PAI HQC HUE
TRUONG PAI HQC Y DUQC

CAO THANH NGQC

NGHIEN CUU NONG PQ HORMON SINH DUC
VA MOT SO DAU AN SINH HQC CHU CHUYEN XUONG
O BENH NHAN NAM LOANG XUONG

Chuyén nganh: Noi Tiét

M3 sb: 62720145

TOM TAT LUAN AN TIEN SI Y HQC

HUE - 2018




Cong trinh dwgc hoan thanh tai Truong Pai hoc Y Duoc Hué

Nguoi hwéng din khoa hoc:  GS.TS. VO TAM
TS.BS. LE VAN CHI

Phan bién 1: PGS. TS. Pinh Thi Kim Dung
Phan bi¢n 2: PGS. TS. P Trung Quan

Phin bién 3: PGS. TS. Nguyén Thi Bich Pao

Luan &n s& duoc bao vé tai Hoi dong danh gia luan an cap
Dai hoc Hué hop tai 03 Lé Loi, TP Hué vao ldc 08 gio 00 ngay.....

C6 thé tim hiéu luan &n tai:
- Thu vién Truong Pai hoc Y Duoc Hué

- Thu vién Quoc gia



1

PAT VAN PE

1. Tinh cAp thiét ciia dé tai

Lodng xwong 1a mot trong 10 bénh c¢6 nhiéu tac dong nhét 1én
ngudi cao tudi. Lodng xwong thuong gip & nit gidi va duge xem 1a
bénh cua nit gidi nhung cic nghién ciru gan day cho thiy rang lodng
xuong nam gidi ciing chiém ti 1¢ dang ké. Mic du ti 1¢ loang xuwong va
gdy xuong & nam gidi thip hon & nir gidi nhung khi c¢6 bién chirng gay
xuong, ti 16 mic cac bénh tht phat va ti 16 tir vong ciia nam gidi cao
hon 15 rét so voi nit giéi. Piéu nay cho thdy lodng xwong nam gidi la
van dé can duoc quan tam.

Nhiéu yéu t6 lién quan dén van d& loang xwong, trong d6 hormon
sinh duc va ddu 4n sinh hoc chu chuyén xwong da duoc nghién ciru
nhiéu trén thé gidi nhung ¢ Viét Nam chua duogc dé cap nhiéu, dic biét
& dbi twong nam giéi. Do d6, ching tdi tién hanh dé tai nghién ctru
“Nghién citu nong dé hormon sinh duc va mot sé diu an sinh hoc
chu chuyén xwong ¢ bénh nhin nam lodng xwong”.

2. Muc tiéu nghién ciru

Muc tiéu 1: Panh gia ndng d6 hormon sinh duc, osteocalcin, B-CTX &
nam gi6i lodng xwong, khong lodng xwong va twong quan giira ndng
dd hormon sinh duyc, osteocalcin, B-CTX voi mat do xuong.

Muc tiéu 2: Panh gia cac yéu t6 lién quan lodng xuong nam gidi va
xay dung mo hinh tién doan lodng xuong ¢ nam gioi.

Muc tiéu 3: Panh gia d¢ nhay, d6 dic hiéu, diém cét cua testosterone,
estradiol, SHBG, osteocalcin, p-CTX trong chan doan lodng xwong &
nam gioi.

3.Y nghia khoa hoc va y nghia thue tién ciia luin an

Y nghia khoa hoc: O d6i twong nam gi6i, nghién ctru v& hormon sinh

duc va dau an chu chuyén xuong trong loang xuong la van dé dang
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dugc quan tim. Nghién ctru ndy nhim xac dinh mdi lién quan giita
hormon sinh duc, d4u 4n chu chuyén xuong véi mat d6 xwong dong
thoi danh gia gia tri cia hormon sinh duyc ciing nhu ddu 4n chu chuyén
xuong trong chan doan lodng xwong va xdy dung mo hinh tién doan
loang xuong ¢ nam gioi.
Y nghia thye tién: Két qua nghién ctru nay s& gitp cac thay thudc 1am
sang quan tam hon dén viéc phat hién lodng xuong & nam gidi va biét
1d cac yéu té lién quan dén lodng xuong nam giGi tir d6 xac dinh ddi
tugng c6 nguy co dé tim soat som lodng xwong nham chin doan sém,
diéu tri sém dé du phong bién chimg. Bén canh d6, nghién ctru con
dua ra phuong trinh dé tién doan xac suat mic lodng xwong ciia nam
gidi chi bang xét nghiém mau, diéu nay c6 thé ap dung dé tam soat
loang xuong cho nhiing noi chua trang bi dugc may do mat do xuong.
4. Péng gop ciia dé tai

Pay la luan 4n dau tién tai Viét Nam nghién ctru dong thoi nong
d0 hormon sinh duc va mot s6 diu 4n sinh hoc chu Chuyén xuong &
bénh nhan nam lodng xwong. Két qua nghién ciru cho thiy & nam gidi
> 50 tudi, suy giam testosterone va gia ting p-CTX 1a yéu t6 lién quan
loding xuong va co thé tién doan xac sudt méc loing xwong dua trén
hai xét nghiém nay.
CAU TRUC CUA LUAN AN

Luén an c6 127 trang voi 4 chuong, 50 bang, 10 hinh, 2 so dd, 19
biéu dd, tai liéu tham khao: 112 (tiéng Viét: 4, tiéng Anh: 108). Dat
van dé va muc tiéu nghién ciru: 4 trang. Toéng quan: 35 trang. Ddi
tugng va phuong phap nghién ctu: 20 trang. Két qua nghién ctru: 35

trang. Ban luan: 30 trang. Két luan: 2 trang. Kién nghi: 1 trang,
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Chuwong 1: TONG QUAN TAI LIEU

1.1 Chu chuyén xwong

Chu chuyén xuong bao gom hai qua trinh tac dong qua lai 1an
nhau 1a qua trinh tao xwong va qué trinh hily xuong. Trong diéu kién
binh thuong, qua trinh hily xwong va tao xuwong hoat dong tuong
duong nhau. Sy cin bang nay bi pha v& trong mot sd giai doan, khi
huy xuwong nhiéu hon tao xuong s& din dén gia ting mat xuong.
1.2 Loang xwong nam gidéi
1.2.1 Pinh nghia

Lodng xuong (LX) 12 mot bénh véi dic diém khdi lwong xuong
suy giam, vi cdu triic ctia xuwong bi hu hong, dan dén tinh trang xuong
bi yéu va hé qua 1a ting nguy co giy xuong.
1.2.3 Yéu té nguy co

Nhiéu nghién ciru di chitng minh nhitng yéu t6 sau c6 lién quan
dén LX & nam giéi nhu: tudi téc, trong luong thap, hat thudc 14,
nghién ruou, giam hormon sinh dyc... O nam giéi, méat xuong cé thé
do mét yéu té duy nhat nhung ciing c6 thé do két hop cua nhiéu yéu t6
nguy co.
1.2.4 Chan do4n

Chén doan LX theo tiéu chuan chan doan lodng xuong cia WHO
khi mat d6 xwong (MPX) tai c6 xuwong dui (CXP) hoic toan bd xwong
dui (TBXD) hodc cot séng thit lung (CSTL) < -2,5.
1.3 Anh hwéng ciia hormon sinh duc trén chu chuyén xwong &
nam gidi
1.3.1 Sinh ly hormon sinh duc

O nam gidi, 50% dén 60% testosterone va estradiol luu hanh duoc
van chuyén bang SHBG, 40% dén 50% bang albumin va mot sb
protein khac, 1 - 3% & dang khong két hop luu hanh trong méau goi 1a
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hormon tu do. Phan hormon tyr do va phan hormon khong két hop véi
SHBG duoc goi 1a hormon sinh kha dung. Mt s6 nghién ciru cho thiy
¢6 su giam hormon sinh duc theo tu6i & nam gidi nhung mot sé nghién
ctru khac thi khong thdy tuong quan nay.
1.3.2 Co ché tac dong ciia hormon sinh duc Ién chu chuyén xwong
Androgen kich thich sy gia ting cac té bao tién than cua té bao tao
xuong va ting biét hoa thanh té bao tao xwong, giam sy chét theo
chuong trinh cia t& bao tao xuong va t& bao xuong. Ngoai ra,
androgen con trc ché biét hoa té bao hily xwong, kich thich tiét hormon
tang trudng, ting nhay cam cia cac té bao xuong véi IGF-1, kich thich
tao chat nén xwong. Trong khi d6, anh hudng cua estrogen 1én té bao
huy xuwong chu yéu qua trung gian té bao tao xuong
1.3.3 Vai trd ciia hormon sinh duc trén xwong & nam gi6i cao tudi
C6 nhiéu nghién ctru vé méi lién quan gitta cac chi sé ctia hormon
sinh duc va cac chi s6 vé stic khoe xuong nhung két qua cac nghién
ctru con nhiéu mau thudn, mot sé nghién ciru cho thiy c6 lién quan va
mot s6 nghién ciru thi khong tim thiy méi lién quan nay.
1.4 Nhirng thdng s6 sinh héa phan anh chu chuyén xwong ¢ nam
gioi
1.4.1 Céc déu 4n chu chuyén xwong
Qud trinh tao va huy xuong phong thich ra mot sb enzyme,
protein, san phim cua su tao thanh hay phan huy chéat nén xuong goi
chung 13 d4u 4n chu chuyén xuong.
1.4.2 Dau 4n tao xwong
Céc ddu 4n tao xwong 1 nhirng protein dugc tao thanh bai té bao
tao xwong, nong do trong huyét thanh cua ching phan anh hoat dong
tao xuwong. Cac du 4n tao xuwong bao gdbm: Osteocalcin, Phosphatase

kiém dic hiéu cho xuong, Propeptide N va C ctia procollagen tip 1.



1.4.3 DAu an hiiy xwong

Céc dau 4n hity xuwong phan anh sy thoai hda cua chat nén xuong,
c6 thé dugc do trong huyét thanh va nudce tiéu. Hau hét trong do 1a san
pham cua qua trinh di hoa collagen tip 1. C6 nhiéu dau an huy xuong
nhu céc diu 4n huy xwong lién quan collagen (CTX hoic NTX,
hydroxydrolin, ydroxyprolin-glycosides, pyridinoline,
deoxypyridinoline), cac déu an hity xwong 1a protein khong lién quan
collagen (bone sialoprotien, manh v& osteocalcin), enzym cua té nao
hay xwong (tartrate khang acid phosphatase, cathepsins).
1.4.4 Vai tro caa dau 4n chu chuyén xwong trong loing xwong &
nam gioi

Céc dau 4n chu chuyén xwong c6 thé danh gia qua trinh tao xuong
va huy xuong thong qua d6 danh gia chuyén héa ciia bd xuong trong
chan doan va diéu tri. Trong thyc hanh 1am sang, dau an chu chuyén
xuong ding dé tién lugng nguy co giy xwong va c¢6 thé duoc dung dé

theo ddi diéu tri chong lodng xwong dé danh gia hiéu qua diéu tri.

