HAPRERR MR @dv apia €73 &
From Female Athlete Triad to Relative Energy Deficit in
Sport(RED-S)

wg ' /EER A
A A AN &

&

m LR RRFENA RE TR L DR o Ui (7 S E b Ry
Lol fort 3] s et A ST EFF A FAED 0 APPSR
A EEE S F o RAdo kR A E 0 3 EF T R IER F L IR
FTEHEEY FAFKREDREE S HEHLRE O RERHRT LR ¢
(International Olympic Committee, I0C)*t 2000 &% & 7 » 4 & | = B
(Female Athlete Triad, Triad)#- & %p (I0C consensus statement) » #
Eﬂ@%%? ¢ (American College of Sports Medicine, ACSM) ** 2007 & » #
%0 f Triad ST & > e F 4 BER R - p 2007 # 2 k> FIEHPLFF 0
P g B> Py RRIrEESHKRDEFFR > FETRRSREMR S L g R
AREGHAIFTHERR Y - REgXBE Fet g [0C* 2014 & > F 4 0 EF
# ¢ gp ¥t £ 7 & (relative energy deficiency in sports, RED-S) » B~
@2%5ﬁﬁﬁﬁﬁéﬁf%ﬁ£%ﬁﬁ@%’if%@@ﬂﬁﬁ%ﬁiliTﬁ
P FE T & o D2 g4 2014 & T0C # RED-S ehip o > 12 v jrigsdfos
ﬁ*k%@ﬁﬁm%%ﬁf%$ﬁfaﬁﬁﬁi°é&ﬁﬁﬁi 11 RED-S #+:8
BROEEEER LG P PR AR OERT P RDNFERY oA kT
T e iuEik o N RAEAPMER P EE PR R ERERESY -
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EYr kg MEMABEFRED N FHhNFEREIRDWE L s
FAPGlde A sl E - BE e EFE S VAU et LS
BRI A FIR bl R M VERS R R RE SRS o
PEEFRE S g RE DS N REDE MM L P e ip EE oL
TV A R S de vt RS s € RS Fl S M E RUEeniE £ e /W e
BEAFERFFOFFIGMERIES RO A F AL TR R RESIH
Glyctidk ~ R EMIF S THEAF X ML B R oLl S g O E s
REEBIes S o S REE R S b RAGRERE S EHE ML 0 &
P B L) S TN S W . V- R RS e SR TS Sl A G S s R Tl i
Bk A bt o FE R A PREER R o/ AR B S ki
L o e AR S L FEEDIR PR &AL 0 - RERE S ATHT
R LA iR A DB Rk fert A A sle T
7 * 1£( low energy availability, LEA) > LEA &4p @ i & %E\a‘rﬂf
Wﬁ@’WﬂTﬁﬁEWiuﬁﬁﬁﬁﬁ%\ﬂﬁ~#ﬂ%B#%%%%’éwA
EFRBARF BRI EARAIPE S REREFEA - HERT Fin
%47& (Temme, & Hoch, 2013) -

)

PPN RF R LA R £ 2005 AT L LER R 2w
d1- B (I0C consensus statement) » % FF¥t Triad h T & 5 - ¢ 2408 %
cH @ g

TF AR S (AP 0 En FRE Uk E (estrogen) e
FoooalAcd B for o Flt o R G2 X R - RPN SHDfoF Fapr E
= Boggk o &L s iER R = Bip (10C Consensus Statement on the Female
Athlete Triad, 2005) - # Ri& &> Tf £ ¢ (American College of Sports Medicine,
ACSM) »+ 2007 #» # % 7 Triad ehe & (T &gchit Ev v M~ P oo o
Frg B B2 A FRE > SEFFREPBI MR ET P g B
¥ (2B fod Tt &(Natlve et al., 2007) - |
WERFHE o I oiRb 5% AFF R LEA 2 L L ERA© 3 B
KB F 4 B .§7ﬂéimﬁh’g%:ﬁﬁﬁ\ggﬁﬁ‘%%%%‘ﬁ&‘
oA sl R e R oA Y i%g,q&;m/% TN s R IR
g 14 (Guillaume, Chppard, & Aurdan, 2012; Hackney, Sinning, & Bruot, 1988);
Veho BREFGE TR SMpahiEREL N g NI Bop iR -2 B 0
qfﬁaf‘i’}igﬁfﬁimﬁzﬂ%— Al P AT o 212 Triad # @8 7 T rrddy it 0 7 a0 ik
Fetaldechypie > 2 2@ g T LA p o Bl R R LIRS K SRR 0
= B J0C 2 T AAMEPNER N EFFERFEE DL 20143720

