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Abstract: To investigate the associations between sex hormone levels and calcaneal quantitative ultrasound
(QUS) measurements in Chinese female adolescents, a total of 721 female students were recruited as volun—
teers from a secondary school in Jiangmen, China. The basic information was collected using a questionnaire
and the physical examinations were conducted at the same time. Total testosterone (TT), total oestradiol (E2)
and sex hormone-binding globulin (SHBG) were measured by chemiluminescence immunoassay, and the bioa—
vailable testosterone (BioT) and E2 (BioE2) were calculated. Bone parameters were measured using quantita—

tive ultrasound. Linear regression model was used to analyze the associations of bone parameters with sex
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hormone levels. Furthermore, the difference between the associations of sex hormones and bone parameters

before and after menarche was detected. After adjusting the confounding factors, results showed that TT and

BioT were positively associated with bone parameters in female adolescents (s8=0.078~0.100, P<0.05). In fe—

male adolescents, T was significantly related to bone parameters before menarche (s8=0.206~0.282, P<0.05)
but not post—menarche (P>0.05). SHBG was found to be inversely associated with speed of sound (SOS) (sB8=

-0.079, P<0.05). The results supported that T was a positive predictor for bone parameters before menarche

but not post—-menarche, and SHBG could have influence on bone architecture in female adolescents.

Key words: osteoporosis; bone mineral density; sex hormone; testosterone; sex hormone —binding globulin;

adolescents
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45— 7 PN B e AR, IF SR E 15 5 (body
mass index, BMI), BMI={& T (kg)/ & & (m) A9F J5 -
S I S BOR B E] 0.1 em, MARTE A9 525K
K] 0.1 kg FrATEARIIEPIU, BOFIME.
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HER) FORER SRR A A AR bR ek REAS I, 2
721 BIEREREAR N AARKIEGE . BT X G A
TEOLANER 1 FR, SFI4EEY 14.98+1.46 %, BMI
h 19.18+2.89 kg/m?, 1771 sl Hp A3 B0 (VU 435z 7]
)M 16.73 (12.13, 24.74) MET-h/d. tEAbEHR )5
[fi, T 5 BioT (°F-¥7KF-43 51124 0.49+0.29 ng/mL
55 0.20+0.16 ng/mL, E2 5 BioE2 HFA4 7K 43
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A2 KA 44.76+19.45 nmol/L. B S %07 1,
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MHz.1 562.84+25.71 m/s 5 65.15+17.70,
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Table 1 Basic characteristics of studied subjects

(n=721)
. Value

Variable wes/M (Pa-Pr)
Age (years) 14.98+1.46
Height (m) 1.58+0.06
Weight (kg) 47.75+8.48
BMI (kg/m? 19.18+2.89
Physical activity (MET - h/d) 16.73 (12.13, 24.74)
T (ng/mL) 0.49+0.29
BioT (ng/mL) 0.20+0.16
E2 (pg/mL) 70.15+41.55
BioE2 (pg/mL) 48.26+31.68
SHBG (nmol/L) 44.76+19.45
BUA (dB/MHz) 70.98+18.08
SOS (m/s) 1 562.84+25.71
SI 65.15+17.70

TE: BB R T A AR E (vs) R P AL (w9 45 19 FB)
BP M (Pys~Pi5); BMI, 4R & 35 4k; BUA, k1@ #2 & 528 & 44
SOS, 4 i JE; SI, Al JE 454 T, ¥ 8A; E2, ¥ =% ; SHBG,
Mg A B, MET, R %,

Notes: Data are presented as mean =+ standard deviation (xs)
or median and interquartile range; BMI, body mass index;
BUA, broadband ultrasound attenuation; SOS, speed of sound;
SI, stiffness index; T, testosterone; E2, oestradiol; SHBG, sex

hormone-binding globulin; MET, metabolic equivalent.

22 MHERKESESHAXBES T

SR PR [l TR S M R K- S
SR R, BT 2 vl R (VR 4k IR 2R AL 4 4R
1% B R R SR TGS, 25 R
2, BRL 1 v, Bl SRR (total testosterone, TT)7K
P3G S, BUA I ST 238 hin#ass, s8 735 °40.101
10,098 (P<0.01); Fifi#5 BioT 7KV 75, BUA.SOS.
SI S RIGEaH, sB 735124 0.123.0.084 1 0.118
(P<0.05); SHBG 5 BUA .SOS.SI ¥ & iM%, s8
43 -0.111,-0.077 F1-0.107 (P<0.05). #5712
th, BE TT KF 093G 5, BUA Fi ST s 35 5 5
#aF, sB 4351 0.078 1 0.083 (P<0.05); BioT 7KF
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5 BUA .SOS.SI B2 IEAHE, s8 40514 0.092,
0.091 F1 0.100 (P<0.05); i SHBG H. 55 SOS £ ffitH
X:(sB=-0.079, P<0.03).
2.3 WIEMEIEYEEA TS BSHAXE
DU Z 140 12, B0t Lotk
HAEMEEER AT 5B S E0 k.
EFXSPRERTEY 113 4w AR TR K
V-5 B S RO BE B A [mH 43 B 25 R LR 3.
BERL 1 vh, B TT KFB93E &, BUA SOS.SI 4
B, 8 43514 0.300,0.218 F1 0.296 (P<0.05);

