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The Influence of Diet, Body Fat, Menstrual Function, and
Activity upon the Bone Density of Female Gymnasts

Woo, Soon Im - Cho, Seong Suk

Department of Nutrition, College of Natural Science, Seoul Women's University, Seoul 139-774, Korea

ABSTRACT

This study was conducted with 20 female gymnasts and 23 age-matched controls to examine the relationship of diet,
menstrual function and bone mineral densiry(BMD). The results obtained are summarized as follows : Energy intake of
gymnasts was 968.91421 4kcal, and energy expenditure was 2091 .4+ 361kcal showing negative energy balance(- 1,122 5%
534.6kcal). The average intakes of calcium, iron, vitamin A, thiamin, dboflavin and niacin did not meer the Recommended
Dietary Allowarnces for their age groups. Mean age at menarche in gymnasts is 15.8+1.2 years compared with 11.8-+2.8 years
in age-matched controls. The profile of estradiol, progesterone, and luteinizing hormone was lower than age-matched controls
but not significant. Athletic amenorrheic gymnasts(n=12) have the menstrual irregularity(n=10) and amenorrhea(n=2). A
number of variables as such nutritional deficiency in diet, negative energy balance and hypogonadotropic hormonal status were
included. The bone mineral density(BMD) of female gymnasts were significantly higher than controls for the femoral neck(p
<0.001}, trochanter(p<(0.01), and Ward's triangle(p<0.001), but there were no significant differences for the lumbar spine
and forearm. The lumbar spine BMD had a positive corrclation with age and lean body weight. The femoral neck BMD was
significantly associated with age, group and lean body mass. The trochanter BMD had significant relationship with group, body
mass indey, energy expenditure and follicular stimulating hormone. Ward's triangle BMD were related to body mass index and
follicular stimulating hormone. The significant association was detected between forearm BMD and age and lean body weight.
The major finding of this investigation is that the BMD of gymnasts were higher than age-matched controls despite the fact
that gymnasts as a group had inadequate dietary calcium and a higher propensity to have an interruption of their menstrual
cycle. These data indicate that gymnasts involved in sports producing significant impact loading on the skeleton had greater
femoral neck, trochanter and Ward's wiangle bone density than age-matched controls. (Korean J Nutrition 32(1) : 50~63,
1999)

KEY WORDS : female gymnasts - diet - menstrual function - bone mincral density - higher propensity.
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Controls Cymnasts
Nurmber” %)” Number (%)
Menarche Yes 23 (100) 10 (50.0)
No 0 (0 10 (50.0)
Regularity of Yes 23 (100) 0 . (0 )
menstruation No 0 {0 10 (50.0)
No response {0 10 (50.0)
Oligomenorrheic Yes 0 ()] 10 (50.0)
(Absence of menstual cycle No 23 (100) 0 (0 )
during 2 -3 months) No response 0 ¢ 0 10 (50.0)
Controls Gymnasts
Mean£5D Range Mean£5D Range
Age of menarche(years) 11.8+ 2.8%** 11.0- 140 158+ 2 141-174
Cycle length(days) 283x 2.7 21.0- 320 - -
Duration of menstruation(days) 7.0x 5.0* 40- 9.0 46+ 1.4 3.0- 70
Years of training prior to menarche - - 6.3% 1.6 40- 9.0
Years since menarche 361 3.0%* 1.2- 6.0 12+ 09 01- 28
Hormonal status
Estradiol{pg/ml) 359+23.0 20.0-130.0 31.4£154 200-70.3
Progesterone(ng/m!) 0.8+ 0.3 02- 1.7 07+ 03 0.2- 1.2
Luteinizing hormaone(miU/ml) 26+ 1.6 10- 5.8 25+ 24 0.7- 97
Follicle stimulating hormone(miU/mI) 27+ 1.2 1.0- 5.2 28+ 1.4 1.0- 5.0
1) Early follicular phase(2~5 days of the menstrual cycle) 2) Number of subjects 3} % of subjects *p<{0.05 ***p<0.001
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Table 2. Bone mineral densities of controls and gymnasts