<
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Lo m Rkt NE@® P aup i ‘E_? %_(Relative Energy Deficiency
insport ; RED-S) ;> mB Xz mueTriad > & 2 2 ™ 7 P rgehe & @ RED-S e
JEAR A dp o BB P g e~ FRREE R ’Frrb Ffrsd B EEE A T
3R 5 o pdt R ALY AP ¥ R 4L 2 el PR G 7 At P2 mat gy
# £ B (Mountjoy et al, 2014) -

d AR A o R RAEAPM B R T P R L 0 E LD A0 TP A ga B
Pena ¥R EA S RAEMHREREEfr =S PRF AR INAKTFY
Grefedk o U MEEESOREE RARESY o GLPMAEP EL K
ﬁ‘?m‘k@f%%ﬁ‘kﬁ‘ﬁ#ﬁﬂﬁmﬁw—”%ﬂa“ﬁéi 25
doim ﬁ%—kﬁvyfiﬁm Fravfigt SN EEDIR L o 0 RAEE £ i B ok R %g\,
HAEERFDELPCHEL - > FPLEE S b P -

R ~ERY e 7 LR B

A= J0C ot #p eng iz P agdp &) > £ I P RED-S A Mk B DR e §
BEACBE L UF] A ER BT A R S Sk F AR T
HAETEM ) sRfeFEA O KW R F (Mountjoy et al, 2014) - 4 ﬁ*ﬂ’f’ ¥
PR e e R A aEE B = Bg en= HE kARt # RED-S $HiE B %

B L2 g hohs RHREFE T RER [ Dk o T
B e T St o
R LD AT LEARRT » PR ERE AT ()RR Y
4c.3m§?]'),§§ Ao e o ¥ HY R LS TR L E T PSR
Aok B s ngng 3 2 2P F(Native et al., 2007) - RED-S+ ¢ 514w
R4 ~ede{rdp & 2 & ¥ (Stice, South, & Shaw, 2012) ; % 57 RAI&i2F
PR, > TG ¢ 24 K jg(Nappi & Fachinetti, 2003) > » ¢ %
PR SERA o7 SR mﬂﬁ (Baxterjones, Faulkner, Forwood, Mirwald, &
Baily, 2011 ; Nappi & Fachinetti, 2003) % Z % e 3 o
fe &7 * 1% i< 3] 30Kcal/kg FFM/day (& = & & 7 25,95 € 5 30Kcal
RRTH S e E R U AEF]T DI )R T o LR 3ed Tehg
ng "f iL(Areta et al, 2013) > (X REeT gl BB E - LEHTER
it E e T 0 Fl L /4 xrﬁmﬂ’b}% i 2B 2L feF BEX ] A kb
BV o % T J - SR S AR e C RN NG 3 T I M U T
iR DA ”%wfﬂéﬁ%
o B & et RED-S e LEA i ™ > 2 ¥ 79755 2 Lhf o a2 p
AimPe chEt e s g TR FIPC S Sew & B A s 08 ¢ (Rickenlund, Eriksson,

