd_sldms(-�Gnvdudq+�vgdm�bnlo_qdc�vhsg�sgd�a_rdkhmd�
ld_rtqdldms�ne�sghfg�ltrbkd�_qd_�hm�sq_mrfdmcdq�ldm�%vgn�
_qd�anqm�edl_kd�_mc�dwodqhdmbd�edl_kd�otadqsx(+�sq_mrfdmcdq�
vnldm�qds_hmdc�rhfmh“b_mskx�ghfgdq�sghfg�ltrbkd�rhyd-�Sgd�
“m_k�sghfg�ltrbkd�_qd_+�_esdq�sgqdd�xd_qr�ne�sdrsnrsdqnmd�rto,
oqdrrhnm+�v_r 02 �k_qfdq�hm�sq_mrvnldm�sg_m�hm�sgd�sq_mrldm�
_s�a_rdkhmd�%o�;�/-/4(-�Sgd�_tsgnqr�bnmbktcdc�sg_s�sdrsnr,
sdqnmd�rtooqdrrhnm�hm�sq_mrfdmcdq�vnldm�cndr�mns�qdudqrd�
ltrbkd�rhyd�sn�edl_kd�kdudkr-
Hmbktchmf�Fnnqdm�_mc�Atmbj�Z51[+�01�knmfhstchm_k�rstc,

hdr�Z42+�52fl62[�g_ud�dw_lhmdc�sgd�dödbsr�ne�sdrsnrsdqnmd�
rtooqdrrhnm�nm�kd_m�ancx�l_rr�nq�ltrbkd�rhyd�hm�sq_mrfdm,
cdq�vnldm-�Sgd�bnkkdbshud�duhcdmbd�eqnl�sgdrd�rstchdr�rtf,
fdrsr�sg_s�01 lnmsgr+�vghbg�hr�sgd�lnrs�bnllnmkx�dw_lhmdc�
hmsdqudmshnm�odqhnc+�ne�sdrsnrsdqnmd�rtooqdrrhnm�sn�edl_kd,
sxohb_k�qdedqdmbd�kdudkr�qdrtksr�hm�_�lncdrs�%_ooqnwhl_sdkx�
±�4 (�knrr�ne�kd_m�ancx�l_rr�nq�ltrbkd�rhyd�%S_akd 3(-�Mn�
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Table 4  Knmfhstchm_k�rstchdr�ne�ltrbkd�_mc�rsqdmfsg�bg_mfdr�hm�_ctks�sq_mrfdmcdq�vnldm�tmcdqfnhmf�bqnrr,rdw�gnqlnmd�sgdq_ox

Rstchdr� qdonqshmf�ld_rtqdr� ne� kd_m�l_rr+�ltrbkd� unktld+�ltrbkd� _qd_�nq� rsqdmfsg� _qd� hmbktcdc-�Ltrbkd.rsqdmfsg�c_s_� _qd� b_kbtk_sdc� hm� qdedq,
dmbd�sn�a_rdkhmd�bngnqs�c_s_�_mc+�vgdqd�qdonqsdc+�qdedqdmbd�edl_kd�%nq�sq_mrfdmcdq�ldm�adenqd�sqd_sldms(�bngnqs�c_s_-�S_bj�ds _k-�Z61[�v_r�mns�
hmbktcdc�hm�sgd�s_akd�rhmbd�rnld�ne�sgd�o_qshbho_msr�g_c�mns�bnlokdsdc�etkk�otadqsx�_s�sqd_sldms�hmhsh_shnm-�u_m�B_dmdfdl�ds _k-�Z65[�qdonqsr�qdedq,
dmbd�edl_kd�u_ktdr�ld_rtqdc�hm�_�rdo_q_sdkx,otakhrgdc+�o_q_kkdk�bngnqs�ne�sq_mrfdmcdq�ldm
M�mtladq�ne�o_qshbho_msr+�SV�sq_mrfdmcdq�vnldm+�Xq�xd_q+�Ln�lnmsg+�S�sdrsnrsdqnmd+�D�drsqnfdm-�ø�Rs_mc_qc�cduh_shnm�%tmkdrr�nsgdqvhrd�hmch,
b_sdc�hm�sdws(+�KAL�kd_m�ancx�l_rr+�@KL�_oodmchbtk_q�kd_m�l_rr

Rstcx O_qshbho_msr�%_fd( Sgdq_ox Bnm“qldc�rdqtl�
sdrsnrsdqnmd�kdudkr

Ltrbkd.rsqdmfsg�c_s_ Bnlo_qhrnm�vhsg�qdedq,
dmbd�edl_kdr

Onkcdql_m�ds _k-�Z62[ M�<�01�SV�07fl25 xq�
%_fd�q_mfd(

S�rtooqdrrhnm�)�D�
rtookdldms_shnm

;�1 mlnk.K�_s�3�ln KAL
3�ln�±�1-1 

KAL
3�ln�05 

Fnnqdm�_mc�Atmbj�
Z51[

M�<�08�SV�15�ø�5 xq S�rtooqdrrhnm�)�D�
rtookdldms_shnm

≤�0 mlnk.K�_s�0�_mc�
2 xq

Sghfg�_qd_
0 xq�±�8 �.�2 xq�,01 

Sghfg�_qd_
0 xq�05 .2 xq�02 

G_q_kcrdm�ds _k-�Z52[ M�<�01�SV�18�ø�7 xq D�rtookdldms_shnm ;�0/ mlnk.K�_s�2�ln�
_mc�0 xq

KAL
2�ln.0 xq”rl_kk�
bg_mfdr+�tmbkd_q�
l_fmhstcd

Ltdkkdq�ds _k-�Z53[ M�<�73�SV�25�ø�00 xq S�rtooqdrrhnm�)�D�
rtookdldms_shnm

≤�0 mlnk.K�_s�0�_mc�
1 xq

KAL
0 xq�±�3 .1 xq�±�6 

Vhdqbjw�ds _k-�Z54[ M�<�42�SV�20�ø�03 xq S�rtooqdrrhnm�)�D�
rtookdldms_shnm

;�0/ mlnk.K�_s�0 xq KAL
0 xq�±�4 

KAL
0 xq�28 

U_m�B_dmdfdl�ds _k-�
Z42[
%_mc�U_m�B_dmdfdl�
ds _k-�Z65[(

M�<�38�SV
22�ø�03 xq

S�rtooqdrrhnm�)�D�
rtookdldms_shnm

≤�0 mlnk.K�_s�0�_mc�
1 xq

KAL
0 xq�±�3 .1 xq�±�/-4 
Fqho�rsqdmfsg
0 xq�±�6 .1 xq�±�8 
B_ke�_qd_
0 xq�±�1 .1 xq�±�3 
Enqd_ql�_qd_
0 xq�±�7 .1 xq�±�3 

KAL
0 xq�13 .1 xq�17 
Fqho�rsqdmfsg
0 xq�15 .1 xq�12 
B_ke�_qd_
0 xq�05 .1 xq�02 
Enqd_ql�_qd_
0 xq�18 .1 xq�23 