Controls Gymnasts
Mean 5D Range Mean+5D Range
Lumbar spine(g/em® (L,~L.) 0.90£0.11 0.51-1.13 0.96+0.12 0.70-1.19
Li(g/em?) 0.85+£0.09 0.70-1.07 0.914+0.14 0.64-1.23
Lag/em?) 0.91+0.10 0.64-117 0.96+0.14 0.70—-1.23
Ly(g/em?) 0.93+0.09 0.77-1.15 0.97+£0.14 0.72-1.22
Lag/em?) 0.93+0.09 0.72-1.13 0.97+0.11 0.72-1.20
Femoral neck(g/cm®) (.82 10,10 0.66-1.10 0.95+0.09 0.78-1.15
Trochanter(g/cm?) 0.72+0.10** 0.57-1.03 0.79+0.06 0.70-0.90
Ward's Triangle(g/cm?) 0.82+0.13%= 0.65-1.18 0.93+0.09 077-1.14
Right forearm(g/cm®) 0.67+0.05 0.57-0.76 0.68-+0.07 0.53-0.77

5 <0.01

Tahle 3. Correlation coefficient between age of menarche and
anthropometric values, eating pattern and energy expen-
diture

wkp 0,001

Age of menarche

Correlation coefficient Pvalue
Height -0.302 0.105
Weight -0.240 0.201
Body mass index - 0.182 0.335
% of body fat - 0.406* 0.026
Body fat weight -0.329 0.076
Lean body weight 0.025 0.895
Sum of skinfold thickness -0.439% 0.015
Eating pattern -0.225 0.232
Energy expenditure 0.030 0.872
Energy balance -0.171 0.365
Energy in take -0.200 0.289

*0<0.05

(p<0.001), EAAR(p<0.01), Ward's triangle(p<0.
08l FUEE ATl hRERT f9H 02 B3,

o) 2%, oy
45k A7HTable
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Atgt A3H(Table 4), £59+2]
=0.60, p<0.01), ARFR(=0.60, p<0.01), THE
#(r=0.47, p<0.05), AALEFH(r=0.49, p<0.05), A
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Table 4. Age-adjusted partial correlation coefficient between bone
mineral density and anthropometric values

Lumbar Femoral Troch Woard's .
spine neck rochanter triangle orearm

Controls

Height 038 027 054 030 -0.14

Weight 060 037 071* 026 ~0.18
B

ody mass 060% —-036  065*% 020 -015
index

Wrist
. 047% 027 029 013 0.6
circumference

% of body 020 030  0.46* 008 -0.31
fat

Body fat 049* 024 081 011 -036
weight

Lean body 047* 038 021 035 018
weight

Skinfold 017 026 048 010 =033
thickness

menasts

Height ~0.16 045 036 022 002

Weight 008  054* 077+ 0.16 057

Body mass 020 024  0.53* 003  053*
index

Wrist 012  0.64* 0.69* 058* 046
circumference

Bofbody 04 042 008 034 -008

Body fat -000 010 045 -028 050
weight

L

ean body 010 055* 057 039 030
weight

Skinfold

kinfo ~0.06 043 025 022 —0.11
thickness

*p<0.05 **p<0.01 **+0.0.001
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Table 5. Correlation coefficient between bone mineral density and nutrient intakes, ealing pattern and energy expenditure