Chuong 2
POI TUQONG VA PHUONG PHAP NGHIEN CUU

2.1. Poi twgng nghién ciru

Nghién ciru dugc tién hanh ¢ nam gi6i > 50 tudi tai khoa Noi co
xuong khép, khoa Chan thwong Chinh hinh, phong kham Noi tong
quat Bénh vién Chg Ray va phong khdm Lio khoa Bénh vién Dai hoc
Y Dugc TPHCM tir thang 1/2013 dén thang 1/2017.

Chung t6i thuc hién khao sat 214 ddi twong gdm 110 dbi tuong

thuéc nhom lodng xwong va 104 ddi tugng khong lodng xwong



2.1.2. Tiéu chuin nhén vao

- Nhom loang xuong khi tri s6 T-score tai vi tri co xuong dui hoac
toan bd xuwong dui hoac cot séng thét lung <-2,5

- Nhom khong lodng xwong véi tri s6 T-score & ca 3 vi tri nay (c6
xuong dui, toan b xuong dui, cot song that lung) > -2,5

2.1.3. Tiéu chuin loai trir

- DPbi tugng khong dong y tham gia nghién ciu.

- Cac dbi twong dang st dung cac thudc chira hormon sinh duc, cac
thudc chira glucocorticoid, thudc chong lodng xuong, canxi, vitamin
D, tién chét cua vitamin D hodc chét chuyén hoa cua vitamin D va
cac ddi tuong nghi ngd lodng xuong thir phat qua thim kham 1am
sang, hoi bénh str, tién can.

- DPbi tugng nghién ciru bat dong lau ngay.

- Péi twong c6 chdng chi dinh do mat do xuong.

- Péi tuong khong do duge mat do xuwong ving CXD hodc CSTL

2.2. Phuong phap nghién ctru

2.2.1. Thiét ké nghién ciru

Nghién ciru ¢t ngang phén tich c6 so sanh nhom chting.

2.2.2. Cé miu

Cong thuc tinh ¢& mau:

N (Zf—at’?"'Zﬁ’? (G'f2+ 0'22)

(s - H2)*

Dua trén nghién ciru cua tac gia Lormeau thi c& mau téi thiéu la
102 dbi tugng cho mdi nhom.
2.2.3 Cac buére tién hanh nghién ciru va bién s6 nghién ciru
- Chon dbi tugng nghién ciru
- Hoi tién cin, thim kham 14m sang: tudi that, nghé nghiép, hat thubc
14, udng bia ruou, hoat dong thé luc, té nga ban than trong vong 12

thang, tién sir gdy xuong ban than trong vong 5 nam, cac loai thudc
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dang sir dung, tién sir gy xwong trudc 45 tudi ctia ngudi than tryc
hé.

Do chiéu cao, can nang, tinh BMI

Po mat do xuong Vi tri cot séng that lung, c6 xwong dui, toan bod
xuong dui

Thu thap két qua xét nghiém: canxi, albumin, creatinin, phospho,
vitamin D

Lidy méau xét nghiém nong do6 hormon sinh duc (testosterone,
estradiol, SHBG), d4u 4n chu chuyén xuong (B-CTX, osteocalcin)
Tinh toan céc bién sb: nong do testosterone tu do, nong do
testosterone sinh kha dung, chi sé androgen tu do, nong d6 estradiol
tu do, ndng do estradiol sinh kha dung, chi sé estrogen tu do theo
cdng thuc cua cua Sodergard.

Phan tich céc bién sé bang phan mém Stata 13.0

Chwong 3: KET QUA NGHIEN CUU

3.1. Pic diém dan s6 nghién ciru

Bang 3.1 Pac di€m nhan khau hoc ctia cac doi tugng nghién ctu

Dic diém Nhém khong Nhom LX 0
: LX (n = 104) (n = 110)
Tudi (ndm) | TB+PLC 67,84+ 1151 | 68,24 +12,16 | >0,05*
Nghé nghiép nong dan 57 (54,8) 61 (55,5) >0,05P
Chiéu cao (m) | 1,63+0,57 1,63+0,65 | >0,05*
Thé trang Can nang (kg) 58,77 +9,82 | 57,63 +10,68 | >0,05*
BMI (kg/m?) | 22,07+351 | 21,64+3,38 | >0,05%




8

Bang 3.2 Dic diém cac yéu td nguy co lodng xwong

Dic didm Nhom khéng | Nhém LX Gia

: LX (n=104) | (n=110) | trip
Hut thuc 14 73(70,2) 73 (66,4) | >0,05
Ubng bia ruou 29 (27,9) 33(30,0) | >0,05"
Hoat dong thé luc 56 (53,9) 37(33,6) | <0,05°
Té ngd trong vong 12 thang 4 (3,9 6 (5,5) >0,05P
Gay xuong trong vong 5 ndm 1(1,0) 7 (6,4) >0,05°

Nhin chung, nhom loédng xuong va khong lodng xuwong khong
khac biét vé cac yéu té nhu tudi, BMI, hut thude 13, udng bia rugu,
chtrc nang than, vitamin D..

3.2 Panh gia nong dd hormon sinh duc, osteocalcin, f-CTX ¢ nam

gi¢i loing xwong, khong loing xwong va twong quan giira ndng do

hormon sinh duc, osteocalcin, -CTX véi mat d xwong

3.2.1 Panh gia nong d9 hormon sinh duc, osteocalcin, p-CTX &

nam gi6i loang xwong va khong loang xwong

Bang 3.5 Pic diém ndng d6 hormon sinh duc & nhém LX va khdng LX

Nhom khéng LX

Nhom LX

Pic diém (n = 104) (n = 110) Giatrip
Testosterone TP 469,52 + 150,69 256,29 + 124,64 <0,001*
Testosterone TD 0,32 +0,09 0,20+ 0,09 <0,001*
Testosterone SKD 8,48 £ 2,47 4,89 +231 <0,001*
FAI 38,41 + 15,33 26,65 + 13,90 <0,001*
Estradiol TP 29,75+ 12,05 22,17 +10,20 <0,001*
Estradiol TD 2,62 +£1,03 2,24 £1,08 <0,05*
Estradiol SKD 70,17 + 27,03 55,91 + 25,97 <0,001*
FEI 0,27 £ 0,15 0,27 £0,20 >0,05
SHBG 43,47 [30,00-62,78] | 36,12 [23,70-47,69] | <0,001**

*Phan phoi chuan, phép kiém t hai nhom

**Phan phéi‘ khong chuan, phép kiém phi tham s6 Wilcoxon
TP: toan phan, TD: ty do, SKD: sinh kha dung, FAIL: chi s6 androgen
tu do, FEI: chi so estrogen tu do
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Nhdn xét: Nong do testosterone TP, testosterone TD, testosterone
SKD, FAI va nong do estradiol TP, estradiol TD, estradiol SKD,
SHBG ¢ nhém LX thip hon so véi & nhém khong LX. FEI ¢ 2 nhém
khong khac biét.

Bang 3.6 Nong do osteocalcin, B-CTX & nhém LX va khong LX

oz Nhém khéng LX Nhém LX
Dac diém p
(n=104) (n=110)
Osteocalcin (ng/ml) 13,21 + 5,69 16,28 + 8,96 <0,01*
253,05 509,20
B-CTX (pg/ml) <0,001**
[206,45-301,90] [382,90-688,10]

*Phan phdi ghuén, phép ki§m t hai nhom ’

**Phan phoi khong chuan, phép ki€ém phi tham s6 Wilcoxon

Nhdn xét: Nong do osteocalcin va B-CTX ¢ nhém LX cao hon & nhoém
khong LX

3.2.2 Twong quan giira ndng dd hormon sinh duc va mat d$ xwong

Bang 3.7 Hé sb twong quan gitra ndng d6 hormon sinh duc va MPX

MbDX CXP MDX TBXD MDX CS
Hormon sinh duc

r p r p r p
SHBG -0,00 NS -0,03 NS -0,04 NS
Testosterone TP 0,35 | <0,001 | 0,31 | <0,001 | 0,31 | <0,001

Testosterone TD 0,38 <0,001 0,34 <0,001 0,33 <0,001

Testosterone SKD 0,43 | <0,001 | 0,41 | <0,001 | 0,39 | <0,001

FAI 0,35 | <0,001 | 0,34 | <0,001 | 0,35 | <0,001
Estradiol TP 0,20 <0,01 0,18 <0,01 0,24 | <0,001
Estradiol TD 0,14 <0,05 0,13 NS 0,19 <0,05
Estradiol SKD 0,24 | <0,001 | 0,24 | <0,001 | 0,29 | <0,001
FEI 0,11 NS 0,13 NS 0,19 <0,01

Nhdn xét: Tuong quan thuén giita cac chi s6 lién quan testosterone véi
MDBX manh hon twong quan giita cac chi sd lién quan estrogen véi
MbX. SHBG, FElI, estradiol TD khong twong quan véi MBX.
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3.2.3 Twong quan giira ndng dd osteocalcin, f-CTX va MPX
Bang 3.10 Twong quan giira ndng do osteocalcin, p-CTX va MPX

MDbX CXD MbDX TBXD MDbX CSTL
Dé4u 4n chu

r p r p r p
Osteocalcin -0,20 | <0,01 -0,10 NS -0,14 <0,05
B-CTX -0,74 | <0,001 -0,70 <0,001 | -0,62 | <0,001

Nhdn xét: Co tuong quan nghich giita ndng do p-CTX, osteocalcin va
MDBX (trir osteocalcin khong tuong quan voi MPX TBXD). Tuong
quan giita ndng d6 B-CTX va MPX manh hon so véi twong quan giira

osteocalcin voi MDX.