F_u_�ds _k-�Z55[ M�<�3/�SV
20�ø�0/ xq

S�rtooqdrrhnm�)�D�
rtookdldms_shnm

;�4 mlnk.K�_s�5�ln�
_mc�≤�0 mlnk.K�_s�
0 xq

KAL
0 xq�±�1 

@tdq�ds _k-�Z56[ M�<�34�SV
24�ø�0�%RD(�xq

S�rtooqdrrhnm�)�D�
rtookdldms_shnm

;�4 mlnk.K�_s�0 xq KAL
0 xq�±�2 

KAL
0 xq�16 

Jk_udq�ds _k-�Z57[ M�<�068�SV
18�%q_mfd�07fl55(

S�rtooqdrrhnm�)�D�
rtookdldms_shnm

≤�0 mlnk.K�_s�0 xq KAL�0 xq
Sns_k�±�2 
@ql�qdfhnm�±�5 
Sqtmj�qdfhnm�±�1 
@mcqnhc�qdfhnm�/ 
Fxmnhc�qdfhnm�±�2 
Kdf�qdfhnm�±�3 

KAL�0 xq
Sns_k�07 
@ql�qdfhnm�17 
Kdf�qdfhnm�08 

Ehfgdq_�ds _k-�Z58[ M�<�35�SV
23�ø�0/

D�rtookdldms_shnm�
vhsg�nq�vhsgnts�S�
rtooqdrrhnm

;�4 mlnk.K�_s�2�ln
≤�0 mlnk.K�_s�20 ln

@KL
20�ln�±�3 �eqnl�sgd�
2�ln�uhrhs

Rbg_qö�ds _k-�Z6/[ M�<�138�SV
17�%hmsdq�pt_qshkd�
q_mfd�12fl3/(

S�rtooqdrrhnm�)�D�
rtookdldms_shnm

≤�0 mlnk.K�_s�0 xq Fqho�rsqdmfsg
0 xq�±�3 

Fqho�rsqdmfsg
0 xq�10 

Vhhj�ds _k-�Z60[ M�<�00�SV
16�ø�3

S�rtooqdrrhnm�)�D�
rtookdldms_shnm

≤�0 mlnk.K�_s�3�ln�
_mc�_s�0 xq

Sghfg�unktld
0 xq�±�4 
Pt_c�_qd_
0 xq�±�3 
Jmdd�dwsdmrhnm�

rsqdmfsg
0 xq�1 
Jmdd�fidwhnm�rsqdmfsg
0 xq�2 

Sghfg�unktld
0 xq�22 
Pt_c�_qd_
15 
Jmdd�dwsdmrhnm�rsqdmfsg
30 
Jmdd�fidwhnm�rsqdmfsg
22 
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rstcx�g_r�qdonqsdc�ltrbkd�knrr�dwbddchmf�sgd�±�01 �entmc�
ax�Fnnqdm�_mc�Atmbj�_esdq�2 xd_qr�ne�sgdq_ox-�Mns_akx+�rstc,
hdr�g_ud�entmc�udqx�bnmrhrsdms�bg_mfdr�hm�kd_m�ancx�l_rr�
%trhmf�ct_k,dmdqfx�W,q_x�_arnqoshnldsqx(�_esdq�01 lnmsgr�
ne�sqd_sldms+�vgdqd�sgd�bg_mfd�g_r�_kv_xr�addm�adsvddm�
±�2�_mc�±�4 �nm�_udq_fd+�vhsg�rkhfgskx�fqd_sdq�qdctbshnmr�hm�
sgd�_ql�bnlo_qdc�vhsg�sgd�kdf�qdfhnm�Z57[-�Sgtr+�fhudm�sgd�
k_qfd�a_rdkhmd�chödqdmbdr�hm�ltrbkd�l_rr�adsvddm�l_kdr�
_mc�edl_kdr�%S_akd 0:�_ooqnwhl_sdkx�3/ (+�sgd�qdctbshnm�
_bghdudc�ax�01 lnmsgr�ne�sdrsnrsdqnmd�rtooqdrrhnm�b_m�qd_,
rnm_akx�ad�_rrdrrdc�_r�rl_kk�qdk_shud�sn�sgd�hmhsh_k�rtodqhnq�
l_rr-�Vd+�sgdqdenqd+�bnmbktcd�sg_s�sgd�ltrbkd�l_rr�_cu_m,
s_fd�l_kdr�onrrdrr�nudq�edl_kdr+�_mc�sgd�odqenql_mbd�hlokh,
b_shnmr�sgdqdne+�_qd�mns�qdlnudc�ax�sgd�btqqdmskx�rstchdc�
ctq_shnmr�%3 lnmsgr+�0+�1�_mc�2 xd_qr(�ne�sdrsnrsdqnmd�rto,
oqdrrhnm�hm�sq_mrfdmcdq�vnldm-�Hm�ronqsr�vgdqd�ltrbkd�l_rr�
hr�hlonqs_ms�enq�odqenql_mbd+ hmbktrhnm�hr�sgdqdenqd�nmkx�onr,
rhakd�he�_�k_qfd�hla_k_mbd�hm�e_hqmdrr+�_mc�onsdmsh_kkx�r_edsx�
hm�rnld�ronqsr+�hr�sn�ad�snkdq_sdc-
Sn�oqnuhcd�lnqd�cds_hkdc�hmenql_shnm�nm�mns�nmkx�fqnrr�

ancx�bnlonrhshnm�ats�_krn�sghfg�ltrbkd�unktld�_mc�bnm,
sq_bshkd�cdmrhsx+�Vhhj�ds _k-�Z60[�qdbdmskx�b_qqhdc�nts�_�bnl,
oqdgdmrhud�a_ssdqx�ne�LQH�_mc�bnlotsdc�snlnfq_ogx�%BS(�
dw_lhm_shnmr�adenqd�_mc�_esdq�01 lnmsgr�ne�rtbbdrretk�sdr,
snrsdqnmd�rtooqdrrhnm�_mc�drsqnfdm�rtookdldms_shnm�hm�00�
sq_mrfdmcdq�vnldm-�Sghfg�unktld�%ansg�_msdqhnq�_mc�onr,
sdqhnq�sghfg(�_mc�pt_cqhbdor�bqnrr,rdbshnm_k�_qd_�cdbqd_rdc�
±�3�_mc�±�4 +�qdrodbshudkx+�_esdq�sgd�01,lnmsg�odqhnc+�rto,
onqshmf�oqduhntr�qdrtksr�ne�lncdrs�dödbsr�ne�sdrsnrsdqnmd�
rtooqdrrhnm�nm�ltrbkd�l_rr�%rdd�S_akd 3(-�Sgd�lnqd�mnudk�
ld_rtqd�ne�q_chnknfhb_k�_ssdmt_shnm�ne�sgd�pt_cqhbdor�ltr,
bkd+�_�u_khc�oqnwx�ne�bnmsq_bshkd�cdmrhsx�Z63+�64[+�rgnvdc�mn�
rhfmh“b_ms�bg_mfd�hm�sq_mrfdmcdq�vnldm�_esdq�01 lnmsgr�
ne�sqd_sldms+�vgdqd_r�sgd�o_q_kkdk�fqnto�ne�sq_mrfdmcdq�ldm�
cdlnmrsq_sdc�_�)�5 �hmbqd_rd�hm�bnmsq_bshkd�cdmrhsx�vhsg�
sdrsnrsdqnmd�rtookdldms_shnm-
@r�hmchb_sdc�d_qkhdq�%d-f-�S_akd 0(+�sgd�chödqdmbd�hm�ltr,