Lumbar spine  Femoral neck  Trochanter ~ Ward's triangle Forearmn
Controls
Energy -0.04 -0.29 -0.32 0.02 0.02
Protein 0.07 ~-0.36 -0.35 -0.09 -0.01
Aminal 0.22 0.46 0.11 -0.08 0.11
Plant -0.22 0.16 0.34 0.08 -0.11
Calcium 0.17 ~0.11 ~0.25 0.31 0.13
Animal 0.62%* 0.31 0.36 0.39 0.26
Plant —0.59*« -0.30 -0.36 -0.38 -0.22
Eating pattern 0.08 -0.34 -0.37 0.20 0.8
Energy expenditure 0.46* 0.32 0.71%+# 0.22 -0.09
Energy expenditure(kcal’kg of body weight) 0.39 0.07 0.13 0.35 0.58**
Gymnasts
Energy 0.31 -0.20 0.04 -0.02 0.03
Protein 0.06 -0.21 -0.02 -012 -0.14
Animal -0.08 0.20 0.31 -0.12 0.00
Plant 0.15 -0.15 -0.32 0.16 -0.00
Calcium 0.26 0.40 0.36 0.5 0.8
Animal -0.15 -0.09 -0.01 -0.36 0.1
Plant 0.11 -0.08 0.03 0.18 -0.17
Eating pattern -0.26 -0.40 - 0.60%* -0.34 -0.36
Energy expenditure 0.78* 0.67** 0.55% 0.51* 0.77%+*
Energy expenditure(kcalkg of body weight) 0.68%* 0.35 0.06 0.39 0.69%++
*p<0.05 0 <0.01 *¥p <0.001
<0.05), 2EE#(r=0.64, p<0.05), AALF>=0.55 B4 ZedHAndo| FHALFE &F FUEI R o
p<0,05)° 43 ol FHBAE JE. AT B dgsshe fA ARl glen, AT
s} BAGA YETIAS A r=054, p<0.05), AF  F%: YADT $IHQ JRBAE ol itk 44
(r=0.71, p<0.001), AAZAF(r=0.65, p<0.01), AA A oF L= PAe dx=T ABTNA 99
Hhe-(r=046, p<0.05), AALEF@=0.65, p<0.01), A AAT|AS RolA gigker oA v dz
312 WA (r=0.48, p<0.05)9F F2l3t oke] dudA  F(r=0.46, p<0.05)% BT (r=0.78, p<0.001) =F
B 2y, AATAME AF@=0.77, p<0.0D), AEF oA 7oA I FRBAS B WA &uFe] Tt
A4(r=0.53, p<0.05), TEE (r=0.69, p<0.05), A EFE 8F FLEIL FolRAE AR 2AHJT
A (r=0.57, p<0.05)7 F2Q] %o YAHAAE 1+ HE AR 22 944 48¥de iz 2487
Btk Ward's triangle®-2) }?:3‘3’&3&74]‘:' A2 T M FAE FBARAE 2P TNA oy ] 28] =k}
ARos #o3 Wsrt golor 487Me 255 HAY TEE(0=0.67 p<0.0D FAHA ¥ 4FH
(r=0,58, p<0.05)8h ol g e} 4k A 95t AS 2ot B ART|A dix] Lvlde] ZrlesE
d9lazaeie Tunele) Juadr dEFdALE §  USAY U} ZeET. BEAAY BUEE 0F
AMoz Solg ABHol glglor], AUTAME AR o ARTOIM A4 NH B} $29 S wo|
=0.57, p<0.05), AR FRAF(r=0.53, p<0.05)st frof & A Lk AL cAH IR FLE ] JRAA=
Fe] AFBHAAE Ve aRFAAE fejidel gga 48+ (r=-0.60, p<0.01)
2) MAITYEL, FYYE D oA AU YUTY e e
AHE GaE odz] AuHH FREse] Geie 2T (=071, p<0.001), E¥(=0.55. p<0.05)l
C A feFel ol ABBATL QYT & YREs AT
AE(Table 5) 2T 25 TLES T4 ZFaild - _
oA dEARTY FEEE dA] AvFo| F1ETE

H]&(r=0.62, p<0.01)7 ¢ ARBAE EHo8= F

718, Ward's triangle®] S2Es %4 HA%



56/AMTFA, 4737, TEHE
2 e gazey AgdA freldel fixlen
AR 2EFEE AEF (=051, p<0.05)014 feld
oke] ApaAzE deleng HEde] Ward's triangle
ZURE R LH|Fo] FVE 52 YT

A9l oFH9e EHne} dd4 HHH 2L Ad
9 *J&&?%l— U273 AgTA fode] gsler o
WA 2HERe 87 =0.77, p<0.05)%A4 #2)&Q <k
o] @AA 7}y AAck.