F_k
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Schenck-Gustafsson, & Hirschberg, 2005); 7 & %5 fv * #feh8 % » € %] 5 RED-S
moaldz s FILPENHER KA ERE KL FHORY o a e G g
R A o4 £ ocd 9% id (Loucks & Thuma, 2003) @ ™% M4 £ ek en®g s
ERFFNAR2BRENEEIRFR > a R Y F oL g BEL U] 0 &8 B
7 -&ﬁr; ELk R B A o NPV a0 §305 I F F DR > Mg ihenid
Fle, Ra LR mE L My §RFTLMAERE -
WP cfp ¥t 22 KPP ROEES 3 L SRR W A S on
Gojrd ® oR-H g A F Y 0@ § % (progesterone) iy & RGESEEE ciT
* (SeifertKluss, Schmidmayr, Hobmaier, & Wimmer, 2012) - F]p* iz " fai7 f:
FAE A 4o R R o LEAE M A AP Ak R 0 AaEpcip e B (2 3
o A I ILTRE A PE) o Ao % B pF AR LEA enfiR T féxﬂ“@ B f oo B
(Li, Hitchcock, Barr, Yu, & Prior, 2014) - & Hfk$+5 ~ = ek 45 b it i®
* (anabolic effects) > © ¥ 14 {ijgr= # ¥ (osteoblast) » 3 4v 4F sz fo f
& = (Abu, Horner, Kusec, Trifitt, & Composton, 1997) > ™ & FHfrfr¥ -
@R g R F AP (Hind, Truscott, & Evans, 2006) - B+ = f % > 2
¥ fn %= (catecholamines)fr¥ 8 +>(cortisol > ¥ EFEH V'R Irw TR A4 @
HAv oo dedk o B LEA s #F R L ¢ R E 5 B 8 (Fuqua & Rogol,
2013)- £ Hp it Mi@d R -d Fdm A 4 F 424 20 (osteogenic effect)
#-¢ ' " (Ackerman et al, 2012) < ¥ #h#= 3 3£ 45 &) LEA © SAmesu i - BB
ZENF R 0 RH)XAF R RER IR FIS U ¢ MR E S e EliE o ot K
3, 5 % 4 £ 713 0% | A (Insulin growth factor-I, IgF-1) (Lambbrinoudaki &
Papadimitrrious, 2010) - - 7 @4k » @& R F Fov L 272 7 i3 «(Keen,
1997) » = f]%{;m%_? FEFERBEEFERES 2 af rindalh 2RA T K o
M BF K g M A T AR F 47 (stress fracture) s e
(McCabe, Smyth, & Richardson, 2012) » /& 4 (% drend @ g g 51+ > R & 42
8 oe 4 2 ( Nattiv, 2000) ~ #F %27 @& 2 (Schnackenburg, Macdonald, Ferber,
Wiley, Boyd, Chu, & Hannafin, 2011) ~ & BMI (Tenforde, Sayres, Mccurdy,
Sainani, & Fredericson, 2013)fc4k & £ ¥ e IEJ.}},‘IEJ.&;P (psychopathology)
(Marx, SaintPhard, Callahan, Chu, & Hannafin, 2001) ¢ a‘?ﬁ%n‘iv‘gkf%ﬂ, v &
B RED-S ¥ A R i B B epadp § B L 0 ¢ A2Axh P ins # Triad sy
mEA R FHERE o

#

‘-z:L

% - RED- S $:88 % ¥ s
125 10C “H4% 31 I RED-S $i8 8 & 3 el e 32 0 0ed ~ wtd AR PR
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CAN LA LA SRR R SRR TR R RO L AN

2~ 5% % (Mountjoy et al, 2014) - &g@ % L% 125 ) RED-S $i8 6 =
PUFNERIE 1T O L RFTR 54

Fh e iR G eI B R dE T ek s Bk s B ‘ﬁ;f@'d

74 P T R E R RA N F Aok B L b 284 R B
Pk - TR ITIoqn PEVHOLE oA R d HNE £ S0 s o ﬁ%r*
A3 A RFE FRPTaNR A H T KR F"*mﬂfv%mﬂ%ﬁowmﬂ’

FF - ek A NER R EF 7 ARE L7 A Fehfhed
W s R RAERPIRE SF (s RADFOTET ) frt F AR LE
(Vanheest, Rodgers, Mahoney, & De Souza, 2014) -

P e £ KA Bk G R e faved SRR G R A &
BArER B L E A 4 T o ved T i A B RN S iE £ ok et
FoAg o FAved THMERE S L EL T RS § LT R R e
Aoed B e ReDBy ot Feod G L LAPM o Ft R * T M E i
-2 Al g AE wed RFA iR ot AR TR T g ﬁég

FAFAPERFFSFLRPPL o Vb ERARIRET Y R FIPE FH A
%ﬁﬁ-i’?"ﬁﬁf@ 13 WAtk o Gilde o @4 R 4 S AT o B goep e
AR F R E MM E DR E A - G 0§ AL s R