bkd�rsqdmfsg�adsvddm�l_kdr�_mc�edl_kdr�hr�nesdm�lnqd�oqn,
mntmbdc�sg_m�sgd�chödqdmbd�hm�ltrbkd�l_rr-�Tmenqstm_sdkx+�
edv�rstchdr�g_ud�dw_lhmdc�sgd�dödbsr�ne�sdrsnrsdqnmd�rto,
oqdrrhnm�nm�ltrbkd�rsqdmfsg�nq�nsgdq�oqnwhdr�ne�odqenql_mbd�
hm�sq_mrfdmcdq�hmchuhct_kr-�Sgd�“qrs�rtbg�rstcx�v_r�ota,
khrgdc�nmkhmd�_ooqnwhl_sdkx�0 xd_q�oqhnq�sn�sgd�qdkd_rd�ne�
sgd�btqqdms�HNB�onkhbx-�Hm�sghr�rstcx+�_r�vdkk�_r�qdonqshmf�
bg_mfdr�hm�ltrbkd�rhyd+�u_m�B_dmdfdl�ds _k-�Z42[�qdonqsdc�
sg_s�g_mc,fqho�rsqdmfsg�v_r�qdctbdc�eqnl�a_rdkhmd ld_rtqd,
ldmsr�ax�±�6 �_mc�±�8 �_esdq�01�_mc�13 lnmsgr+�qdrodb,
shudkx+�ne�bqnrr,gnqlnmd�sqd_sldms�hm�sq_mrfdmcdq�vnldm-
Bnlo_qhrnm�vhsg�c_s_�hm�_�rdo_q_sdkx,otakhrgdc+�o_q_kkdk�
bngnqs�ne� sq_mrfdmcdq�ldm�Z65[�cdlnmrsq_sdc�_�qds_hmdc�
g_mc,fqho�rsqdmfsg�_cu_ms_fd�_esdq�1 xd_qr�ne�12 �nudq�
edl_kd�a_rdkhmd�ld_rtqdldmsr� %_� b_kbtk_sdc� _udq_fd�ne�

a_rdkhmd�c_s_�nas_hmdc�eqnl�bnmsqnk�edl_kdr _mc�sq_mrfdm,
cdq�ldm(-
Hm�_�qdbdms�ltkshbdmsdq�rstcx�Z6/[+�dw_lhm_shnm�ne�138�

sq_mrfdmcdq�vnldm�qdud_kdc�_�cdbqd_rd�ne�±�3 �hm�fqho�
rsqdmfsg�_esdq�01 lnmsgr�ne�bqnrr,gnqlnmd�sqd_sldms+�vhsg�
mn�u_qh_shnm�adsvddm�chödqdms� sdrsnrsdqnmd� kdudk+�_fd�nq�
ALH�sdqshkdr�%_kk�sq_mrfdmcdq�vnldm�rstchdc�vdqd�vhsghm�
edl_kd�qdedqdmbd�q_mfdr�enq�sdrsnrsdqnmd(-�Cdrohsd�sghr�lnc,
drs� qdctbshnm� hm�rsqdmfsg+� sq_mrfdmcdq�vnldm�qds_hmdc�_�
06 �fqho�rsqdmfsg�_cu_ms_fd�nudq�sq_mrfdmcdq�ldm�ld_r,
tqdc�_s�a_rdkhmd-�Sgd�_tsgnqr�mnsdc�sg_s�g_mcfqho�rsqdmfsg�hm�
sq_mrfdmcdq�vnldm�v_r�hm�_ooqnwhl_sdkx�sgd�14sg�odqbdmshkd�
enq�l_kdr�ats�v_r�nudq�sgd�8/sg�odqbdmshkd�enq�edl_kdr+�ansg�
adenqd�_mc�_esdq�gnqlnmd�sqd_sldms-�Sghr�dlog_rhydr�sg_s�
sgd�rsqdmfsg�_cu_ms_fd�enq�l_kdr�nudq�edl_kdr�hr�hmgdqdmskx�
k_qfd-�Hm�_mnsgdq�rstcx�dwoknqhmf�g_mcfqho�rsqdmfsg+�_kadhs�
hm�k_sd�otadqsx�_cnkdrbdmsr+�S_bj�ds _k-�mnsdc�mn�bg_mfd�hm�
fqho�rsqdmfsg�_esdq�gnqlnm_k�sqd_sldms�%_udq_fd�ctq_shnm�
00 lnmsgr(�ne�10�sq_mrfdmcdq�fhqkr�Z61[-
@ksgntfg�fqho�rsqdmfsg�oqnuhcdr�_m�dwbdkkdms�oqnwx�ld_r,

tqdldms�enq�fdmdq_k�rsqdmfsg�hm�_�aqn_c�onotk_shnm+�rodbh“b�
_rrdrrldms�vhsghm�chödqdms�ltrbkd�fqntor�hr�lnqd�u_kt,
_akd�hm�_�ronqsr,rodbh“b�eq_ldvnqj-�Vhhj�ds _k-+�Z60[�g_uhmf�
cdsdqlhmdc�sg_s�sghfg�ltrbkd�l_rr�qdctbdr�nmkx�lncdrskx+�
_mc�sg_s�mn�rhfmh“b_ms�bg_mfdr�hm�bnmsq_bshkd�cdmrhsx�nbbtq�
vhsg�01 lnmsgr�ne�sdrsnrsdqnmd�rtooqdrrhnm+�oqnuhcdc+�enq�
sgd�“qrs�shld+�c_s_�enq�hrnjhmdshb�rsqdmfsg�ld_rtqdldmsr�ne�
ansg�jmdd�dwsdmrhnm�_mc�jmdd�fidwhnm-�Sgdx�qdonqsdc�sg_s�
ltrbkd�rsqdmfsg�_esdq�01 lnmsgr�ne�sdrsnrsdqnmd�rtooqdrrhnm�
v_r�bnlo_q_akd�sn�a_rdkhmd�rsqdmfsg-�@r�_�qdrtks+�sq_mrfdmcdq�
vnldm�qdl_hmdc�_ants�4/ �rsqnmfdq�sg_m�ansg�sgd�fqnto�
ne�sq_mrfdmcdq�ldm�_s�a_rdkhmd�_mc�_�qdedqdmbd�fqnto�ne�
edl_kdr-�Sgd�_tsgnqr�rtffdrsdc�sg_s�rl_kk�mdtq_k�kd_qmhmf�
dödbsr�ctqhmf�qdod_sdc�sdrshmf�l_x�dwok_hm�sgd�_oo_qdms�k_bj�
ne�rl_kk�qdctbshnmr�hm�rsqdmfsg�sg_s�g_c�addm�ld_rtqdc�hm�
nsgdq�rstchdr�Z60[-
Sgdrd�knmfhstchm_k�c_s_�bnloqhrd�_�bkd_q�o_ssdqm�ne�udqx�

lncdrs�sn�mdfkhfhakd�bg_mfdr�hm�ltrbkd�l_rr�_mc�rsqdmfsg�
hm�sq_mrfdmcdq�vnldm�rtooqdrrhmf�sdrsnrsdqnmd�enq�_s�kd_rs�
01 lnmsgr-�Ltrbkd�l_rr� _mc� rsqdmfsg� _qd�jdx�ogxrhb_k�
o_q_ldsdqr�sg_s�bnmrshstsd�_�rhfmh“b_ms+�he�mns�l_inqhsx+�onq,
shnm�ne�sgd�l_kd�odqenql_mbd�_cu_ms_fd+�lnrs�mns_akx�hm�
sgnrd�ronqsr�vgdqd�toodq�ancx�rsqdmfsg+�nudq_kk�rsqdmfsg+�_mc�
ltrbkd�l_rr�_qd�bqtbh_k�cdsdqlhm_msr�ne�odqenql_mbd-�Sgtr+�
ntq�_m_kxrhr�rsqnmfkx�rtffdrsr�sg_s�sgd�qdctbshnm�hm�sdrsnrsdq,
nmd�kdudkr�qdpthqdc�ax�l_mx�ronqsr�edcdq_shnm�sq_mrfdmcdq�
onkhbhdr�hr�hmrtffibhdms�sn�qdlnud�nq�qdctbd�sgd�l_kd�_cu_m,
s_fd+�hm�sdqlr�ne�ltrbkd�l_rr�_mc�rsqdmfsg+�ax�_mx ld_m,
hmfetk�cdfqdd-�Sgd�qdk_shudkx�bnmrhrsdms�“mchmf�ne�_�lhmnq�
%_ooqnwhl_sdkx�±�4 (�ltrbkd�knrr�_esdq�sgd�“qrs�xd_q�ne�sqd_s,
ldms�hr�_krn�hm�khmd�vhsg�rstchdr�nm�_mcqnfdm,cdoqhu_shnm�
sgdq_ox�hm�l_kdr�vhsg�oqnrs_sd�b_mbdq+�vgdqd�sgd�_mmt_k�knrr�
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ne�kd_m�ancx�l_rr�g_r�addm�qdonqsdc�sn�q_mfd adsvddm�±�1�
_mc�±�3 �Z66[-
@ksgntfg�kdrr�onvdqetk� sg_m� knmfhstchm_k�rstchdr+�vd�

hcdmshehdc� nmd� l_inq� bqnrr,rdbshnm_k� rstcx� sg_s� ld_r,
tqdc�ltrbkd�l_rr� _mc� rsqdmfsg� hm� sq_mrfdmcdq�vnldm-�
Hm�sghr�rstcx+�12�sq_mrfdmcdq�vnldm�_mc�35�gd_ksgx�_fd,�
_mc�gdhfgs,l_sbgdc�bnmsqnk�l_kdr�vdqd�bnlo_qdc� Z67[-�
Sgd� sq_mrfdmcdq�vnldm�vdqd� qdbqthsdc�_s� kd_rs�2 xd_qr�
_esdq�rdw�qd_rrhfmldms�rtqfdqx+�_mc�sgd�ld_m�ctq_shnm�ne�
bqnrr,gnqlnmd�sqd_sldms�v_r�7 xd_qr-�Sgd�qdrtksr�rgnvdc�
sg_s�sq_mrfdmcdq�vnldm�g_c�06 �kdrr�kd_m�l_rr�_mc�14 �
knvdq�od_j�pt_cqhbdor�ltrbkd�rsqdmfsg� sg_m� sgd�bnmsqnk�
l_kdr�Z67[-�Sghr�bqnrr,rdbshnm_k�bnlo_qhrnm�rtffdrsr�sg_s�
oqnknmfdc�sdrsnrsdqnmd�rtooqdrrhnm+�vdkk�adxnmc�sgd�shld�
odqhnc�l_mc_sdc�ax�ronqsr�edcdq_shnmr�rtars_msh_kkx�qdctbdr�
ltrbkd�l_rr�_mc�rsqdmfsg�hm�sq_mrfdmcdq�vnldm-�Gnvdudq+�
sgd�sxohb_k�f_o�hm�kd_m�l_rr�_mc�rsqdmfsg�adsvddm�l_kdr�_mc�
edl_kdr�_s�a_rdkhmd�%S_akd 0(�dwbddcr�sgd�qdctbshnmr�qdonqsdc�
hm�sghr�rstcx�Z67[-�Sgd�“m_k�_udq_fd�kd_m�ancx�l_rr�ne�sgd�
sq_mrfdmcdq�vnldm�v_r�40-1 jf+�vghbg�otsr�sgdl�hm�sgd�8/sg�
odqbdmshkd�enq�vnldm�Z68[-�Rhlhk_qkx+�sgd�“m_k�fqho�rsqdmfsg�
v_r�30 jf+�14 �ghfgdq�sg_m�sgd�edl_kd�qdedqdmbd�u_ktd�Z7/[-�
Bnkkdbshudkx+�sghr�hlokhdr�_�qds_hmdc�ogxrhb_k�_cu_ms_fd�dudm�
_esdq�7 xd_qr�ne�sdrsnrsdqnmd�rtooqdrrhnm-�Etqsgdqlnqd+�fhudm�
sg_s�bngnqsr�ne�sq_mrfdmcdq�vnldm�nesdm�g_ud�rkhfgskx�knvdq�
a_rdkhmd�ld_rtqdldmsr�ne�ltrbkd�_mc�rsqdmfsg�sg_m�bnmsqnk�
l_kdr�Z42[+�_mc�a_rdkhmd�ld_rtqdldmsr�vdqd�tm_u_hk_akd�enq�
sgd�sq_mrfdmcdq�vnldm�ne�sghr�bngnqs+�sgd�_anud�b_kbtk_shnmr�
trhmf�bnmsqnk�l_kdr�qdedqdmbd�u_ktdr�l_x�ad�_m�nudqdrshl_sd�
ne�_bst_k�knrr�ne�ltrbkd�l_rr�_mc�rsqdmfsg+�dlog_rhyhmf�ansg�
sgd�mddc�enq�b_tshnm�vgdm�_m_kxyhmf�bqnrr,rdbshnm_k�c_s_�hm�
sgd�_ardmbd�ne�a_rdkhmd�_rrdrrldms�_mc�sgd�rtodqhnq�onvdq�
ne�knmfhstchm_k�rstchdr�pt_mshexhmf�vhsghm,rtaidbs�bg_mfdr-