3.2.4 Twong quan giita cac yéu td v6i mat do xwong trong phén

tich da bién

Bang 3.13 Phan tich hoi qui tuyén tinh da bién twong quan giira cic

yeu to v&i mat do xuong

Céc yéu t6 MPX CXDP MBDX TBXD MBX CSTL
B R? B R?2 B R2
Testosterone TP | 0,00014 | 0,06 | 0,00014 | 0,03 | 0,00013 | 0,02
BMI 0,00452 | 0,02 | 0,00711 | 0,05 | 0,00772 | 0,04
B-CTX -0,00049 | 0,50 | -0,00051 | 0,43 |-0,00046 | 0,30
FAI - - - - | 0,00146 | 0,02
Hiing sb 0,67 0,76 0,77
R? 0,58 0,54 0,44

Nhdn xét: Phuong trinh tuyén tinh:

- MDX tai CXb = 0,67 + 0,00014*Testosterone + 0,00452*BMI -
0,00049*B-CTX
- MbX TBXD = 0,76 + 0,00014*Testosterone + 0,00711*BMI -
0,00051*B-CTX
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- MbX tai CSTL = 0,77 + 0,00013*Testosterone + 0,00772*BMI -
0,00046*B-CTX + 0,00146*FAl
Yéu t6 lién quan giam MDX tai CXD, TBXD bao gdm giam nong
do testosterone toan phan, giam BMI va ting p-CTX (riéng MPX tai
CSTL c6 thém FAI). Trong cac yéu t6 niy, yéu td anh huéng manh
nhat 1a B-CTX.

3.3 Panh gia cic yéu té lién quan loing xwong nam giéi va xay
dung mo hinh tién doan loang xwong ¢ nam gioi

3.3.1 Twong quan giita hormon sinh duc, diu 4n chu chuyén
xwong, mit do xwong va tudi, BMI

Bang 3.19 Hé s twong quan giita hormon sinh duc, osteocalcin,
B-CTX, mat d6 xuong va tudi, BMI

Cac yéu t6 Tuoi BMI
r p r p

MbX CXb -0,13 NS 0,18 <0,01
MbX TBXD -0,14 <0,05 0,23 <0,001
MBX CSTL -0,01 NS 0,22 <0,001
SHBG 0,20 <0,01 -0,17 <0,05
Osteocalcin 0,15 <0,05 0,03 NS
B-CTX 0,08 NS -0,13 NS
Estradiol TP 0,03 NS -0,05 NS
Testosterone TP -0,00 NS -0,07 NS

Nhdgn xét: Khong co6 tuong quan gitta B-CTX, estradiol TP,
testosterone TP véi tudi, BMI. MPX tai cac vi tri tuong quan thudn
khong dang ké véi BMI.
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3.3.3 Twong quan quan giita hormon sinh duc (testosterone,
estradiol, SHBG) va osteocalcin, B-CTX

Bang 3.21 Hé s6 twong quan giita hormon sinh duc va osteocalcin, B-CTX

Hormon sinh duc Osteocalcin B-CTX

r p r p
SHBG 0,19 | <0,01 | 0,03 NS
Testosterone TP 0,13 NS -0,29 | <0,001
Testosterone TD 0,06 NS -0,30 <0,001
Testosterone SKD 0,05 NS -0,36 | <0,001
FAI -0,05 NS -0,30 | <0,001
Estradiol TP 0,10 NS -0,18 <0,01
Estradiol TD 0,03 NS -0,13 NS
Estradiol SKD 0,03 NS -0,23 | <0,001
FEI -0,10 NS -0,15 <0,05

Nhan xét: Co tuong quan nghich gitta f-CTX va hormon sinh duc
nhung osteocalcin khong tuong quan.

3.3.4 Cac yéu t6 lién quan loing xwong nam giéi va xdy dung md
hinh tién doan loang xwong ¢ nam gid¢i

Bang 3.23 Phan tich hdi quy logistic don bién xac dinh lién quan giita
hormon sinh duc, osteocalcin, B-CTX va tinh trang LX

. Loang xwong

Hormon sinh dye 50 KTC 95% Gia trip
SHBG 0,64 0,48 - 0,86 <0,05
Testosterone TP 0,14 0,08 - 0,24 <0,001
Testosterone TD 0,18 0,11 -0,29 <0,001
Testosterone SKD | 0,15 0,09 - 0,25 <0,001
FAI 0,40 0,28 - 0,57 <0,001
Estradiol TP 0,48 0,35-0,66 <0,001
Estradiol TD 0,69 0,52-0,91 <0,05
Estradiol SKD 0,57 0,43 -0,77 <0,001
FEI 1,06 0,81-1,38 NS
Osteocalcin 1,06 1,02 -1,10 <0,01
B-CTX 1,03 1,02-1,03 <0,001
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Nhdn xét: Tang hormon sinh duc (trir FEI) lam giam nguy co loang
xuong va tang osteocalcin, B-CTX lam tang nguy co loang xuong.
Bang 3.25 Phan tich hdi quy logistic da bién méi lién quan giita lodng

xuong voi cac yeu to

Y Loang xwong
Cac yéu to OR KTC 95% Gia tri p
Testosterone TP 0,98 0,97 0,99 <0,001
B-CTX 1,05 1,03 1,07 <0,001

Nhidn xét: Lodng xuwong c6 mbi lién quan véi giam ndng do
testosterone va tang nong do p-CTX.
Bang 3.26 Hé sb hdi qui trong phan tich da bién twong quan giita

lodng xuong véi cac yéu to

Lodng xwong

Cac yeu to Hésbhoiquy (B) | KTC95% | Giatrip

B-CTX 0,05 0,03 0,07 <0,001
Testosterone TP -0,02 -0,03 -0,01 <0,001
Hang s0 -8,79

Nhdn xét: Phuong trinh hdi qui logistic: Log(odds(P)) = -8,79 +
0,05*B-CTX -0,02*Testosterone
3.4 P) nhay, d9 dic hiéu, diém cit ciia cac chi sé trong chin doan

loAng xwong

1.00-

—

T
0.00 025 0.50 0.75 1.00
1 - B§ diic higu

Dign tich dugi duamg cong ROC = 0.9465 [KTC 95%: 0.9195 - 0.9734)

Biéu d6 3.15 Puong cong ROC cua p-CTX trong chan doan LX

Nhdn xét: p-CTX c6 gié tri rat tot trong chan doan lodng xuong.
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Bang 3.28 Do nhay, do dic hiéu, diém cit ciia f-CTX trong chan doan LX

Séthirtw | B-CTX | Youden | Do nhay (%) | Do dic higu (%)
1 386,00 | 0,7455 74,5 100,0
2 350,60 | 0,7407 82,7 91,3
3 338,70 | 0,7397 84,5 89,4
4 390,30 | 0,7364 73,6 100,0
5 385,70 | 0,7358 74,5 99,0
6 350,90 | 0,7316 81,8 91,3
7 348,80 | 0,7311 82,7 90,4
8 340,00 | 0,7306 83,6 89,4
9 338,40 | 0,7301 84,5 88,5
10 396,60 | 0,7273 72,7 100,0

Nhdn xét: Diém cit tot nhit dé chan doan loing xuong cta p-CTX Ia
350,60 (pg/ml) c6 do nhay la 82,7% va d¢ dac hiéu 1a 91,3%.

1.009

nhay

0.50

Do

0.00 1
T T T T T
0.00 0.25 0.50 0.75 1.00
I - Dé dac higu
Dién tich dudi duimg cong ROC = 0.8684 (KTC 95%: 0.8200 - 0.9169)

Biéu d6 3.16 Puong cong ROC cuia testosterone trong chan doan LX

Nhdn xét: Testosterone co gia tri tot trong chan doan lodng xuong.
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Bang 3.29 D§ nhay, do dac hiéu, diém cit cua testosterone trong chan

doan loang xuong

S6 thir tw | Testeststeron | Youden | P nhay (%) | P9 dic hiéu (%)
1 315,10 0,6007 75,4 84,6
2 320,10 0,6002 76,4 83,7
3 333,80 0,5991 78,2 81,7
4 341,40 0,5986 79,1 80,8
5 300,30 0,5948 69,1 90,4
6 300,70 0,5942 70,0 89,4
7 309,00 0,5921 73,6 85,6
8 313,20 0,5916 74,5 84,6
9 317,30 0,5911 75,5 83,7
10 321,40 0,5906 76,4 82,0

Nhdn xét: Diém cat tot nhat chan doan lodng xwong cua testeststeron
la 315,1 (ng/dl) c6 d6 nhay la 75,4% va do dac hi¢u l1a 84,6%.

Bang Puong cong ROC cua estradiol, SHBG, osteocalcin trong chan
doan LX

Yéu to AUC KTC 95%
Estradiol 0,31 0,24 -0,39
SHBG 0,37 0,30 - 0,45
Osteocalcin 0,59 0,52 -0,67

Nhdn xét: Trong chan doan LX estradiol, SHBG khong c6 gia tri va

osteocalcin o gia tri khong tot.
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Chwong 4: BAN LUAN
4.1 Pic diém dbi twong nghién ciru

Trong nghién ciru ndy, ching toi nhan thdy c6 su trong dong giita
nhom khong LX va nhém LX vé cac dic diém nhan khau hoc, yéu t6
nguy co LX, cic xét nghiém sinh hoa... Sy tvong dong nay gitp loai
b6 cac yéu té gay nhidu do cac yéu td trén gay ra néu co.

4.2 Panh gia nong dd hormon sinh duc, osteocalcin, B-CTX ¢ nam
gi¢i lodng xwong, khong loing xwong va twong quan giira nong do
hormon sinh duc, osteocalcin, B-CTX véi mat do xwong

4.2.1 Panh gia nong dd hormon sinh duc, osteocalcin, p-CTX &
nam gid¢i loing xwong, khong loang xwong

Qua khao sat 214 trudng hop ching toi ghi nhidn ndng do
testosterone toan phén, testosterone ty do, testosterone sinh kha dung,
FAI, ndng do estradiol toan phan, estradiol ty do, estradiol sinh kha
dung & nhém LX thap hon ¢ § nghia thdng ké so v6i ndng do cac chi
s6 nay & nhom khong LX. Nguoc lai, ndng do osteocalcin va B-CTX &
nhoém LX cao hon so v6i ndng d6 cua cac ddu 4n nay & nhom khong
LX.