3) WA= AMTH

27 4% 3 AYHe=ga A%
Deote) ABBAE Table 63 2 8.5 FLEote] 3
AA dzrolA 27 9% % AT 2E 559 7203
A A4 sle BFE fldlen, 2T s T2 A2
27} F9)4de] gsith(p<0.05).

Ag A ¢ Fol &

0H 35919) AN HSE TURG Tl
%znzq_oi Froj8 o] gl WA YR, @)
Ae A2EFTIS(r=048, p<0.05)% A F)

-‘&-‘&74]7} At HE AR SUele] AAaAA A
F73 AP EAF o2 93 A@go] e EF
= 993, Ward's triangle 9 %E99] A GAME dix
oA BARoE frolgh Bl glen dyadAs
NEfHTL(r=0.54, p<0.05), dEZA=EZE(r=0.50,
p<0.05)% $<] &) AdA 7 ARt

A9 FFHe] AAAA = NETH dFgTodAMe #
]3¢l AaAde] ol WaE gsint.

T
4) UL} AHAALLY ANY HEY
A, AAAZA], F%2 A 2 528 320 2

A5 nXE Gk s goprr] ko] ZF BE (e,
g AT, thE AR, Ward's triangle, 99835 9) =
deol FHUE %—’F-‘%% FiAdol EA AR WFES
AR 419 2dg 4t HAA FFAEA (hierachi-
cal regression)< }ﬁiq(Table 7-11). Model 1918 &
EUE9) FA¥E A7) A8 JAdE model 2004E
AAASRZA ARG, ARAEE, AALEE model
3elAE G4 B Hea A0 554 2 4
A, WA 2 oyA] A F, D0d ARG mo-
del 404e ZEES FR2A AEIHTEH 9TAF
SEE FEE QTR ARSI

W) 23 FY=

8F Fdxo] Z47ke) HpFo] Ve 9T FAE
A3 (Table 7) model 1914 dHz} Hgo] 25 FLE9
38% AFS Ao (R*=0.38) 9H(P=0.59)0] &%
EFARd fog 4Fe vABE o] HETE U
= E}AHp<0.001), HAZHP=0.18)& FAH o=
frejide] gidlenz gEyy dgytd 8F IURd
el gk 2o 7k Gtk

Model 2614 @#, A, ARBAR(BMD, Ak,
AAYEo] 25 FUEY 60% ¥FS dHFon A=
Acto] A3 Wko| el 22%(R*=0.22)E &7tz 217
AZX 7t Astact, AQ#FAS(B=0.50), AR PEFHP=
0.36)°] o 9Fe mzonz ARVt B&TF
ARG 7] ‘M’T‘f-— SFIURI} H2 A2 FAEH

Model 394 €98, A AR 5(BMD, A=),
HAAYE, A", 584 ZEAFE, A 2l o

k..

Table 6. Age-adjusted partial correlation coefficient between bone mineral density and age of menarche, reproductive endocrine status

Lumbar spine  Femoral neck  Trochanter =~ Ward's triangle Forearm

Controls

Age of menarche -0.26 -0.23 0.07 -0.07 -0.08
Years since menarche 0.26 0.23 -0.07 0.07 0.08
Estradiol -0.11 -0.43 -0.34 0.17 0.03
Progesterone -0.37 -0.22 -0.04 -0.07 -0.08
Luteinizing hormone -0.26 -0.22 -0.04 -0.07 -0.08
Follicle stimulating -0.18 0.02 0.10 0.37 -0.15
Gymnasts

Age of menarche -0.14 0.26 0.05 0.35 -0.15
Years since menarche 0.14 -0.26 -0.05 -0.35 015
Estradiol -0.19 0.48* 0.19 0.54* 0.09
Progesterone 0.56* 0.09 0.67% 0.14 0.34
Luteinizing hormone -0.44 0.40 0.21 0.39 -0.25
Follicle stimulating hormone 0.26 -0.44 0.03 0.50* -0.19