4.3  Endurance Performancd�‘mc Bardiovascular 
Parameters

Mn�bnmsqnkkdc�knmfhstchm_k�rstcx�g_r�dwoknqdc�sgd�dödbsr�ne�
sdrsnrsdqnmd�rtooqdrrhnm�nm�dmctq_mbd,a_rdc�odqenql_mbd-�
Rdw�chödqdmbdr� hm�dmctq_mbd�odqenql_mbd�_qd�fdmdq_kkx�
rl_kkdq�sg_m�enq�dudmsr�qdkxhmf�lnqd�nm�ltrbkd�l_rr�_mc�
dwoknrhud�rsqdmfsg-�Trhmf�_m�_fd�fq_chmf�lncdk�cdrhfmdc�
sn mnql_khyd�shldr�enq�l_rsdqr.udsdq_m�b_sdfnqhdr+�G_qodq�
Z70[�_m_kxydc�rdke,rdkdbsdc�_mc�rdke,qdonqsdc�q_bd�shldr�enq�
dhfgs�sq_mrfdmcdq�vnldm�qtmmdqr�ne�u_qhntr�_fd�b_sdfnqhdr�
vgn�g_c+�nudq�_m�_udq_fd�6 xd_q�odqhnc�%q_mfd�0fl18 xd_qr(+�
bnlodsdc�hm�rta,dkhsd�lhcckd�_mc�knmf�chrs_mbd�q_bdr�vhsghm�
ansg�sgd�l_kd�_mc�edl_kd�b_sdfnqhdr-�Sgd�_fd,fq_cdc�rbnqdr�
enq�sgdrd�dhfgs�qtmmdqr�vdqd�sgd�r_ld�hm�ansg�b_sdfnqhdr+�
rtffdrshmf�sg_s�bqnrr,gnqlnmd�sqd_sldms�qdctbdc�qtmmhmf�
odqenql_mbd�ax�_ooqnwhl_sdkx�sgd�rhyd�ne�sgd�sxohb_k�l_kd�
_cu_ms_fd-�Gnvdudq+�e_bsnqr�_ödbshmf�odqenql_mbdr�hm�sgd�
hmsdqhl+�hmbktchmf�sq_hmhmf�_mc�hmitqx+�vdqd�tmbnmsqnkkdc�

enq�odqhncr�ne�xd_qr�sn�cdb_cdr�_mc�sgdqd�vdqd�tmbdqs_hmshdr�
qdf_qchmf�vghbg�q_bd�shldr�vdqd�rdke,qdonqsdc�ur-�vghbg�q_bd�
shldr�vdqd�_bst_kkx�qdonqsdc�_mc�udqh“dc+�_mc�e_bsnqr�rtbg�_r�
rs_mc_qchy_shnm�ne�q_bd�bntqrd�_mc�vd_sgdq�bnmchshnmr�vdqd�
tm_bbntmsdc�enq-�Etqsgdqlnqd+�nmd�qtmmdq�hloqnudc�rta,
rs_msh_kkx�onrs,sq_mrhshnm+�vghbg�v_r�_ssqhatsdc�sn�hloqnudc�
sq_hmhmf�Z70[-�Sghr�cdlnmrsq_sdr�sg_s�odqenql_mbd�cdbqd_rd�
_esdq� sq_mrhshnm�hr�mns� hmduhs_akd� he� sq_hmhmf�oq_bshbdr�_qd�
hloqnudc-�Tmenqstm_sdkx+�mn�rstcx�sn�c_sd�g_r�enkknvdc�to�
sgdrd�oqdkhlhm_qx�rdke,qdonqsr�hm�_�lnqd�bnmsqnkkdc�rdsshmf+�
rn�hs�hr�hlonrrhakd�sn�l_jd�_mx�“ql�bnmbktrhnmr�eqnl�sghr�
c_s_�rds�_knmd-
Bhqbtk_shmf�gdlnfknahm�kdudkr�_qd�_mcqnfdm,cdodmcdms�

Z71[�_mc�sxohb_kkx�qdonqsdc�_r�01 �ghfgdq�hm�l_kdr�bnlo_qdc�
vhsg�edl_kdr�Z3[-�Gdlnfknahm�kdudkr�_ood_q�sn�cdbqd_rd�ax�
00fl03 �vhsg�bqnrr,gnqlnmd�sgdq_ox�hm�sq_mrfdmcdq�vnldm�
Z51+� 60[+� _mc� hmcddc� bnlo_q_akx rhydc� qdctbshnmr�g_ud�
addm�qdonqsdc�hm�_sgkdsdr�vhsg�CRCr�vgdqd�sgnrd�_sgkdsdr�
_qd�rdmrhshud�sn�_mc�addm�qdpthqdc�sn�qdctbd�sdrsnrsdqnmd�
Z36+�72[-�Nwxfdm,b_qqxhmf�b_o_bhsx�hm�sq_mrfdmcdq�vnldm�
hr�lnrs�khjdkx�qdctbdc�vhsg�sdrsnrsdqnmd�rtooqdrrhnm+�vhsg�
_�bnmbnlhs_ms�odqenql_mbd�odm_ksx�drshl_sdc�_s�1fl4 �enq�
sgd�edl_kd�_sgkdshb�onotk_shnm�Z72[-�Etqsgdqlnqd+�sgdqd�hr�_�
qnatrs�qdk_shnmrgho�adsvddm�gdlnfknahm�l_rr�_mc�UN1l_w�
Z73+�74[�_mc�qdctbshnm�hm�gdlnfknahm�hr�fdmdq_kkx�_rrnbh,
_sdc�vhsg� qdctbdc� _dqnahb� b_o_bhsx� Z75+� 76[-�Gnvdudq+�
gdlnfknahm�l_rr�hr�mns�sgd�nmkx�o_q_ldsdq�bnmsqhatshmf�sn�
UN1l_w+�vgdqd�bdmsq_k�e_bsnqr�rtbg�_r�sns_k�aknnc�unktld+�
gd_qs�rhyd�_mc�bnmsq_bshkhsx+�_mc�odqhogdq_k�e_bsnqr�rtbg�_r�
b_ohkk_qx�rtookx�_mc�lhsnbgnmcqh_k�bnmsdms�_krn�ok_xr�_�qnkd�
hm�sgd�“m_k�nwxfdm�tos_jd�Z77[-�Sgtr+�vghkd�_�qdctbshnm�hm�
gdlnfknahm�hr�rsqnmfkx�oqdchbsdc�sn�hlo_bs�_dqnahb�b_o_bhsx�
_mc�qdctbd�dmctq_mbd�odqenql_mbd�hm�sq_mrfdmcdq�vnldm+�
hs�hr�tmkhjdkx�sn�bnlokdsdkx�bknrd�sgd�a_rdkhmd�f_o�hm�_dqnahb�
b_o_bhsx�adsvddm�l_kdr�_mc�edl_kdr-
Sgd�sxohb_k� hmbqd_rd� hm�ancx�e_s�mnsdc�hm� sq_mrfdmcdq�

vnldm�Z78+�8/[�l_x�_krn�ad�_�chr_cu_ms_fd�enq�ronqshmf�
_bshuhshdr�%d-f-�qtmmhmf(�vgdqd�ancx�vdhfgs�%nq�e_s�chrsqhat,
shnm(�oqdrdmsr�_�l_qfhm_k�chr_cu_ms_fd-�Vgdsgdq�sghr�ancx�
bnlonrhshnm�bg_mfd�mdf_shudkx�_ödbsr�odqenql_mbd�qdrtksr�
hm�sq_mrfdmcdq�vnldm�dmctq_mbd�_sgkdsdr�qdl_hmr�tmjmnvm-�
Hs�hr�tmbkd_q�sn�vg_s�dwsdms�sgd�dwodbsdc�hmbqd_rd�hm�ancx�e_s�
bntkc�ad�nörds�ax�mtsqhshnm_k�_mc�dwdqbhrd�bntmsdqld_rtqdr+�
_r�hmchuhct_k�u_qh_shnm�hr�khjdkx�sn�ad�oqdrdms-�Enq�dw_lokd+�
hm�sgd�Vhhj�ds _k-�rstcx�Z60[+�2�nts�ne�sgd�00�sq_mrfdmcdq�
vnldm�vdqd�bnlokdsdkx�qdrhrs_ms�sn�sgd�l_qjdc�hmbqd_rd�hm�
sns_k�_chonrd�shrrtd�mnsdc�_s�sgd�fqnto�kdudk-�Sghr�hmsdq,hmch,
uhct_k�qdronmrd�sn�sqd_sldms�qdoqdrdmsr�xds�_mnsgdq�bg_kkdmfd�
enq�ronqsr�fnudqmhmf�anchdr�vgn�lnrs�khjdkx+�fhudm�sgd�l_mx�
nars_bkdr�vhsg�b_rd,ax,b_rd�_rrdrrldmsr+�vhkk�enql�onkhbhdr�
a_rdc�nm�_udq_fd�dödbs�rhydr-
@ksnfdsgdq+� sgd� deedbsr� ne� sdrsnrsdqnmd� rtooqdrrhnm�

nm�odqenql_mbd�l_qjdqr� enq� dmctq_mbd� _sgkdsdr� qdl_hm�
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hmrtffibhdmskx�dwoknqdc-�Vghkd�sgd�mdf_shud�dödbs�nm�gdln,
fknahm�bnmbdmsq_shnm� hr�vdkk�cnbtldmsdc+� sgd�dödbsr�nm�
UN1l_w+�kdes�udmsqhbtk_q�rhyd+�rsqnjd�unktld+�aknnc�unktld+�
b_qch_b�ntsots�k_bs_sd�sgqdrgnkc+�_mc�dwdqbhrd�dbnmnlx+�_kk�
ne�vghbg�_qd�hlonqs_ms�cdsdqlhm_msr�ne�dmctq_mbd�odqenq,
l_mbd+�qdl_hm�tmjmnvm-�Gnvdudq+�fhudm�sgd�ok_trhakd�chr,
_cu_ms_fdr�vhsg�sdrsnrsdqnmd�rtooqdrrhnm�ldmshnmdc�hm�sghr�
rdbshnm+�snfdsgdq�vhsg�sgd�lnqd�l_qfhm_k�l_kd�_cu_ms_fd�
hm�dmctq_mbd,a_rdc�ronqsr+�sgd�a_k_mbd�adsvddm�hmbktrhnm�
_mc�e_hqmdrr�hr�khjdkx�bknrdq�sn�dpthkhaqhtl�hm�vdhfgs,ad_qhmf�
dmctq_mbd,a_rdc�ronqsr�bnlo_qdc�vhsg�rsqdmfsg,a_rdc�ronqsr�
vgdqd�sgd�l_kd�_cu_ms_fd�hr�rshkk�rtars_msh_k-

5  Discussion

Sgd�c_s_�oqdrdmsdc�gdqd�cdlnmrsq_sd�sg_s�rtodqhnq�_msgqn,
onldsqhb+�ltrbkd�l_rr�_mc�rsqdmfsg�o_q_ldsdqr�_bghdudc�ax�
l_kdr�_s�otadqsx+�_mc�tmcdqohmmhmf�_�bnmrhcdq_akd�onqshnm�
ne�sgd�l_kd�odqenql_mbd�_cu_ms_fd�nudq�edl_kdr+�_qd�mns�
qdlnudc�ax�sgd�btqqdms�qdfhldm�ne�sdrsnrsdqnmd�rtooqdrrhnm�
odqlhsshmf�o_qshbho_shnm�ne�sq_mrfdmcdq�vnldm�hm�edl_kd�
ronqsr�b_sdfnqhdr-�Q_sgdq+�hs�_ood_qr�sg_s�sgd�l_kd�odqenq,
l_mbd�_cu_ms_fd�qdl_hmr�rtars_msh_k-�Btqqdmskx+�sgdqd�hr�mn�
bnmrdmrtr�nm�_m�_bbdos_akd�cdfqdd�ne�qdrhct_k�_cu_ms_fd�
gdkc�ax�sq_mrfdmcdq�vnldm�sg_s�vntkc�ad�snkdq_akd�hm�sgd�
edl_kd�b_sdfnqx�ne�ronqs-�Sgdqd�hr�rhfmh“b_ms�chrotsd�nudq�
sghr�hrrtd+�drodbh_kkx�rhmbd�sgd�ogxrhnknfhb_k�cdsdqlhm_msr�
ne�odqenql_mbd�u_qx�_bqnrr�chödqdms�ronqshmf�chrbhokhmdr-�
Gnvdudq+�fhudm�sgd�HNB�onrhshnm�sg_s�e_hq�bnlodshshnm�hr�
sgd�nudqqhchmf�ronqshmf�naidbshud�Z03[+�_mx�qdrhct_k�_cu_m,
s_fd�b_qqhdc�ax�sq_mrfdmcdq�vnldm�q_hrdr�nauhntr�bnmbdqmr�
_ants� e_hq� _mc� r_ed� bnlodshshnm� hm� sgd�mtldqntr� ronqsr�
vgdqd�ltrbkd�l_rr+�rsqdmfsg�_mc�onvdq�_qd�jdx�odqenql_mbd�
cdsdqlhm_msr-

5.1  Perspectivdr�nm @thletic Stastr�ne Transgender 
Women

Vghkrs�_u_hk_akd�duhcdmbd� hr�rsqnmf�_mc�bnmuhmbhmf� sg_s�
rsqdmfsg+�rjdkds_k,�_mc�ltrbkd,l_rr�cdqhudc�_cu_ms_fdr�vhkk�
k_qfdkx�qdl_hm�_esdq�bqnrr,gnqlnmd�sgdq_ox�hm�sq_mrfdmcdq�
vnldm+�hs�hr�_bjmnvkdcfdc�sg_s�sgd�“mchmfr�oqdrdmsdc�gdqd�
_qd�eqnl�gd_ksgx�_ctksr�vhsg�qdftk_q�nq�dudm�knv�ogxrhb_k�
_bshuhsx�kdudkr�Z80[+�_mc�mns�ghfgkx�sq_hmdc�_sgkdsdr- Sgtr+�etq,
sgdq�qdrd_qbg hr�qdpthqdc�hm�_sgkdshb�sq_mrfdmcdq�onotk_shnmr-
Gnvdudq+�cdrohsd�sgd�btqqdms�_ardmbd�ne�dlohqhb_k�duh,

cdmbd� hm� _sgkdshb� sq_mrfdmcdq�vnldm+� hs� hr� onrrhakd� sn�
du_kt_sd�onsdmsh_k�ntsbnldr�hm�_sgkdshb�sq_mrfdmcdq�vnldm�
bnlo_qdc�vhsg� tmsq_hmdc� bngnqsr- Sgd� ehqrs� onrrhahkhsx�
hr�sg_s _sgkdshb�sq_mrfdmcdq�vnldm�vhkk�dwodqhdmbd�rhlh,
k_q�qdctbshnmr�%_ooqnwhl_sdkx�±�4 (�hm�ltrbkd�l_rr�_mc�
rsqdmfsg�_r�tmsq_hmdc� sq_mrfdmcdq�vnldm+�_mc�vhkk� sgtr�

qds_hm�rhfmh“b_ms�_cu_ms_fdr�nudq�_�bnlo_qhrnm�fqnto�ne�
edl_kdr-�@r�_�qdrtks�ne�ghfgdq�a_rdkhmd�bg_q_bsdqhrshbr�hm�
sgdrd�u_qh_akdr+�sgd�qds_hmdc�_cu_ms_fd�l_x�hmcddc�ad�dudm�
k_qfdq-�@�rdbnmc�onrrhahkhsx�hr�sg_s�ax�uhqstd�ne�fqd_sdq�ltr,
bkd�l_rr�_mc�rsqdmfsg�_s�a_rdkhmd+�oqd,sq_hmdc�sq_mrfdmcdq�
vnldm�vhkk�dwodqhdmbd�k_qfdq�qdk_shud�cdbqd_rdr�hm�ltrbkd�
l_rr�_mc�rsqdmfsg�he�sgdx�bnmudqfd�vhsg�tmsq_hmdc�sq_mrfdm,
cdq�vnldm+�o_qshbtk_qkx�he�sq_hmhmf�hr�g_ksdc�ctqhmf�sq_mrh,
shnm-�Ehm_kkx+�sq_hmhmf�adenqd�_mc�ctqhmf�sgd�odqhnc�ne�sdrsnr,
sdqnmd�rtooqdrrhnm�l_x�_ssdmt_sd�sgd�_mshbho_sdc�qdctbshnmr+�
rtbg�sg_s�qdk_shud�cdbqd_rdr�hm�ltrbkd�l_rr�_mc�rsqdmfsg�
vhkk�ad�rl_kkdq�nq�mnm,dwhrsdms�hm�sq_mrfdmcdq�vnldm�vgn�
tmcdqfn�sq_hmhmf+�bnlo_qdc�sn�tmsq_hmdc�%_mc�mnm,sq_hmhmf(�
bnmsqnkr-
Hs�hr�vdkk�drs_akhrgdc�sg_s�qdrhrs_mbd�sq_hmhmf�bntmsdq_bsr�

rtars_msh_k�ltrbkd�knrr�ctqhmf�_sqnogx�bnmchshnmr�sg_s�_qd�
e_q�lnqd�rdudqd�sg_m�sdrsnrsdqnmd�rtooqdrrhnm-�Enq�dw_l,
okd+�qdrhrs_mbd�dwdqbhrd�dudqx�sghqc�c_x�ctqhmf�8/,c_xr�adc�
qdrs�v_r�rtffibhdms�sn�bnlokdsdkx�nörds�sgd�1/ �qdctbshnm�
hm�jmdd�dwsdmrnq�ltrbkd�rhyd�mnsdc�hm�sgd�qdrshmf�bnmsqnk�
rtaidbsr�Z81[-�Lnqd�qdkdu_ms�sn�sgd�ptdrshnm�ne�sq_mrfdmcdq�
vnldm+�gnvdudq+�hr�sn�dw_lhmd�sq_hmhmf�dödbsr�hm�rstchdr�
vgdqd�sdrsnrsdqnmd�g_r�addm�rtooqdrrdc�hm�ahnknfhb_k�l_kdr-�
Junqmhmf�ds _k-�hmudrshf_sdc+�hm�_�q_mcnlhydc�ok_bdan,bnm,
sqnkkdc�sqh_k+�gnv�rtooqdrrhnm�ne�dmcnfdmntr�sdrsnrsdqnmd�
enq�01 vddjr�hmfitdmbdc�ltrbkd�gxodqsqnogx�_mc�rsqdmfsg�
f_hmr�ctqhmf�_�sq_hmhmf�oqnfq_l�%2 c_xr.vddj(�sg_s�snnj�
ok_bd�ctqhmf�sgd�k_rs�7 vddjr�ne�sgd�2,lnmsg�rtooqdrrhnm�
odqhnc Z82[-�Cdrohsd�sdrsnrsdqnmd�rtooqdrrhnm�sn�edl_kd�kdu,
dkr�ne�1 mlnk.K+�sgdqd�v_r�_�rhfmh“b_ms�)�3 �hmbqd_rd�hm�kdf�
kd_m�l_rr�_mc�_�)�1 �hmbqd_rd�hm�sns_k�kd_m�ancx�l_rr+ _mc�
_�ld_rtq_akd�sgntfg�hmrhfmh“b_ms�hmbqd_rd�hm�hrnldsqhb�jmdd�
dwsdmrhnm�rsqdmfsg- Lnqdnudq+�hm�rdkdbs�dwdqbhrdr�trdc�ctq,
hmf�sgd�sq_hmhmf�oqnfq_l+�0/QL�kdf�oqdrr�_mc�admbg�oqdrr�
hmbqd_rdc�)�21 �_mc�)�06 +�qdrodbshudkx-�Vghkd�rnld�ne�sgd�
sq_hmhmf�_c_os_shnmr�vdqd�knvdq�sg_m�hm�sgd�ok_bdan�fqnto+�
sghr�rstcx�cdlnmrsq_sdr�sg_s�sq_hmhmf�ctqhmf�_�odqhnc�ne�sdr,
snrsdqnmd�rtooqdrrhnm�mns�nmkx�bntmsdq_bsr�ltrbkd�knrr+�ats�
b_m�_bst_kkx�hmbqd_rd�ltrbkd�l_rr�_mc�rsqdmfsg-
L_kdr�vhsg�oqnrs_sd�b_mbdq�tmcdqfnhmf�_mcqnfdm�cdoqh,

u_shnm�sgdq_ox�oqnuhcd�_�rdbnmc�_udmtd�sn�dw_lhmd�sq_hm,
hmf�dödbsr�ctqhmf�sdrsnrsdqnmd�rtooqdrrhnm-�Sdrsnrsdqnmd�
kdudkr�_qd�sxohb_kkx�qdctbdc�sn�b_rsq_sd�kdudkr+�_mc�sgd�knrr�
ne�kd_m�l_rr g_r�sxohb_kkx�q_mfdc adsvddm�±�1�_mc�±�3 �odq�
xd_q Z66[+�bnmrhrsdms�vhsg�sgd�“mchmfr�cdrbqhadc�oqduhntrkx�
hm�sq_mrfdmcdq�vnldm-�@�qdbdms�lds_,_m_kxrhr�bnmbktcdc�
sg_s�dwdqbhrd� hmsdqudmshnmr� hmbktchmf�qdrhrs_mbd�dwdqbhrd�
vdqd�fdmdq_kkx�dödbshud�enq�l_hms_hmhmf�ltrbkd�l_rr�_mc�
hmbqd_rhmf�ltrbkd�rsqdmfsg�hm�oqnrs_sd�b_mbdq�o_shdmsr�tmcdq,
fnhmf�_mcqnfdm�cdoqhu_shnm�sgdq_ox Z83[-�Hs�hr�hlonqs_ms�sn�
dlog_rhyd�sg_s�sgd�dffib_bx�ne�sgd�chödqdms�sq_hmhmf�oqnfq_lr�
l_x�u_qx-�Enq�dw_lokd+�_�01,vddj�sq_hmhmf�rstcx�ne�oqnrs_sd�
b_mbdq�o_shdmsr�tmcdqfnhmf�_mcqnfdm�cdoqhu_shnm�sgdq_ox�
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hmbktcdc�cqno,rdsr�sn�bnlahmd�gd_ux�kn_cr�_mc�ghfg�unktld�
vghkd�dkhbhshmf�md_q,l_whl_k�dönqsr�hm�d_bg�rds Z84[-�Sghr�
rsq_sdfx�qdrtksdc�hm�rhfmh“b_mskx�hmbqd_rdc�kd_m�ancx�l_rr�
%)�2 (+�sghfg�ltrbkd�unktld�%)�5 (+�jmdd�dwsdmrnq�0QL�
rsqdmfsg�%)�17 (�_mc�kdf�oqdrr�ltrbkd�dmctq_mbd�%)�00/ (-
Hm�_cchshnm�sn�sgd�cdrbqhadc�dödbsr�ne�sq_hmhmf�ctqhmf�sdr,