Nghién ciru ctia chiing toi cho két qua tuong tw mot s nghién ctru
khéc trén thé gioi. Nghién ciru cta Pietschmann cho thdy ndng do6 cua
estradiol toan phan & nhom LX thip hon c¢é y nghia théng ké so voi &
nhém khong LX. Nghién ciru ciia tac gia Clapauch ciing cho thiy ndng
d6 cua testosterone tu do, testosterone sinh kha dung, estradiol toan
phan & nhém LX thap hon & nhém khdng LX. Tuy nhién, mot b
nghién ctru khac cho két qua trai ngugc. Vai tro clia hormon sinh duc
trong sinh bénh hoc ctia LX nam giéi vin dang con ban cii va cac

nghién ciru cho két qua con nhidu khac biét. Sy khac biét nay co thé do
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cac nghién ciru khac nhau vé s6 luong mau, tudi cua ddi tuong nghién
ctru, BML... Dic biét, BMI trong nghién ctru ciia chung tdi thdp hon
céc nghién ctru khac. Diéu nay co thé giai thich do tim véc cta ngudi
Viét thuong thip hon va gay hon nén c6 thé anh huong dén nong do
hormon sinh dyc trong nghién ctu.

V& dau an chu chuyén xuong thi nghién ciru cua ching toi cho két
qua tuong ty tdc gia Maataoui & nam giéi Moroco va tac gia
Scholtissen & nam gidi Phap, Bi cho thdy nong 6 B-CTX & nhoém LX
cao hon. Diéu nay mot 1an nita khing dinh cho gia thuyét gia ting chu
chuyén xuong s& ting mat xwong va dé xac dinh chinh xac can tim
mdi twong quan giita cac ddu 4n chu chuyén xuong véi mat do xuong
cling nhu tinh trang LX thong qua cac phan tich hdi qui tuyén tinh don
bién va da bién.

4.2.2 Twong quan giitra hormon sinh duc va mat d¢ xwong

V& mit sinh 1y, vai trd cua testosterone 1én MPX kha 13 rang &
nam giGi. Tuy nhién, yéu t6 nao twong quan véi LX & nam gidi van
chua duoc xac dinh 1 rang do sy khac biét vé két qua giita cac nghién
ctru. Nghién ctru MrOS cho thiy ndng do testosterone tu do tuong
quan thuan v6i MPX TBXD, ving lién miu chuyén, cing tay nhung
khong tuong quan véi MPX tai CSTL va nong do estradiol twong
quan voi MPX & tat ca cac vi tri. Nghién ctru ciia tac gia Van Den
Beld cho thay testosterone va estradiol c¢6 tuong quan thuan véi MPX.
Nghién ciru cua tac gia Bian cho két qua testosterone khong twong
quan voi MPX tai CXD trong khi estradiol twong quan thuan véi
MBX tai CXD. Nghién ctru cua tac gia Tran Thi T6 Chau (2010) cho
thiy & nhom > 50 tudi thi khong c6 mdi twong quan giita testosterone
va MDX tai CSTL.
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Trong nghién ctru cta ching t6i, ddi véi MPX tai CSTL thi céc
thong s6 hormon sinh duc déu twong quan thuin nhung muc do yéu
v6i MPX tai cot song thit lung trir SHBG khong tuong quan
(r =-0,04; p > 0,05). Trong cac thong s nay thi mirc d6 tuong quan
cua testosterone tu do cao hon testosterone toan phén (r = 0,33;
p < 0,001 so véir=0,31; p < 0,001). Pdi véi MPX tai CXD thi céc
thong sb hormon sinh duyc (trir SHBG va FEI) déu c¢6 twong quan thuan
mirc d6 yéu v6i MPX tai CXD trir testosterone sinh kha dung twong
quan vura (r = 0,43; p < 0,001) va tuwong quan cua testosterone ty do
cling manh hon testosterone toan phén (r =0,38; p < 0,001 so voi
r=0,35; p < 0,001). P6i véi MDX TBXD thi cac thong s6 hormon
sinh dyc ciing twrong quan thuan mic d6 yéu véi MPX TBXD trir
SHBG, estradiol ty do, FEI twong quan khong ¢ ¥ nghia thong ké va
tuong quan cua testosterone ty do va sinh kha dung voi MPX TBXD
cao hon so véi testosterone toan phan.

4.2.3 Twong quan giita nong dd osteocalcin, p-CTX va mat do
xwong

Céac nghién ctru trén thé gi¢i vé tuong quan gitta ddu 4n chu
chuyén xuong va MPX cho nhiéu két qua khac nhau, tuy nhién, da sé
cac nghién ctru déu cho thay c6 mbi twong quan giira B-CTX véi MPX
va tinh trang mat xwong.

Nghién ctru cua tac gia Goemaere cho thdy ¢ twong quan nghich
gitta MPX & cac vi tri véi osteocalcin (r = -0,22 dén -0,25 véi
p < 0,05), B-CTX (r = -0,23 dén -0,34 véi p < 0,05). Nghién ctru cua
tac gia Bian cho thiy B-CTX twong quan nghich véi MPX ké ca sau
khi hiéu chinh theo tudi, BMI va cic yéu t6 khac. Trong khi do,
osteocalcin twong quan voi MPX tai CXD trong phan tich don bién
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nhung twong quan nay khong c6 y nghia théng ké sau khi hiéu chinh
theo tudi, BMI va céc yéu tb khéc.

Nghién ctru ctia chung t6i ciing twong ddng véi cac nghién ctu
khac trén thé gidi khi cho két qua MPX tai cac vi tri CSTL, CXD,
TBXD c6 tuong quan nghich voi osteocalcin va B-CTX trong do
B-CTX twong quan v6i MPX manh hon osteocalcin. Piéu nay ciing
phi hop v6i y van vi y vin ghi nhan sy mat xuong & nam gi6i do gia
tang hity xuwong nhiéu hon ma khong di song hanh ciing véi tao xwong
nén cic dau 4n lién quan tao xuong khong tuong quan hodc tuong
quan yéu v6i MPX.

4.2.4 Twong quan giira cac yéu t6 véi mat dd xwong trong phan
tich da bién

Chiing t6i dwa vao mo hinh phan tich hdi qui tuyén tinh da bién dé
khao sat twong quan gitra MPX & céc vi tri voi cac yéu té tudi, BMI,
hat thude 14, tap thé duc, vitamin D, cac chi sb néng do hormon,
osteocalcin, B-CTX...

Dbi voi MPX tai CSTL thi mé hinh hdi qui tuyén tinh da bién cho
thy cac yéu t lién quan giam MPX tai CSTL bao gém giam ndng do
testosterone toan phan, giam BMI, tang nong d¢ p-CTX va giam FAL
Mo hinh nay giai thich 44% MDPX tai CSTL va c6 thé tinh duoc gia tri
MDX tai CSTL bang phuong trinh tuyén tinh: MPX tai CSTL = 0,77
+ 0,00013*Testosterone + 0,00772*BMI - 0,00046*B-CTX +
0,00146*FAI trong d6 B-CTX giai thich 30%, BMI giai thich 4%, FAI
giai thich 2% mat do xwong va testosterone toan phan gidi thich 2%
MBPX tai CSTL. Pdi voi MPX tai CXD va TBXD, mé hinh hdi qui
tuyén tinh da bién cho két qua cac yéu td lién quan giam mat do xwong
bao gdbm giam ndng dd testosterone toan phan, giam BMI va ting
B-CTX va phuong trinh tuyén tinh tinh MPX tai CXP = 0,67 +
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0,00014*Testosterone + 0,00452*BMI - 0,00049*B-CTX; MbX
TBXD = 0,76 + 0,00014*Testosterone + 0,00711*BMI - 0,00051
*B-CTX.

Khi phan tich hdi qui tuyén tinh don bién, cac chi s hormon sinh
duc va osteocalcin, p-CTX déu c6 twong quan véi MPX céc vi tri
nhung khi dua vao mé hinh hoi qui tuyén tinh da bién thi gan nhu chi
¢6 B-CTX, ndng do testosterone toan phan, BMI 1a yéu té nguy co doc
lap cua giam MbX.

Nghién ciru ctia chiing t6i twong tu mot sb nghién ciru khac vé vai
tro cia BMI, B-CTX trong tién doan MPX nhu nghién ctru cua cua tac
gia Scholtissen, Bian. Tuy nhién, phuong trinh tuyén tinh tinh MPX
cua chung t6i c6 gia tri tién doan mat do xuong cao hon mo hinh ctia
cac tac gia khac.

4.3 Panh gia cac yéu td lién quan loing xwong nam giéi va xiy
dung mo hinh tién dodn loang xwong & nam giGi

Céc yéu t6 lién quan LX & nit giéi dd duoc xac dinh qua nhiéu
nghién ciru, tuy nhién, yéu t6 lién quan LX nam gi6i van chua duoc
xéc dinh rd rang. Mot sd yéu té da duoc ching minh qua nhiéu nghién
ctru nhu tinh trang lam dung thudc c¢6 chtra glucocorticoid, bat dong
lau ngay... Ching t6i da loai trir cac yéu tb ndy ra trong qué trinh chon
méiu dé loai bo yéu t6 anh huong dén cac két qua nghién ctru. Bén
canh d6 chung t6i con phén tich anh hudng qua lai gitra cac yéu td véi
nhau. Nghién ctru cta chung t6i cho thiy khong c6 twong quan gitra
tudi, BMI véi testosterone, estradiol, osteocalcin, B-CTX. Tuy nhién,
c6 tuong quan gitta MDPX cac vi tri voi BMI, va tuong quan gitia
B-CTX véi cac thong sb hormon sinh duc.

Trong phan tich hdi qui logistic don bién vé tuong quan giira cac

chi s6 hormon sinh duc, osteocalcin, B-CTX véi lodng xwong chung
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chung t6i nhan thiy gia ting dau 4n chu chuyén xuong osteocalcin,
B-CTX s& lam ting nguy co lodng xuong (osteocalcin: OR = 1,06 KTC
95% 1,02 - 1,10 véi p < 0,01; B-CTX: OR = 1,03 KTC 95% 1,02 -
1,03 v6i p < 0,001) va ting cac chi s6 hormon sinh duc (trr FEI:
OR = 1,06 KTC 95% 0,81 - 1,39 véi p > 0,05) lam giam nguy co

loang xuong.

Khi dwa vao phan tich hdi qui logistic da bién twong quan giira
hormon sinh duc, osteocalcin, B-CTX véi lodng xuong chung két qua
cho thdy cac yéu t6 du bao doc lap lodng xuwong & nam gidi trong
nghién ctu chi c6 B-CTX (OR: 1,05; KTC 95% 1,03 - 1,07 véi
p < 0,001), testosterone toan phan (OR: 0,98; KTC 95% 0,97 - 0,99
v6i p < 0,001). Tir d6, chung t6i xac dinh dugc phuong trinh hdi qui

logistic dé tinh x4c suit mic lodng xuong:
Log(odds(P)) = -8,79 + 0,05*B-CTX - 0,02*Testosterone

AUC ctia m6 hinh nay gan nhu bang 1 (AUC = 0,99), nghia 1a mo
hinh nay phéan dinh rat tét mot ngudi c¢6 hodc khong cé lodng xuwong
thong qua danh gia trén sb liéu nghién ctru dua vao 2 thong sb 1a

testosterone va B-CTX ma khong can do mat do xuong.