4o iilifvf?ﬂﬂii’éi@ﬁﬂé? ik )j‘ @A JPTRE S ARDPE
HYBASEROEF AP~ Flap/eParp 23 228 E 2 &
BE L AKRPES FET AL PR T 6/ 1k ik A K (g

MR Ry - R iEE A2 G T o Bldell :riﬁwa;fgg;jﬁ
oA AT A A PR T F o e LEA R T ot B P 7 g 2 vep
IR R (glycogen) At v 2 & ip R L ) R R e R RE 470 @

’cm»,mﬁmw?ﬁ M %mg\ e xﬁ,g R )Ik,);'i 3 ;a:—ﬁ;;m q?g_)é“ g

VIRES GEIF T R YIMORE S T sb;ilﬁe%@‘ D EREE L

£ o f’l"l‘i«_ﬂég_??:l‘i%._é/%gI Ebﬁ’)"l}%%’é#l-[,bﬁ;{; i}%%}é#
%

(Hagmar, Hirschberg, Berglund, & Berglund, 2008) ~ = ¢ 3
(TheinNissenbaum, Rauh, Carr, Loud, & McGuine, 2011) » i&% R EEH & & &

1638 3| el iR o

SH R RS MR E E L (Gl R B E  BEeEE )
g éﬁ a A jt #’ rﬂl]" E ’ ji v é 7_?5 g P!;‘F\:’-L ~ ?IJ);]'(rE‘?]J /,ﬁﬂfrﬁéj ;\‘ j{#;:_
FIARE > v i - B FE L RIT A T A R Sk ks T

%‘r% j—’@‘—‘l"\ K 5%??72 lE:f'FF 28 o__lﬁm.%i])g L fi‘ﬂ'— ﬂﬁi‘g‘frﬁ&ﬁ—/&i , tti%fé/}
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BFERELEFDRE S FRRE oS - PP E 3 (Gisolfi &
Copping, 1974) ~ *% M $;# & (Sawka, Young, Cadarette, Levine, and Pandolf
1985 ) » w ﬁa?l 4 € (cardiac output) -~ & r)‘-‘ﬁa?J 4 & (stroke volume)(Nadel,
Fortney, & Wenger, 1980) 4=+ = A&* & /i £ (forearm blood flow)(Nadel,
Fortney, & Wenger, 1980) o izudt 4 3P| & @ s v AR U CA AR & ek IR o m]
4o AP e R T EE (G R IBRDPIRE Y F o s oo MR 4 g%
2T E S LGV R DT REVRSF o § RYPOTE T J A E R
.gﬁ%m—iﬁﬁﬁﬁ%mcﬁﬂgﬁﬁ%, RS ) FRTE R TS UL L
IR TR ’?U%%»Emﬁmuwﬁﬁ*gF4°;£W$Ln
Fe 3 & J§ Gt iF oo T e m;}ﬂ o Fp g Ew L g
%@%’Ji%¥ﬁ*#T%ﬁbgﬁﬁﬁi4’ %ﬁfﬁﬁwmaou*m
w -

N

HmT g AP EEA G R LT RRIcE S P S L EAR o

digR P EFR kT ﬁiﬁi“’@#ﬁ%% o HELR NHE S AR E e
Sl o B F 0 FEESfoRT 20 jRRED-S i@ E A Ren7 JIRE -
B AT B A - R ML B R A E A B P Y R R R
feE 2 Bz F e B9 A > 3 7R EL kS m2E T
e gih

BB ok KT i B

PARAGRMESIE D > GldcEF ~ F i B F Wk AN 55
FE o~ FE B FieE oS30 7§ RED-S i 2 o e £ M
My RPN R4y > L pMAE P HRED-SEFRAF T MART FEi7 0 @
E%&%ﬁ%ﬁﬁﬁiﬁ%g*ﬁﬁ%%ﬁﬁ’ﬁilﬁiﬁﬁﬁﬁiﬁ§&%
BB 5 FR A R R A S e UnR T R Y e S g
i%%QWJMQ#%E%ﬁ%%U€ﬁ’ﬁ,a\%ﬁ‘%%\$%\imﬁ