*n<0.05
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%) 4% 293 4APe] 25 3UEe
2RA9.25) model 294 HHF ¥ olslo] x| 2
QU3 A QAL oA 1% FtE 29sEe. 2

Z1H
rd 3 tﬂ)‘EO] __&:ﬁ _:_H]Eoﬂ U]ZI‘C_ cggo‘k_g-_ %7_,“34 %—9—]/@% (2) EHE] o1

A =350 PR dssel G¥ES 2AE 2K Table
- del AR Fdo] EZF FLEe
Model 49141 model 3614 4R € oloje oz - 1100 1V T Wae] HHAT BLEA 39%

HEH(R=0.39)2 &

Table 7. Hierachical regression analysis of factors on lumbar spine(Ly~L.)

Model 1 Model 2 Model 3 Model 4
Characteristics of Anthromometric Nutritional factors Hormanal status
age and group measurements
b B b B h B b B
Age 0.04 0.59++* 0.02 0.36" 0.02 0.27* 0.17 0.30
Group(Gymnasts=1) 0.04 0.18 0.06 0.25 0.05 019 0.02 0.15
Body mass index 0.02 0.50% 0.00 0.09 0.04 0.18
Lean body mass 0.01 0.36* 0.01 0.41* 0.01 0.40
% of body fat -0.0 -0.48 -0.01 ~044 -0.01 -0.45
Eating pattern 0.00 0.17 0.00 017
Calciurn(animal source) 0.00 0.25 0.00 0.26
Energy expenditure 0.00 0.50 0.00 0.57
Energy intake 0.00 0.55 0.00 0.56
Protein intake -0.00 -0.29 -0.00 -0.29
Estradiol -0.00 -0.05
Follicle stimulating hormone -0.00 -0.02
Intercept 0.30 -0.07 -0.24 -0.3
R 0.38%+* 0.60* 0.67%** 0.67%**
R’ increase 0.22%* 0.07* 0.00
*n<0.05 **0 < 0.01 #40<0.001
Table 8. Hierachical regression analysis of factors on femoral neck
Maodel 1 Model 2 Model 3 Model 4
Characteristics of Anthromometric Nutritional factors Hormonal status
age and group measurements
b B b B b B b B
Age 0.02 0.25%** 0.00 0.05 0.00 0.06 0.02 0.24
Group(Gymnasts=1) 013 Q.57+ 0.21 0.90** 0.14 0.59 0.10 043
Body mass index -0.00 -0.05 -0.02 -0.39 -0.04 -0.94
Lean body mass 0.01 0.48%* 0.01 045 0.01 0.45
% of body fat 0.00 015 0.00 0.22 0.00 0.28
Eating pattern ~0.00 -0.05 - 0.00 -0.04
Calcium(animal source) 0.00 0.17 0.00 0.24
Energy expenditure 0.00 0.22 0.00 0.64
Energy intake -0.00 -0.01 -0.00 -0.10
Protein intake -0.00 -0.21 -0.00 -0.23
Estradiol 0.00 0.21
Follicle stimulating hormone 0.01 0.21
Intercept 0.56 0.35 0.54 0.76
R? 0.39%** Q.54%%* 0.59%+* 0.63%**
R? increase 0.15%* 0.04* 0.04*
*n<0.05 *0<0.01 *++0 0.001
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0 57)0] freg
Feo] 457} -—7}0 o
7 f=:‘?=lE7} Z-3y
Model 294 A%, A
AR &) hE A5 %‘QE—J 54%¢] AFEe 45
AR Hedo] A AF ol 15%F AANAFA7}
F742 298t Model 3914 AP, AAEE, A
AAE, T84 ZEAAT, AUA &EF, oy ‘%ﬁ]&
i HF el AR 59%9] WEE dusiHn
model 20714 238 WF oo qA] R FEH ¢HA
AL A 498 EEAR, 22 brgo] HEAR-