44 Piém cit caa testosterone, estradiol, SHBG, osteocalcin,

B-CTX trong chin doan loing xwong nam gii

Céc nghién ctru khao sat vé diém cét ciia hormon sinh duc va du
4n chu chuyén xuong trong chan doan LX nam gi6i khong nhiéu.
Nghién ctru cua tac gia Clapauch cho thdy testosterone toan phan
khong tién doan dugc nguy co LX nhung estradiol toan phan < 37
ng/ml ¢6 thé gitp tam soat LX & nam gidi > 50 tudi. Nghién ctru cua
tac gia Gielen cho thiy nong do p-CTX > 452,1 pg/ml cé gié tri tién
doan MDBX tai CSTL vai do nhay 26,7% va d6 dac hiéu 85,4%; tién
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doan MPX tai CXD véi d6 nhay 35,8% va do dac hi€u 88,4%; tién
doan MBX TBXD vai do nhay 33,3% va do dac hi¢u 88,2%.

Nghién ciru cua chung t6i cho két qua AUC cua B-CTX,
testosterone, estradiol, SHBG, osteocalcin 1an luot 1a 0,95 (KTC 95%:
0,92-0,97); 0,87 (KTC 95%: 0,82-0,92); 0,31 (KTC 95%: 0,24-0,39);
0,37 (KTC 95%: 0,30-0,45); 0,59 (KTC 95% 0,52-0,67). Két qua nay
cho thiy estradiol, SHBG khong c6 gia tri trong chan doan LX va
osteocalcin c6 gia tri khong cao trong chan doan LX. Tuy nhién, AUC
ctia B-CTX, testosterone 1a 0,95 va 0,87 cho thay B-CTX, testosterone
c6 gia tri rat t6t trong chan doan LX& nam gidi va c¢6 thé sir dung nhu
1a mot xét nghiém dé tam soat LX. Ching toi tién hanh chon gia tri
diém cat cua cac chi s6 dua vao chi s6 youden. Chi sé youden 13 bién
duoc tao ra cé gia tri: Youden = D3 nhay + D dac hiéu -1. Chi $6
youden cang cao thi d§ nhay va d6 dac hiéu cang tot. D61 véi B-CTX,
chung t6i chon diém cit 1a 350,60 pg/ml; voi diém cét nay thi d6 nhay
va do dac hiéu ciia B-CTX trong chan doan LX & nam gidi > 50 tudi 1a
82,7% va 91,3%. Ddi véi testosterone, chung t6i chon diém cat 1a
315,10 ng/dl; véi diém cat nay thi d6 nhay va do6 dic hiéu cua
testosterone trong chan doan LX& nam gidi > 50 tudi 1a 75,5% va
84,6%.

4.5. Han ché ciia nghién ctru

Chung t6i loai bo nhitng d6i tugng nghi ngo lodng xuong thir phat
nhu lodng xuong & ddi tuong mac bénh 1y tuyén giap, viém khép dang
thp, suy than... chi qua tham hoi tién cin — bénh sir, tham kham 1am
sang va xét nghiém sdn c6 nén ddi khi c6 thé chua loai trir dwoc hoan

toan nhitng trudng hop bénh nhe hodc méi méc.
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KET LUAN

Qua nghién ciru 214 nam giéi > 50 tudi (gdm 104 nam gidi khong

lodng xwong va 110 nam gidi lodng xuong) ching toi riit ra mot sb két

luan sau:

1.

Panh gia ndng d9 hormon sinh duc, osteocalcin, p-CTX ¢ nam

gi¢i lodng xwong, khong loing xwong va twong quan giira nong do

hormon sinh duc, osteocalcin, B-CTX véi mat d§ xwong

2.

Nong d6 cac hormon sinh duc (trir chi sb estrogen tu do) & nhém
lodng xuong thip hon & nhom khong lodng xwong.

Nong do osteocalcin, p-CTX ¢ nhom lodng xwong (16,28 + 8,96
ng/ml va 509,20 [382,90-688,10] pg/ml) cao hon nhom khong
loang xwong (13,21 £5,69 ng/ml va 253,10 [206,45-301,90] pg/ml).
C6 twong quan thudn mirc do yéu giita cac chi sb cua ndng do
hormon sinh duc véi mat d6 xuong & vi tri cot séng thét lung, cd
xuong dui, toan b xuong dui (r tir 0,19 - 0,43).

Tuong quan giira ddu 4n chu chuyén xwong B-CTX véi mat do
xuong & cac vi tri cot sdng that lung, cd xwong dui, toan bd xuong
dui 1a twrong quan nghich mrc d¢ manh (r =-0,62, -0,74, -0,70).
Mat d6 xuong tai cot sdng thit lung = 0,77 + 0,00013*Testosterone
+0,00772*BMI - 0,00046*B-CTX + 0,00146*FAl.

Mat d6 xuong tai cd xwong dui = 0,67 + 0,00014*Testosterone +
0,00452*BMI - 0,00049*B-CTX.

Mat d6 xuong toan bd xuong dui = 0,76 + 0,00014*Testosterone +
0,00711*BMI - 0,00051*B-CTX.

Cac yeéu to lién quan loang xwong nam giéi va xay dung mé

hinh tién do4n loing xwong & nam gidi

Yéu t0 lién quan lodng xuong nam gidi bao gom ting nong do

B-CTX, giam ndng do testosterone toan phan.
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Phuong trinh héi qui logistic tinh xdc suit méc loing xuong:
Log(odds(P)) = -8,79 + 0,05*p-CTX — 0,02*Testosterone

3. D6 nhay, d§ dic hiéu, diém cat cia testosterone, estradiol,

SHBG, osteocalcin, B-CTX trong chin do4n loing xwong

B-CTX co gia tri rat tt trong chan doan lodng xwong ¢ nam gidi
> 50 tudi voi AUC 1a 0,95 (KTC 95%: 0,92-0,97) va & diém cit
350,60 pg/ml B-CTX c6 d6 nhay 82,7% va do dac hiéu 91,3% trong
chan doan.

Testosterone cling c6 gia tri trong chin doan lodng xwong & nam
gidi > 50 tudi voi AUC 1a 0,87 (KTC 95%: 0,82-0,92) va ¢ diém
cat 315,10 ng/dl testosterone c6 d¢ nhay 75,5% va d¢ dic hi¢u
84,6% trong chan doan.

Estradiol, SHBG, osteocalcin khong c6 gia tri trong chan doan

loang xuong ¢ nam gidi > 50 tuoi.

KIEN NGHI

Yéu té lién quan lodng xuwong & nam gidi > 50 tudi 1a giam
testosterone toan phan va ting B-CTX. Do do, can tim soat lodng
xuong & nam gi6i theo khuyén cdo va tim soat lodng xuong cho
nhing d6i twong nam gidi suy sinh duc hodc ting ndng do B-CTX.
Can m¢ rong nghién ciru dé xem cd thé sang loc dé tam soat lodng
xuong & nam giéi bang xét nghiém B-CTX, testosterone dbi véi
nhing co sé chua trang bi dugc may do mat do xuong bang
phuong phap DEXA hay khong.
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PREFACE
1. The urgency of the thesis

Osteoporosis is one of the 10 diseases that have the greatest
impact on the elderly population. Osteoporosis has been considered as
a women’s disorder because it is often seen in women; however,
recent research shows that a substantial percentage is also seen in men.
While the prevalence of osteoporosis and fractures in male is lower
than in women, once the disease-related fracture occurs, the
osteoporosis-related mortality and morbidity rates in male are
markedly higher. This highlights more attention should be paid to
osteoporosis in men.

Among many osteoporosis-related factors, sex hormones and
bone turnover markers have been well researched internationally but
not in Viet Nam, particularly in men. Therefore, our research titled
“A study on sex hormone concentration and bone turnover markers
in male osteoporotic patients” is conducted.

2. Objectives

First objective: to assess sex hormone concentrations
(testosterone, estradiol, SHBG), osteocalcin and B-CTX concentrations
in men with and without osteoporosis.

Second objective: to assess the osteoporosis-related factors in
men and develop a predictive model for osteoporosis in men.

Third objective: to assess the sensitivity, specificity, cut-off value
of testosterone, estradiol, SHBG, osteocalcin, and B-CTX in
diagnosing osteoporosis in men.

3. Scientific significance and practical meaning
Scientific significance: in male population, the sex hormones and
bone turnover markers for diagnosing osteoporosis are of particular



scientific interest. This study is to assess the relationship between sex
hormones and bone turnover markers with bone density, then evaluate
the accuracy of sex hormones and bone turnover markers in
diagnosing osteoporosis and develop the predictive model for
osteoporosis in men.

Practical meaning: the results of this study may draw better attention
from clinicians of the importance of managing osteoporosis in men.
They can provide a complete understanding of risk factors for the
physicians to identify the high-risk individuals for early screening,
diagnosis and better treatment. Moreover, by developing the predictive
model for the incidence of osteoporosis in men using the serum
sample, the study can facilitate the efforts to screen for the disease in
the under-equipped faculties without bone densitometry.

4. Contributions of the thesis

This is the first thesis to investigate both the sex hormones and
bone turnover markers in male osteoporotic patients in Viet Nam. The
findings indicate that in men aged over 50-year-old, decreased
testosterone and increased B-CTX are the factors associated with
osteoporosis and could be used to predict the probability of the
disease.

STRUCTURE OF THESIS

This is a 127-page thesis with 4 chapters, 50 tables, 10 figures, 2
diagrams, 19 charts, and 112 references (Vietnamese: 04, English:
108). Preface: 4 pages, overview: 35 pages, subjects and methods: 20
pages, results: 35 pages, discussion: 30 pages, conclusion: 02 pages,
recommendation: 01 page.