BUA .SOS.SI ¥ 1E CHK, sB 43714 0.250.0.206
11 0.255 (P<0.05); BioT /K F-[RIFE S 3 WitE ks M IE
HE, sB KU M 0.271.,0.238 Fi1 0.282 (P<0.05); i
SHBG 5 BUA.SOS.SI i C B LG T 2% 5 &
(P>0.05).,

FEXTRIIG B Lo 7 A R SR A3 B 45 AL L
4, HA5 SHBG 7EEAY 1 5 BUA F1 SI 21
HH2E, s8 43 H11°0-0.091 F1-0.087 (P<0.05), HoAi 4
K- BUA (SOS . SI [ CBI TEGE T2 7
(P>0.05).,

BioT 7K 7R BUA .SOS.SI 5 TEAHK, sB 43
k1 0.322.0.245 1 0.321 (P<0.05); Tfi SHBG H 55 SI
ARG (sB=-0.203, P<0.05), #i% 2 i, TT /KF 5

3 iFig
AT T T ot D AP & T R K
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Table 2 Association results between sex hormones and bone parameters

(n=721)
BUA (dB/MHz) SOS (m/s) ST
Model 1 Model 2 Model 1 Model 2 Model 1 Model 2
sB P sB P sB P sB P sB P sB P
Total T 0.101" 0.007 0.078° 0.033 0.072  0.054 0.074  0.051 0.098"  0.008 0.083" 0.025
BioT 0.123" 0.001 0.092° 0.013 0.084° 0.024 0.091° 0.017 0.118"  0.002 0.100° 0.008
Total E2  —0.009 0.818 -0.055 0.136 -0.010 0.793 -0.028 0455 -0.010 0.792 -0.049 0.191
Biok2 0.013 0.730 -0.041  0.262 0.007 0856 -0.012 0.761 0.012 0.757 -0.033 0.381
SHBG -0.111 0.003" -0.056 0.156 -0.077" 0.039 -0.079° 0.040 -0.107" 0.004 -0.070 0.064

E: RBEOAT RN S AR, R 2 A RA R QEFR G H KT G IAR S EF; BUA, ka5 %
B FH SOS, A E ik JE; SI, AR ¥4k T, £8R; B2, M= 8%, SHBG, M 453K E G, s8: A m= )3 2 4 *, P<0.05;
*k P<0.01, & 3 Aok 4 2BFHE,

Notes: The associations between sex hormones and bone parameters were detected using linear regression analysis. Model 2 was
adjusted for age, height, weight, menarcheal status and physical activity. BUA, broadband ultrasound attenuation; SOS, speed of
sound; SI, stiffness index; T, testosterone; E2, oestradiol; SHBG, sex hormone binding—globulin; s8, standardized regression co—
efficient; *, P<0.05; **, P<0.01. These are the same in the following Tables 3 and 4.

R3 MBEARTRERZKESESHNKBESTER
Table 3 Association results between sex hormones and bone parameters in subjects before menarche
(n=113)

BUA (dB/MHz) SOS (m/s) ST

Model 1 Model 2 Model 1 Model 2 Model 1 Model 2

sB P sB P sB P sB P sB P sB P
Total T 0.300" 0.002 0.250™ 0.007 0.218" 0.028 0.206° 0.044 0.296" 0.003 0.255™ 0.007
BioT 0.322" 0.001 0.271™ 0.003 0.245" 0.014 0.238" 0.020 0.321" 0.001 0.282" 0.003
Total E2 0.120 0.232 0.042 0.659 0.107 0.289 0.069 0.504 0.125 0.213 0.055 0.569
Biok2 0.176  0.079 0.095 0.317 0.169 0.092 0.139 0.181 0.188  0.060 0.119 0.223
SHBG -0.193 0.053 -0.167 0.075 -0.176  0.079 -0.185 0.071 -0.203° 0.042 -0.187 0.051

*4 MHERARMNREHRKEEBSHENXBELSNER

Table 4 Association results between sex hormones and bone parameters in subjects after menarche

(n=608)
BUA (dB/MHz) SOS (m/s) ST
Model 1 Model 2 Model 1 Model 2 Model 1 Model 2
sB P sB P sB P sB P sB P sB P
Total T 0.040  0.320 0.004 0924 0.035 0.383 0.042  0.295 0.041 0.303 0.015 0.717
BioT 0.064  0.112 0.013  0.751 0.029 0474 0.041 0.325 0.060 0.134 0.026  0.534
Total E2  -0.009 0.818 -0.047 0200 -0.010 0.793 -0.030 0426 -0.010 0.792 -0.045 0.235
BioE2 0.013 0.730 -0.034 0.363 0.007 0.856 -0.014 0.717 0.012 0.757 -0.029 0.448
SHBG -0.091" 0.024 -0.049 0.234 -0.063 0.118 -0.070 0.092 -0.087" 0.031 -0.062 0.135
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