snrsdqnmd�rtooqdrrhnm+�sgd�dödbs�ne�sq_hmhmf�oqhnq�sn�sdrsnr,
sdqnmd�rtooqdrrhnm�l_x�_krn�bnmsqhatsd�sn�sgd�_ssdmt_shnm�
ne�_mx�ltrbkd�l_rr�_mc�rsqdmfsg�knrrdr+�uh_ _�lnkdbtk_q�
ldbg_mhrl�qdedqqdc�sn�_r�’ltrbkd�ldlnqxz�Z85[-�Rodbh“,
b_kkx+� hs�g_r�addm�rtffdrsdc� sg_s�lxnmtbkdh�_bpthqdc�ax�
rjdkds_k�ltrbkd�bdkkr�ctqhmf�sq_hmhmf�_qd�l_hms_hmdc�ctqhmf�
rtardptdms�_sqnogx�bnmchshnmr�Z86[-�Dudm�sgntfg�sghr�lncdk�
ne�ltrbkd�ldlnqx�g_r�addm�bg_kkdmfdc�qdbdmskx�Z87[+�hs�l_x�
e_bhkhs_sd�_m�hloqnudc�sq_hmhmf�qdronmrd�tonm�qdsq_hmhmf�Z88[-�
Ldbg_mhrshb_kkx+�sgd�mdf_shud�dödbsr�ne�sdrsnrsdqnmd�rtooqdr,
rhnm�nm�ltrbkd�l_rr�_qd�khjdkx�qdk_sdc�sn�qdctbdc�kdudkr�ne�
qdrshmf�oqnsdhm�rxmsgdrhr Z0//[+�vghbg+�snfdsgdq�vhsg�oqnsdhm�
aqd_jcnvm+�cdsdqlhmdr�sgd�mds�oqnsdhm�a_k_mbd�ne�rjdkds_k�
ltrbkd-�Gnvdudq+�sdrsnrsdqnmd�l_x�mns�ad�qdpthqdc�sn�dkhbhs�_�
qnatrs�ltrbkd�oqnsdhm�rxmsgdrhr�qdronmrd�sn�qdrhrs_mbd�dwdq,
bhrd Z0//[-�Hmcddc+�qdk_shud�hmbqd_rdr�hm�ltrbkd�l_rr�hm�ldm�
_mc�vnldm�eqnl�qdrhrs_mbd�sq_hmhmf�_qd�bnlo_q_akd+�cdrohsd�
l_qjdc�chödqdmbdr�hm�sdrsnrsdqnmd�kdudkr Z0/0[+�_mc�sgd�_btsd�
qhrd�hm�sdrsnrsdqnmd�_oo_qdms�ctqhmf�qdrhrs_mbd�dwdqbhrd�cndr�
mns�oqdchbs�ltrbkd�gxodqsqnogx�mnq�rsqdmfsg�f_hmr Z0/1[-�
Sghr�rtffdrsr�sg_s�dudm�sgntfg�sdrsnrsdqnmd�hr�hlonqs_ms�enq�
ltrbkd�l_rr+�drodbh_kkx�ctqhmf�otadqsx+�sgd�l_hmsdm_mbd�
ne�ltrbkd�l_rr�sgqntfg�qdrhrs_mbd�sq_hmhmf�hr�mns�bqtbh_kkx�
cdodmcdms�nm�bhqbtk_shmf�sdrsnrsdqnmd�kdudkr-
Sgtr+ hm�vdkk,bnmsqnkkdc�rstchdr�hm�ahnknfhb_k�l_kdr�vgn�

sq_hm�vghkd� tmcdqfnhmf� sdrsnrsdqnmd� qdctbshnm+� sq_hmhmf�
hr�oqnsdbshud�ne+�_mc�l_x�dudm�dmg_mbd+�ltrbkd�l_rr�_mc�
rsqdmfsg�_ssqhatsdr-�Bnmrhcdqhmf�sq_mrfdmcdq�vnldm�_sg,
kdsdr�vgn�sq_hm�ctqhmf�sdrsnrsdqnmd�rtooqdrrhnm+�hs�hr�ok_t,
rhakd�sn�bnmbktcd�sg_s�_mx�knrrdr�vhkk�ad�rhlhk_q�sn�nq�dudm�
rl_kkdq�hm�l_fmhstcd�sg_m�cnbtldmsdc�hm�sgd�knmfhstchm_k�
rstchdr�cdrbqhadc�hm�sghr�qduhdv-�Etqsgdqlnqd+�oqd,sq_hmdc�
sq_mrfdmcdq�vnldm�_qd�khjdkx�sn�g_ud�fqd_sdq�ltrbkd�l_rr�
_s�a_rdkhmd�sg_m�tmsq_hmdc�sq_mrfdmcdq�vnldm:�hs�hr�onrrh,
akd�sg_s�dudm�vhsg�sgd�r_ld+�q_sgdq�sg_m�rl_kkdq+�qdk_shud�
cdbqd_rdr�hm�ltrbkd�l_rr�_mc�rsqdmfsg+�sgd�l_fmhstcd�ne�
qds_hmdc�_cu_ms_fd�vhkk�ad�fqd_sdq-�Hm�bnmsq_rs+�he�oqd,sq_hmdc�
sq_mrfdmcdq�vnldm�tmcdqfn�sdrsnrsdqnmd�rtooqdrrhnm�vghkd�
qdeq_hmhmf�eqnl�hmsdmrd�sq_hmhmf+�hs�_ood_qr�khjdkx�sg_s�ltrbkd�
l_rr�_mc�rsqdmfsg�vhkk�ad�knrs�_s�dhsgdq�sgd�r_ld�nq�fqd_sdq�
q_sd�sg_m�tmsq_hmdc�hmchuhct_kr+�_ksgntfg�sgdqd�hr�mn�q_shnm_kd�
sn�dwodbs�_�vd_jdq�dmconhms�rs_sd-�Sgd�cdfqdd�ne�bg_mfd�hm�
_sgkdshb�sq_mrfdmcdq�vnldm�hr�hmfitdmbdc�ax�sgd�_sgkdsdzr�
a_rdkhmd�qdrhrs_mbd,sq_hmhmf�rs_str+�sgd�dffib_bx�ne�sgd�hlokd,
ldmsdc�oqnfq_l�_mc�nsgdq�e_bsnqr�rtbg�_r�fdmdshb�l_jd,to�
_mc�mtsqhshnm_k�g_ahsr+�ats�vd�_qftd�sg_s�hs�hr�hlok_trhakd�sg_s�
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