. AALERF2(BMI), A= ke
WS ARG,

FLRd vAE g9 A7 gor) Qs tﬁ, model
494 model 314 ﬂﬂé:l— omiloﬂ o ~EZT] S
Y= FTEES U Q%%_ 1Xe dgke 4/01%1
Ztzte] Mol 7 %%E I AR geke %74]"5.
4L gl

(3) AT

HE AR LR o8 ¥erge] nAE dgAL
B3 A3 (Table 9) model 114 A5 3 Acko] hEA
AR 215 17% WS d9siin AR (B=0.41)9]
frolg da& ﬂladwi A 7o) TR dEA7}
Hol FEEI Y 52 A02 2AEY

Model 214 A%, 49, ALEARED, AR,
AAPge| BEAANY FUES 50%9) BBE EBAH

o= =0

Table 9. Hierachical regression analysis of factors on trochanter

o Az FAge] A W 0|9 33%E AAAS
A7F 712 dYsldn A FA4(=0.94)71 felet 4
Hong AFAFR 57 Z7HERE YEHAREY
U7t wE A2 FAERI.

Model 394 418 Fet, AR 3=(BMIL), A==,
AAH-g, HHNE FEG AHEEAHFE, oA 2HF, of
WA M, vud g3 72%9] WS AW
model 2614 283 Wk o]9)o] oA 2 FUg} AP
QURZ} A 22%¢) MEke AHEldnt AR 9
3 W oA 283 B=0.99)0]9]e 2 ] 4N
o] B&TE tH AT IR =4

Model 4041+ model 30lA4] A3 Ak o]Qfof o~
Eft & JEAF 3 2E0] qE AN FLE A=
WEE 12%01901, BARCZ Fo4 g Wpe osE
Zled AZAFI2E2UT. F AAEHHET AL
ATFTER F57} &FE UEAAE FDE0T U0

L=

(4) Ward's riangle

Ward's triangle?] 9= o] Hgo] M= 4
e BA% A7 (Table 10) model 1614 A3} Fgk
o] 36%2) WHke sl w A% (B=0.38)3} HH(B=0.
470l F9% JES vFHT F Ward's triangles] ZY
=E "431101 SNEFE FrhEon HE3e Ward's
triangle 9 =7t =R o &4t

Model 2014 A%, A, A=A =(BMI), A=k

Model 1 Maodel 2 Model 3 Model 4
Characteristics of Anthromometric Nutritional factors Hormonal status
age and group measurements
b B b B b B b B
Age -0.00 -0.08 - 0.01 -0.48 -0.01 -0.10 -0.01 -0.18
Group(Gymnasts=1) 0.08 0.41* 0.15 0.84* 0.04 0.24 0.01 0.04
Body mass index 0.03 0.94** 0.01 0.31 0.04 1.26
Lean body mass -0.00 -0.16 ~0.01 -0.53 -0.01 -0.52
% of body fat 0.00 0.08 0.00 0.14 0.00 0.30
Eating pattern ~0.00 —0.31% -0.00 -0.30
Calcium(animal source) 0.00 0.25 0.00 0.35
Energy expenditure 0.01 0.99** 0.01 0.99**
Energy intake 0.00 0.02 0.00 0.20
Protein inlake ~0.00 -0.12 -0.00 -0.15
Estradiol 0.00 031+
Follicle stimulating hormone 0.03 0.41%***
Intercept 0.65 0.31 0.86 0.89
R? 0.17%# (0.50%%* 0.72%** 0.84%+*
R* increase 0.33* 0.22% 0.12%
*n <0.05 **n<0.01 *kn <0.001



A2 Hgol Ward's triangle F2E9] 4% WFe 49 & AL
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BEREESTHR

SR, GHI o] AH3 HEE ol9o] AAFAE A DA M o] Ward's triangledl| wlF=

Aur, AARgo] UMz 8%E dusidtt. AW o

(B=0.42)& AR folste AAwee] Trled5E @

Ward's triangle®] ¥2 =71 $7F5ts o 3
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Table 10. Hierachical regression analysis of factors on Ward's triangle