Chapter 1: OVERVIEW

1.1 Bone turnover

Bone turnover is composed of two mutually related processes
which are bone formation and resorption. Under normal condition,
there is a balance between these two processes. The imbalance will
happen in some stages when bone resorption is greater than formation,
which leads to bone loss...
1.2 Osteoporosis in men
1.2.1 Definition

Osteoporosis is characterized by low bone mass and bone tissue,
and disruption of bone microarchitecture leading to impaired bone
strength and an increase in fracture risk.
1.2.3 Risk factors

Literature in this field has indicated the association between
osteoporosis and th following factors which are age, low body weight,
smoking, alcohol addiction, sex hormones decrease, etc. In men, bone
loss can result from a single risk factor or a combination of several risk
factors.
1.2.4 Diagnosis

According to WHO criteria, osteoporosis is diagnosed once the
bone mineral density (BMD) of femoral neck, total femur or lumbar
spine is equal or below -2,5.
1.3 Mpact of sex hormones on bone turnover in men
1.3.1 Physiology of sex hormone

In men, roughly 50% to 60% of circulating testosterone and
estradiol are transferred by SHBG, 40% to 50% by albumin and some
other proteins, 1% to 3% are in unconjugated forms and named free
hormones. The free hormones and hormones not combined with



SHBG are named bioavailable hormones. Some studies showed a
decline in sex hormones due to aging while other failed to show this
correlation.
1.3.2  The mechanism of sex hormone on bone turnover

Androgen stimulates the growth of osteoprogenitor cells and
promote their differentiation into bone-forming cells. It also decreases
the apoptosis of bone-forming cells and bone cells. Moreover,
androgen inhibits the differentiation of bone-destroying cells,
stimulates the secretion of growth hormones, increase the bone cell
sensitivity to IGF-1 and promotes bone matrix formation. Estrogen
causes an impact on bone-destroying cells via bone-forming cells.
1.3.3  Sex hormone role on bone in men

There are several studies on the association between sex hormone
indices and bone strength indices, but the findings are inconsistent.
Some demonstrated the association while others did not.
1.4 Biochemical parameters of bone turnover in men
1.4.1 Bone turnover markers

The bone formation and resorption processes release some
enzymes, proteins and some products derived from the formation or
resorption of bone matrix which are called bone turnover markers.
1.4.2 Bone formation markers

Bone formation markers are proteins from active osteoblasts, and
the plasma concentrations reflex the bone-forming activity. Bone
formation markers include osteocalcin, bone alkaline, propeptides of
type 1 collagen.
1.4.3 Bone resorption markers

Bone resorption markers reflect the degeneration of bone matrix
and can be measured in the serum or urine. Most of them are the



products in the type 1 collagen degradation. There are many bone
resorption markers, such as collagen-related markers (including CTX
or NTX, hydroxydrolin, hydroxyprolin-glycosides, pyridinoline,
deoxypyridinoline), noncollagenous proteins (bone sialoprotein,
osteocalcin), osteoclastic enzymes (tartate-resistant acid phosphatase,
cathepsins).
1.4.4  Bone turnover markers in osteoporosis in men

Bone turnover markers can help in assessment the bone formation
and resorption processes, then evaluate the metabolic process of the
whole skeleton in diagnosis and treatment. In clinical practice, bone
turnover markers can be used to predict fracture risks and to monitor
the anti-osteoporotic treatment in term of efficiency assessment.

Chapter 2: PATIENTS AND METHODS

2.1. Study subjects

The study was conducted on men over 50, at the Rheumatology
department, orthopedic department, the general outpatient clinic at
Cho Ray Hospital and the geriatric outpatient clinic at University
Medical Center HCMC from January 2013 to January 2017.

214 individuals were enrolled, being separated into the
osteoporosis group (110 individuals) and the non-osteoporosis group
(110 individuals).

2.1.2. Inclusive criteria

- Osteoporosis group: FN or total hip or LS T-score <-2,5.

- Non-osteoporosis group: all three above mentioned T-score >-2,5.
2.1.3. Exclusive criteria

- Individuals who refused to sign informed consent.



- Individuals who has been using sex hormone containing drugs,
glucocorticoid, anti-osteoporotic medication, calcium, vitamin D or
precursor and metabolites of vitamin D and individuals who were
clinically diagnosed of secondary osteoporosis.

- Long-term immobile patients.

- Individuals who were contraindicated for obtaining BM.

- Individuals with unattainable FN BMD or LS BMD.

2.2. Methods
2.2.1. Design

Cross-sectional analysis with the control group.

2.2.2. Sample size

Estimated formula:
(Lt + Z,ﬁ)2 (012 +05)

(15 - 2

Based on the results from Lormeau, the minimal sample size is 102
individuals per each group.

2.2.3. Research protocol and variables

- Select study subjects.

- Perform: history taking and physical examination: age, job,
smoking history, alcoholic usage, physical activity, individual fall
within the last 12 months, individual fractures within the last 5 years,
medication being used, fractures occurring before 45-year-old in direct
relative, height, weight and BMI.

- Measure: BMDs at lumbar spine, femoral neck and total hip.

- Obtain lab results regarding calcium, albumin, creatinine,
phosphor and vitamin D.

- Withdraw blood for measuring sex hormones (testosterone,
estradiol, SHBG) and bone turnover markers (B-CTX, osteocalcin).



- Calculate other variables: free testosterone and bioavailable
testosterone concentrations, free androgen index, free estradiol and
bioavailable estradiol concentrations, free estrogen index based on

Sodergard formula.

- Perform statistical analysis using Stata 13.0 software.

Chapter 3: RESULTS
3.1. Characteristics of participants
Table 3.1 Demographic characteristics of participants

Nonosteoporosis | Osteoporosis
Characteristics group group P
(n=104) (n=110)
Age (year) | Mean £+ SD 67.84+1151 | 68.24+12.16 | >0.05*
Career: farmer 57 (54.8) 61 (55.5) >0.05P
Anthro- Height (m) 1.63 +0.57 1.63+0.65 | >0.05*
pometry Weight (kg) 58.77 £ 9.82 57.63 £ 10.68 | >0.05*
BMI (kg/m?) 22.07 £ 351 21.64 +3.38 | >0.05*
Table 3.2 Risk factors of osteoporosis
Nonosteoporosis | Osteoporosis P
Risk factors group group value
(n=104) (n=110)
Smoking 73 (70.2) 73 (66.4) >0.05*
Alcohol use 29 (27.9) 33 (30.0) >0.05*
Physical activities 56 (53.9) 37 (33.6) <0.05*
Falls within 12 months 4(3.9) 6 (5.5) >0.05°
Fractures within 5 years 1(1.0) 7(6.4) >0.05P

In general, there are insignificant differences between 2 groups in

age, BMI, smoking, alcohol use, renal function, vitamin D, etc.




3.2 Sex hormone concentrations, osteocalcin, B-CTX, in men with

and without osteoporosis and correlation between sex hormone
concentrations, osteocalcin, p-CTX, with BMDs
3.2.1 Sex hormone concentrations, osteocalcin, f-CTX in men with
and without osteoporosis
Table 3.5 Sex hormone concentrations in men with and without

osteoporosis

Non-osteoporosis Osteoporosis
Measurement group group P value
(n=104) (n=110)
Total testosterone 469.52 + 150.69 256.29 + 124.64 <0.001*
Free testosterone 0.32+£0.09 0.20 £ 0.09 <0.001*
Bio testosterone 8.48 £ 2.47 489 +231 <0.001*
FAI 38.41 +15.33 26.65 £ 13.90 <0.001*
Total estradiol 29.75 £ 12.05 22.17 £10.20 <0.001*
Free estradiol 2.62 +1.03 2.24+1.08 <0.05*
Bio estradiol 70.17 £ 27.03 55.91 £ 25.97 <0.001*
FEI 0.27+£0.15 0.27+£0.20 >0.05
SHBG 43.47 [30.00-62.78] | 36.12 [23.70-47.69] | <0.001**

*standard distribution, two sample t test

**non-standard distribution, nonparametric test Wilcoxon
FALI: free androgen index, FEI: free estrogen index

Remark: The concentrations of total testosterone, free testosterone,
bioavailable testosterone, total estradiol, free estradiol, bioavailable
estradiol, free androgen index and SHBG in osteoporosis group were
significantly lower than those in non-osteoporosis group.

There was insignificant difference in FEI between 2 groups.



Table 3.6 Osteocalcin, B-CTX concentrations in men with and without

osteoporosis

Non-osteoporosis

Osteoporosis

BTMs group group p value
(n =104) (n=110)
Osteocalcin (ng/ml) 13.21 £5.69 16.28 £ 8.96 <0.01*
253.05 509.20 -
B-CTX (pg/mi) [206.45-301.90] | [382.90-688.10] | 000t

*standard distribution, two sample t test
**non-standard distribution, nonparametric test Wilcoxon
BTM: bone turnover marker

Remark: The concentrations of osteocalcin and B-CTX in osteoporosis
group were significantly higher than those in non-osteoporosis.

3.2.2 Correlation between sex hormone concentrations and BMDs
Table 3.7 Correlation coefficient between sex hormone concentrations

and BMDs
FN BMD total hip BMD LS BMD
Sex hormones
r p P p
SHBG -0.00 | >0.05 | -0.03 | >0.05 | -0.04 | >0.05
Total testosterone 0.35 | <0.001 | 0.31 | <0.001 | 0.31 | <0.001
Free testosterone 0.38 | <0.001 | 0.34 | <0.001 | 0.33 | <0.001
Bio testosterone 0.43 | <0.001 | 0.41 | <0.001 | 0.39 | <0.001
FAI 0.35 | <0.001 | 0.34 | <0.001 | 0.35 | <0.001
Total estradiol 0.20 | <0.01 | 0.18 | <0.01 | 0.24 | <0.001
Free estradiol 0.14 | <0.05 | 0.13 0.19 <0.05
Bio estradiol 0.24 | <0.001 | 0.24 | <0.001 | 0.29 | <0.001
FEI 0.11 0.13 0.19 | <0.01

Remark: Positive correlation between testosterone with BMDs was
stronger than correlation between estrogen with BMDs. There was no
correlation between SHBG, FEI, free estradiol with BMDs.
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3.2.3 Correlation between concentrations of osteocalcin, B-CTX
with bone mineral density

Table 3.10 Correlation between concentrations of osteocalcin, B-CTX
with bone mineral density

FN BMD Total hip BMD LS BMD
BTMs
r p r P R P
Osteocalcin | -0.20 | <0.01 -0.10 >0.05 | -0.14 | <0.05
B-CTX -0.74 | <0.001 | -0.70 | <0.001 | -0.62 | <0.001

Remark: There were negative correlations between concentrations of
B-CTX and osteocalcin with BMDs except for osteocalcin with total
hip BMD. There was a stronger correlation between B-CTX
concentration with BMDs than osteocalcin with BMD.