INCFERATTARM BFIEG FRBROX B AR ERG > R ApMoLp o p
#‘ﬁﬂ“’ﬁfﬁﬁﬁimfﬁ#ﬁJ Bk Apy £ & AT -

T~ %%

o S H AL g e A0 100 2014 A T ER i £ &
v AT 2005 £ e E R R Z g & e03®2d L Triad 7 e 7 2 FE ey i
BZBEA o m v TR ERSE e R THERESL 7 2 A p o RED-S v
JEAR AR T AN A RS R R T SR P REE S R TR s
R LA R MR BT sl 0 @ 2 G T oAt bl d 3Bty

142



BER oRED-S H A fri@d AP F gy R LEFm s 7EHR > AP pMAEP
g E s Ay 5o Pl AN ERRER R O HEE RS SRF S S oRpE kg o
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¥ ;rs»}s & BT B RAE A E AR IR T ~ WIE BT ISR~ B Hdew T
FEATF AP OB FRBEOREZFRAF

54

Abu, E. O., Horner, A., Kusec, V., Triffit, J. T., & Composton, J. E. (1997). The
localization of androgen receptors in human bone. Journal of clinical
Endocrinology Metabolism.82:3493-3497.

Ackerman, K. E., Putman,M., Guereca, G.,Taylor, A. P., Pierce, L.,Herzog,
D.B.,......Misra,M. (2012). Cortisol microstructure and estimated bone strength
in  young  amenorrheic  athletes,  eumenorrheic  athletes  and
nonathletes.Bone,51:680-7.

Areta, J. L.,Burke, L.M., Ross, M.L., Camera, D.M., West D.W.,........ Coffey, V.G.
(2013).Timing and disruption of protein ingestion during prolonged recovery
from resistance exercise alters myofibrillar protein synthesis. Journal of
Physiology, 591(Pt 9):2319-2331.

Baxterjones, A. D., Faulkner, R. A., Forwood, M. R., Mirwald, R. L., & Baily, D.A.
(2011). Bone mineral accrual from 8 to 30 years of age:an estimation of peak
bone mass. Journal of Bone Mineral Research, 26:1729-1739.

Fuqua, J. S., & Rogol, A. D. (2013).Neuroendocrine alterations in the exercising
human: implications for energy homeostasis. Metabolism, 62:911-921.

Gisolfi, C. V., and Copping, J. R. (1974). Thermal effects of prolonged
treadmill exercise in the heat. Medicine and Science in Sports, 6,

108-113.

Guillaume, G., Chppard, D., & Aurdan, M. ( 2012). Evaluation of the bone status in
high level cyclists. Journal of Clinical Densitometry, 15:103-107.
D0i:10.1016/j.jocd.2011.08.001

Hackney, A. C., Sinning, W. E., & Bruot, B. C. (1988). Reproductive hormonal profiles
of endurance-trained and untrained males. Medicine & Science in Sports and
Science, 20(1):60-65.

Hagmar, M., Hirschberg, A. L., Berglund, L., & Berglund, B. (2008). Special attention
to the weight control strategies employed by Olympic athletes striving for

143



leanness is required. Clinical Journal of Sports medicine, 18:5-9.

Hind, K., Truscott, J. G.,& Evans, J. A. (2006). Low lumbar spine bone mineral density
in both male and female endurance runners. Bone, 39:880-885.

Keen,A. D., & Drinkwater, B. L. (1997). Irreversible bone loss in former amenorrheic
athletes. Osteoporosis International, 7:311-315.

IOC Consenus statement on the female athlete triad. (2005). Lambrinooudaki, L., &
Papadimitriou, D.(2010). Pathophysiology  Science in Sports &
Exercise,28:180-189. D0i:10.1097/00005768-199602000
http://www.olympic.org/Documents/Reports/EN/en_report_917.pd.

Lambrinooudaki, L., & Papadimitriou, D. (2010). Pathophysiology Science in Sports &
Exercise,28:180-189. D0i:10.1097/00005768-199602000 .

Li, D., Hitchcock, C. L., Barr, S. I, Yu, T., & Prior, J. C. (2014). Negative spinal bone
mineral density changes and subclinical ovulatory disturbances-prospective
data in healthy premenopausal women with regular menstrual cycles.
Epidemiologic Reviews, 36: 137-147.