I, model 24 AHE Wk o]Q)qf
A3 QA A

Mx 2 9%

32(1) @ 50~63, 1999/59

AR BRA 2HAAT, oﬂwq ]2,

72 47

e [=]

] 3%E F7t= 49stg L. A bs
o] Ward's triangled] A= 93-S SAF &7t ¢l

Model 1 Madel 2 Model 3 Model 4
Characteristics of Anthrormometric Nutritional factors Hormonal status
age and group measurements
b B b B b B b f
Age 0.03 0.38** 0.02 0.27 0.01 0.20 0.02 0.35
Group(Gymnasts=1) 0.12 0.47%** 0.12 0.49 0.12 0.47 0.16 0.66%*
Body mass index -0.00 -0.08 -0.01 -0.17 -0.05 -0.06
Lean body mass 0. 0.42* 0.01 0.52* 0.01 0.48
% of body fat -0.00 -0.14 -0.00 -0.19 ~0.01 -0.40
Eating pattern 0.00 0.14 0.00 0.14
Calcium(animal source) 0.00 0.10 0.00 0.21
Energy expenditure 0.00 0.06 0.00 0.61
Energy intake 0.00 0.36 0.00 0.78*
Protein intake -0.00 -0.35 -0.01 ~0.66%
Estradiol 0.00 0.13
Follicle stimulating hormone 0.00 0.54**
Intercept 0.40 0.27 0.11 0.52
R? 0.36%*+ 0.44%** 0.47%+ 0.63%*
R® increase 0.08* 0.03 0.16**
*n<0.05 *1<0.01 *rE <0.001
Table 11. Hierachical regression analysis of factors on right forearm
Model 1 Model 2 Model 3 Model 4
Characteristics of Anthromometric Nutritional factors Hormonal status
age and group measurements
b p b B b i b p
Age 0.02 0.71%*= 0.02 0.64%** 0.02 0.59+++ 0.02 0.59%+=*
Group(Gyrnnasts=1) -0.00 -0.01 -0.02 -0.14 -0.02 -0.15 -0.01 -0.11
Body mass index 0.00 -0.08 0.00 0.02 0.00 0.19
Lean body mass 0.01 0.43* 0.01 0.56* 0.00 0.54
% of body fat -0.00 -0.35 -0.00 -0.30 -0.00 -0.17
Eating pattern 0.00 0.00 0.00 0.01
Calcium(animal source) 0.00 0.14 0.00 0.25
Energy expenditure -0.00 -0.22 -0.00 -0.13
Energy intake 0.00 0.20 0.00 0.43
Protein intake -0.00 -0.28 -0.00 -0.43
Estradiol 0.00 0.03
Follicle stimulating hormone 0.00 0.03
Intercept 0.32 0.27 0.26 0.25
R? 0.50%** 0.58%** 0.61*++ 0.65%+
R? increase 0.08* 0.03 0.04*

*<0.05 *p<0.01 ***p<0.001

B OR S
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Model 49143 model 3014 A3 Wk o]2lo] o2
EvSd EATFE2E0] Ward's triangle SU =)
WA E GgH L 16%0]1, dEATEZE(P=0.54)0] &
AR ot Ao ZASIAT § AXATIZR 5
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I
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-
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HEFZED FF2 2 =¢on g o]f o[RS A4
FAr}, 1} XA EATEY UEY 399 s
7t BAEL DA s w8 ASEY ¢ oheng o

W A B 479 M (B TE d7ERN) £ 573

#dste Tl FRLFEY ARMAFES] FTHE v
_9_%}1\:1_}’:‘?_'[:} 1;‘}1—_:' 3)39)41)\.. 74 9—]—243‘] ']Z]_S}-Z]h Eﬂﬁl'

A= 715 TERES il F9 A ARHE £

(specific loading)7} 7}% & 9%g wxe ETA
ARAZATEY FEEE F/MIE ALE BAGH
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