3.2.4 Correlations between factors with BMDs in multivariable
analysis

Table 3.13 Multivariable regression analysis between factors with
BMDs

FN BMD total hip BMD LS BMD
Factors

B R? B R? B R?
TT testosterone | 0.00014 | 0.06 | 0.00014 | 0.03 | 0.00013 | 0.02
BMI 0.00452 | 0.02 | 0.00711 | 0.05 | 0.00772 | 0.04
B-CTX -0.00049 | 0.50 | -0.00051 | 0.43 |-0.00046 | 0.30
FAI - - - - 0.00146 | 0.02
Constant 0.67 0.76 0.77
R? 0.58 0.54 0.44

Remark: the linear equations
- FN BMD = 0.67 + 0.00014*Testosterone + 0.00452*BMI —
0.00049*B-CTX
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- Total hip BMD = 0.76 + 0.00014*Testosterone + 0.00711*BMI
—0.00051*p-CTX

- LS BMD = 0.77 + 0.00013*Testosterone + 0.00772*BMI —
0.00046*B-CTX + 0.00146*FAl

Reduced total testosterone concentration, reduced BMI and
increased B-CTX correlated with a decrease in total hip BMD and FN
BMD. Besides mentioned factors, FAI also correlated with LS BMD.
B-CTX had the strongest correlation with BMDs among these factors.
3.3 Factors associated with osteoporosis in men and predictive
model for osteoporosis in men
3.3.1 Correlation between sex hormones, bone turnover markers,
bone mineral density with age and BMI
Table 3.19 Correlation coefficient between sex hormones, osteocalcin,
B-CTX, bone mineral density with age, BMI

Factors Age Ml

R p r P
FN BMD -0.13 NS 0.18 <0.01
Total hip BMD -0.14 <0.05 0.23 <0.001
LS BMD -0.01 NS 0.22 <0.001
SHBG 0.20 <0.01 -0.17 <0.05
Osteocalcin 0.15 <0.05 0.03 NS
B-CTX 0.08 NS -0.13 NS
Total estradiol 0.03 NS -0.05 NS
Total testosterone | -0.00 NS -0.07 NS

Remark: There was no correlation between B-CTX, total estradiol,
total testosterone with age and BMI. There were positive correlations
between all site BMDs with BMI.
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3.3.3 Correlation between sex hormone (testosterone, estradiol,
SHBG) with osteocalcin, B-CTX
Table 3.21 Correlation coefficients of sex hormones and osteocalcin,

B-CTX
Osteocalcin B-CTX
Sex hormone
r P R P

SHBG 0.19 <0.01 0.03 NS
Total testosterone 0.13 NS -0.29 <0.001
FreetTestosterone 0.06 NS -0.30 <0.001
Bioavailable testosterone 0.05 NS -0.36 <0.001
FAI -0.05 NS -0.30 <0.001
Total estradiol 0.10 NS -0.18 <0.01
Free estradiol 0.03 NS -0.13 NS
Bioavailable estradiol 0.03 NS -0.23 <0,001
FEI -0.10 NS -0.15 <0.05

Remark: There were negative correlations between B-CTX and sex

hormones and osteocalcin showed no correlation.

3.3.4 Factors associated with osteoporosis in men and predictive

model for osteoporosis in men

Table 3.23 Logistic regression analysis for the association between

sex hormones, osteocalcin, B-CTX with osteoporosis

Osteoporosis
Sex hormones

OR Cl 95% P value
SHBG 0.64 0.48 - 0.86 <0.05
TT Testosterone 0.14 0.08 -0.24 <0.001
Free Testosterone 0.18 0.11-0.29 <0.001
Bio Testosterone 0.15 0.09-0.25 <0.001
FAI 0.40 0.28 - 0.57 <0.001
TT Estradiol 0.48 0.35-0.66 <0.001
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Osteoporosis
Sex hormones

OR Cl 95% P value
Free Estradiol 0.69 0.52-0.91 <0.05
Bio Estradiol 0.57 0.43-0.77 <0.001
FEI 1.06 0.81-1.38 NS
Osteocalcin 1.06 1.02-1.10 <0.01
B-CTX 1.03 1.02 -1.03 <0.001

Remark: Increased sex hormones (except FEI) reduced the risk of
osteoporosis while increased osteocalcin and B-CTX increased the risk

of osteoporosis.

Table 3.25 Multivariable logistic regression analysis for association

between factors and osteoporosis

Osteoporosis

Factors

OR Cl 95% P value
Total Testosterone 0.98 0.97 0.99 <0.001
B-CTX 1.05 1.03 1.07 <0.001

Remark: Osteoporosis was associated with increased B-CTX and

decreased testosterone.
Table 3.26 Regression coefficients in multivariable analysis between

factors with osteoporosis

Osteoporosis

Factors -

Coefficients (B) Cl 95% P value
B-CTX 0.05 0.03 0.07 <0.001
Total Testosterone -0.02 -0.03 -0.01 <0.001
Constant -8.79

Remark: Logistic regression equation: Log(odds(P)) = -8.79 + 0.05*
B-CTX -0.02*Testosterone
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3.4 Cut-off value and sensitivities, specificities of indices in
diagnosing osteoporosis

1.00
0.751 f'

£ 0.504

e

0,00

0.00 0.25 0.50 0.75 1.00
1- specificity
AUC =0.9465 (C1 95%: 0.9195 - 0.9734

Figure 3.15 AUC ROC of B-CTX in diagnosing osteoporosis
Remark: B-CTX could be used to diagnose osteoporosis with very
good accuracy.

Table 3.28 Cut-off value, sensitivities and specificities of B-CTX in
diagnosing osteoporosis

B-CTX Youden Sens (%) Specs (%)
1 386,00 0,7455 74,5 100,0
2 350,60 0,7407 82,7 91,3
3 338,70 0,7397 84,5 89,4
4 390,30 0,7364 73,6 100,0
5 385,70 0,7358 74,5 99,0
6 350,90 0,7316 81,8 91,3
7 348,80 0,7311 82,7 90,4
8 340,00 0,7306 83,6 89,4
9 338,40 0,7301 84,5 88,5
10 396,60 0,7273 72,7 100,0

Remark: The optimal cut-off value of B-CTX in diagnosing
osteoporosis was 350,60 (pg/ml) with sens of 82.7% and spec of
91.3%.
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1.004
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Sensitivity

0.00
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0.00 025 0.50 0.75 1.00
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AUC =0.8684 (Cl 95% 0.8200 - 0.9169)

Figure 3.16 AUC ROC of testosterone in diagnosing osteoporosis
Remark: Testosterone could be used to diagnose osteoporosis with
good accuracy.

Table 3.29 Cut-off value, sensitivities and specificities of testosterone
in diagnosing osteoporosis

Testosterone Youden Sens Spec
1 315,10 0,6007 75,4 84,6
2 320,10 0,6002 76,4 83,7
3 333,80 0,5991 78,2 81,7
4 341,40 0,5986 79,1 80,8
5 300,30 0,5948 69,1 90,4
6 300,70 0,5942 70,0 89,4
7 309,00 0,5921 73,6 85,6
8 313,20 0,5916 74,5 84,6
9 317,30 0,5911 75,5 83,7
10 321,40 0,5906 76,4 82,0

Remark: The optimal cut-off value of testosterone in diagnosing
osteoporosis was 315.1 (ng/ml) with sens of 75.4% and spec of 84.6%.
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Table AUC ROCs of estradiol, SHBG, osteocalcin in diagnosing
osteoporosis

Factors AUC Cl1 95%

Estradiol 0.31 0.24 -0.39
SHBG 0.37 0.30-0.45
Osteocalcin 0.59 0.52-0.67

Remark: Osteocalcin could be used to diagnose osteoporosis with low
accuracy while SHBG, estradiol could not.

Chapter 4: DISCUSSION

4.1. The characteristics of the subjects

In this study, there were similarities between osteoporosis and
non-osteoporosis groups in demographics, osteoporosis risk factors,
and biochemical test, which offset the impact of bias from mentioned
factors, if significant.
4.2. Concentrations of sex hormones, osteocalcin, B-CTX in men
with and without osteoporosis and the correlation between sex
hormones, osteocalcin, B-CTX with BMDs.
4.2.1. Concentrations of sex hormones, osteocalcin and p-CTX in
men with and without osteoporosis

Through analysis of 214 subjects, this research showed the
concentrations of total testosterone, free testosterone, bioavailable
testosterone, total estradiol, free estradiol, bioavailable estradiol and
free androgen index in osteoporosis group were statistically lower than
those in non-osteoporosis group. In contrast, concentrations of
osteocalcin and B-CTX in osteoporosis group were higher.

Our study showed similar findings to some other studies.
Pietschmann showed in his study that concentration of total estradiol
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in osteoporosis group was statistically lower than that in non-
osteoporosis group. Clapauch also showed that concentrations of free
testosterone, bioavailable testosterone, total estradiol in osteoporosis
group were lower than those in non-osteoporosis group. However,
other studies showed opposite results. The role of sex hormones in
pathogenesis of osteoporosis in men is of controversy and study in this
field has showed inconsistent findings. This difference may result
from the discrepancies in sample size among studies, age of included
subjects, BMI and BMDs, etc. In particular, BMI in our study is lower
than in other studies. This may be explained by the stature of
Vietnamese people in which Vietnamese tend to have lower height and
weight, leading to variation in sex hormones.

In term of bone turnover markers, our study showed similar
findings to the studies of Maataoui in Moroco men and Scholtissen in
French and Belgian men which showed the concentrations of B-CTX
in osteoporosis group were higher. These findings again reinforce the
hypothesis that an increase in BMD would lead to an increase in bone
loss. To confirm this hypothesis, it is necessary to identify the
correlation between bone turnover markers with BMDs as well as
osteoporosis by linear regression analysis and multivariable regression
analysis.

4.2.2. Correlation between sex hormones and BMDs

Physiologically, the impact of testosterone on BMDs in men is
quite obvious; however, which factor in men has a correlation with
osteoporosis is still unidentified because of the inconsistence in
research results. MrOS trial showed that testosterone concentration
positively correlated with BMDs at total hip, intertrochanteric region,
forehand but not at lumbar spine and estradiol concentration correlated
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with all site BMDs. The study of Van Den Beld showed the positive
correlation between testosterone and estradiol and BMDs. The study
of Bian showed no correlation between testosterone and BMD at
femoral neck but postitive correlation between estradiol with BMD at
femoral neck. The study of Tran Thi To Chau (2010) showed that in
group over 50 there was no correlation between testosterone with
BMD at lumber spine.