Loucks, A. B., & Thuma, J. R. (2003). Luteinzing hormone pulsatility is disrupted at a
threshold of energy availability in regularly menstruating women. Journal of
Clinical Endocrinology Metabolism, 26: 297-311.

Marx, R. G., SaintPhard, D., Callahan, L. R., Chu, J & Hannafin J. A. (2001). Stress
fracture related to underlying bone health in athletic females. Clinical Journal
of Sports Medicine.11:73-76.

McCabe, M. P., Smyth., M. P.; & Richardson, D. R. (2012). Current concept review:
Vitmin D and stress fractures. Foot & Ankle International, 33:526-533.

Mountjoy, M., SundgotBorgen, J., Burke, L., Carter, S., Constantini, N., Leb, C.,Meyer,
N...... Ljungqvist, A. (2014). The IOC consensus statement: beyond the Female
Athlete Triad—Relative Energy Deficiency in Sport(RED-S). British Journal of
Sports Medicine, 48(1):491-497.

Nadel, E. R., Fortney., S. M., and Wenger, C. B. (1980). Effect of hydration on
circulatory and thermal regulation. Journal of Applied Physiology, 49:715-721.

Nappi, R. E., & Facchinetti, F. (2003). Psychoneuroendocrine correlates of secondary
amenorrhea. Archives of Women’s Mental Health, 6:83-89.

Nattive, A. (2000). Stress fractures and bone health in track and field athletes. Journal
of Science and Medicine in Sport, 3:268-279.

Nattive, A., Loucks,A. B., Manore, M.M., Sanborn, C. F., Sungot-Borgen, J., & warren,
M.P. (2007). American College of Sports medicine position stand. The female

144


http://www.olympic.org/Documents/Reports/EN/en_report_917.pd

athlete triad. Medicine & Science in Sports & Exercise,39:1867-1882.

Rickenlund, A., Eriksson, Mj., Schenck-Gustafsson, K., & Hirschberg, A. L. (2005).
Amenororrhea in female athletes is associated with endothelial dysfunction and
unfavorable lipid profile. Journal of Clinical Endocrinology Metabolism,
90:1354-1359.

Sawka, M. N., Young, A. J., Cadaratte, B. S., Levine, L., & Pandolf, K. B. (1985).
Influence of heat stress and acclimation on maximal aerobic power. European
Journal of Applied Physiology,53:294-298.

Schnackenburg, K. E., Macdonal, H. M., Ferber, R., Wiley, J. P., Boyd. S. K., Chu, J.,
& HannafinJ. A. (2011). Bone quality and muscle strength in female athletes
with lower limb stress fractures. Medicine and Science in Sports and Exercise,
43:2110-2119.

SeifertKlauss, V., Schmidmayr, M., Hobmaier, E., & Wimmer, T. (2012). Progesterone
and bone: a closer link than previously realized. Climacteric, 15(suppl
1):26-31.

Stice,E., South, K., & Shaw, H. (2012). Future directions in etiologic, prevention, and
treatment research for eating disorders. Journal of Clinical Child & Adolescent
Psychology, 41:845-855.

Temme, K. E., & Hoch, A. Z. (2013). Recognization and rehabilitation of female
athlete triad/tetrad: a multidisciplinary approach. Current Sports Medicine
Reports, 12(3):190-199.

Tenforde, A. S., Sayres, L .C., Mccurdy, M. L., Sainani, K. L., & Fredericson,
M.(2013). Identifyingsexspecific risk factors for stress fractures in adolescent
runners. Medicine & Science in Sports & Exercise, 45:1843-1851.

TheinNissenbaum., J. M., Rauh, M. J., Carr, K. E., Loud,K.J., & McGuine, T. A.
(2011). Associations between disordered eating, menstrual dysfunction, and
musculoskeletal injury among high school athletes. Journal of Orthopedic &
Sports Physical Therapy,41:60-69.

Vanheest,J.L., Rodgers, C.D., Mahoney, C.E., & De Souza, M. J. (2014). Ovarian
suppression impairs sports performance in junior elite female swimmers.
Medicine & Science in Sports & Exercise, 46:156-166.

145



146