In our study, there were positive yet weak correlation between
BMD at lumber spine with all sex hormones but SHBG (r=-0.04;
p>0.05). Among these parameters, free testosterone had a stronger
correlation than total testosterone (r=0.33; p<0.001 vs r=0.31;
p<0.001). There were also positive but weak correlations between
BMD at femoral neck with all sex hormones but SHBG and free
estrogen index. The bioavailable testosterone in particular had a mild
and positive correlation with BMD at femoral neck (r = 0.43;
p < 0.001) and the free testosterone had stronger correlation than total
testosterone (r = 0.38; p < 0.001 vs r = 0.35; p < 0.001). There were
also positive but weak correlations between BMD at total hip with all
sex hormones but SHBG, free estradiol and free estrogen index (non-
statistical correlation) and the free and bioavailable both had stronger
correlations with BMD at total hip than total testosterone.

4.2.3. Correlations between the concentrations of osteocalcin,
B-CTX with BMDs

The studies of correlation between bone turnover markers and
BMDs showed inconsistent results; however, most of them showed the
correlations between B-CTX with BMDs and bone loss.

The study of Goemaere showed that there were negative
correlations between all site BMDs with osteocalcin (r = -0.22 to -0.25
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with p < 0.05) and B-CTX (r = -0.23 to -0.34 with p < 0.05). The study
of Bian showed that there were negative correlations between B-CTX
with BMDs even after adjusting for age, BMI and other factors. The
correlations between osteocalcin with BMD at femoral neck reached
statistical in single variable analysis but not in multivariable analysis
(after adjusting for age, BMI and other factors).

Our study showed similar findings to others in the field, in which
there were negative correlations between BMDs at lumbar spine,
femoral neck and total hip with osteocalcin and B-CTX and B-CTX
had stronger correlation. This result is consistent with related literature
because it is well recognized that there is bone loss in men due to the
increased bone destruction not accompanied by the same extent of
bone formation, leading to the no or weak correlation between bone
formation markers with BMDs.

4.2.4. Correlations between other factors with BMDs in
multivariable analysis

We performed the multivariable linear regression analysis to
evaluate the correlations between BMDs at all sites with age, BMI,
smoking, physical activities, vitamin D, hormone indices, osteocalcin
and B-CTX, etc.

The multivariable linear regression model revealed the factors
associated with the decrease in BMD at lumbar spine, including
decreased total testosterone, decreased BMI, increased B-CTX and
decreased FAIl. This model helps explain 44% of BMD at lumbar
spine and provide a linear equation for estimation of BMD at lumbar
spine: lumbar spine BMD = 0.77 + 0.00013*Testosterone +
0.00772*BMI — 0.00046*B-CTX + 0.00146*FAlI. B-CTX accounts for
30%, BMI for 4%, FAI for 2% and total testosterone for 2% of BMD
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at lumbar spine. For BMD at femoral neck and total hip, the
multivariable linear regression model revealed the factors associated
with reduced BMD, including decreased total testosterone, decreased
BMI, and increased B-CTX. Linear equation for estimation of BMD:
FN BMD = 0.67 + 0.00014*Testosterone + 0.00452*BMI -
0.00049*B-CTX; Total hip BMD = 0.76 + 0.00014*Testosterone +
0.00711*BMI — 0.00051*B-CTX.

All sex hormone indices, osteocalcin and B-CTX showed
correlations with BMDs at all sites in single variable linear regression
analysis but in multivariable analysis, only B-CTX, total testosterone
and BMI were independent risk factors for reduced BMDs.

Our study is consistent with others regarding the role of BMI, -
CTX in predicting BMDs, namely the studied of Scholtissen, Bian.
Moreover, our linear equation for estimation of BMDs had better
predictive ability than other models.

4.3. Factors associated with osteoporosis in men and development
of predictive model for osteoporosis in men

The factors associated with osteoporosis in women have been
identified while those in men have not been well recognized. Some
factors such as glucocorticoid-containing drug abuse and long-term
immobilization have been demonstrated in many studies. Therefore,
we excluded these factors in the sample selection process to prevent
the relating impact on research results. We also analyzed the
interactions among these factors. Our study showed no correlation
between age, BMI with testosterone, estradiol, osteocalcin and B-CTX;
however, there were correlations between BMDs at all sites with BMI
and between B-CTX and sex hormone indices.
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In single variable logistic regression analysis regarding the
correlations between sex hormone indices, osteocalcin and B-CTX
with osteoporosis, our study showed that the increase in osteocalcin
and B-CTX would lead to an increase in osteoporosis risk (osteocalcin:
OR = 1.06 Cl 95% 1.02 — 1.10 with p < 0.01; B-CTX: OR = 1.03 CI
95% 1.02 — 1.03 with p < 0.001) and the increase in sex hormone
indices (except FEI: OR = 1.02 Cl 95% 0.81 — 1.38 with p > 0.05)
would lead to a decrease in osteoporosis risk.

In multivariable logistic regression analysis of correlations
between sex hormones, osteocalcin and -CTX with osteoporosis, our
study revealed the independent predictors for osteoporosis in men
including B-CTX (OR: 1.05; KTC 95% 1.03 — 1.07 véi p < 0.001),
total testosterone (OR: 0.98; KTC 95% 0.97 — 0.99 véi p < 0.001).
Then, we developed the logistic regression equation for probability of
osteoporosis:

Log(odds(P)) = -8.79 + 0.05*B-CTX — 0.02*Testosterone

The AUC value was very good, close to 1 (AUC=0,99), which
means this model can accurately separate people with or without
osteoporosis based on 2 parameters, testosterone and f-CTX, without
the need of BMDs measurement.

4.4. Cut-off value of testosterone, estradiol, SHBG, osteocalcin,
and g-CTX in diagnosing osteoporosis

There are not many studies evaluating the cut-off value of sex
hormones and bone turnover markers in diagnosing osteoporosis in
men. The study of Clapauch showed that total testosterone failed to
predict the osteoporosis risk but the value of total estradiol below
37ng/ml could help in screening osteoporosis in men over 50. The
study of Gielen showed the concentration of B-CTX > 452.1 pg/ml
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could predict the BMD at lumbar spine with sensitivity of 26.7% and
specificity of 85.4%; predict the BMD at femoral neck with sensitivity
of 35.8% and specificity of 88.4%; and predict the BMD at total hip
with sensitivity of 33.3% and specificity of 88.2%.

Our study showed that the AUCs of B-CTX, testosterone,
estradiol, SHBG, osteocalcin was 0.95 (Cl 95%: 0.92-0.97); 0.87 (CI
95%: 0.82-0.92); 0.31 (Cl 95%: 0.24-0.39); 0,37 (CI 95%: 0.30-0.45);
0.59 (Cl 95% 0.52-0.67), respectively. Based on these findings,
estradiol and SHBG showed no value in diagnosing osteoporosis and
osteocalcin showed marginal value in diagnosing osteoporosis. In
contrast, B-CTX and testosterone showed very good ability in
diagnosing osteoporosis with AUC of 0.95 and 0.87, respectively, and
could be used as screening tools. We decided the optimal cut-offs of
the studied indices based on Youden index. Youden index was a
variable with value of sensitivity +specificity -1. The higher the
Youden index, the better the sens and spec. For B-CTX, the optimal
cut-off was 350.60 pg/ml. This cut-off showed sensitivity and
specificity of 82.7% and 91.3%, respectively, in diagnosing
osteoporosis in men > 50. For testosterone, the optimal cut-off was
315.1 ng/ml. This cut-off showed sensitivity and specificity of 75.5%
and 84.6%, respectively, in diagnosing osteoporosis in men > 50.

4.5. Study limitations

We excluded the subjects of secondary osteoporosis such as
osteoporosis following thyroid related disorders, renal failure,
rheumatoid arthritis, etc, based only on history taking, physical
examination and some available test results, which may incompletely
exclude the mild or newly acquired conditions.
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CONCLUSION

After studying 214 men (including 104 participants in non-
osteoporosis group and 110 in osteoporosis group), we come to the
following conclusions:

1. Assessment the concentrations of sex hormone, osteocalcin,
B-CTX in men with and without osteoporosis and the correlations
between the concentrations of sex hormone, osteocalcin, and
B-CTX with BMDs.

- The concentrations of sex hormone (but free estrogen index) in
osteoporosis group were lower than those in non-osteoporosis.

- The concentrations of osteocalcin and B-CTX in osteoporosis
group (16.28 + 8.96 ng/ml va 509.20 [382.90-688.10] pg/ml) were
higher than those in non-osteoporosis (13.21 + 5.69 ng/ml va 253.10
[206.45-301.90] pg/ml).

- There were positive and mild correlations between sex hormone
indices with BMDs at lumbar spine, femoral neck and total hip (r from
0.19 t0 0.43).

- There were strong and negative correlations between B-CTX
with BMDs at lumbar spine, femoral neck and total hip (r = -0.62;
-0.74; -0.70).

- BMD at lumbar spine = 0.77 + 0.00013*Testosterone +
0.00772*BMI — 0.00046*B-CTX + 0.00146*FAl

- BMD at femoral neck = 0.67 + 0.00014*Testosterone +
0.00452*BMI — 0.00049*B-CTX.

- BMD at total hip = 0.76 + 0.00014*Testosterone + 0.00711*BMI
—0.00051*p-CTX
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2. Factors associated with osteoporosis in men and predictive
mode for osteoporosis in men

- Factors associated with osteoporosis in men were an increase in
B-CTX and a decrease in total testosterone concentration.

- Logistic regression equation for probability of osteoporosis:
Log(odds(P)) =-8.79 + 0.05*p-CTX — 0.02*Testosterone
3. Cut-offs with sensitivity and specificity of testosterone, estradiol,
SHBG, osteocalcin, B-CTX in diagnosing osteoporosis

- B-CTX showed very good ability in diagnosing osteoporosis in
men > 50 with AUC of 0.95 (CI 95%: 0.92-0.97) and the cut-off of
350.60 pg/ml showed the sensitivity of 82.7% and specificity of
91.3%.

- Testosterone showed fairly good ability in diagnosing
osteoporosis in men > 50 with AUC of 0.87 (ClI 95%: 0.82-0.92) and
the cut-off of 315.10 pg/ml showed the sensitivity of 75.5% and
specificity of 84.6%.

- Estradiol, SHBG and osteocalcin showed no ability in diagnosing

osteoporosis in men > 50.

RECOMMENDATION

- Factors associated with osteoporosis in men were an increase in
B-CTX and a decrease in total testosterone, so it is essential to screen
men for osteoporosis according to the recommendation of screening
osteoporosis for men with increase B-CTX and erectile dysfunction.

- Further research on whether to use p-CTX and testosterone to
screen for male osteoporosis in under-equipped faculties without Bone
Densitometry should be done.
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