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qbstract

Osteoporosis is a metabolic bone disorder characterized by reduced bone mineral density and an increased risk of
fractures. It has significant health impacts and is associated with socioeconomic consequences. Triglyceride-glucose
indices [TyG, TyG-body mass index (BMI), TyG-waist circumference (WC), and TyG-waist to height ratio (WHTR)]
are recognized as surrogate and cost-effective markers for assessing insulin resistance and can be effective in
evaluating bone health and predicting the risk of osteoporosis and fractures. However, according to existing evidence,
the relationship between these indices and bone health can be influenced by various factors such as gender, age,
obesity, and metabolic disorders. There is also evidence of a nonlinear association between these indices and bone
density, where their positive effect diminishes or reverses after reaching a certain threshold. These indices can serve as
alternative and affordable markers for assessing bone health and early identification of individuals at risk of
osteoporosis and bone fractures. Nonetheless, further longitudinal research is needed to confirm these findings across
different populations and to determine the underlying mechanisms. The aim of this review study was to examine the
existing evidence regarding the relationship between triglyceride-glucose indices and bone health.

Keywords: Bone mineral density, Osteoporosis, Fracture, Triglyceride-glucose Index

\— _/

Please cite this article as:
Mohseni Sh, Pejman Sani M. Association between triglyceride-glucose related indices and bone health: A review study.
ijdld. 2025; 25(4):299-307.

[ Downloaded from ijdid.tums.ac.ir on 2026-06-11 ]

*Corresponding Author: Mahnaz Pejman Sani; Email: mpsani@sina.tums.ac.ir
Endocrinology and Metabolism Research Center, Fifth Floor, Shariati Hospital, North Kargar Ave., Tehran-lran. Tel: +9821-
88220038

I: 10.18502/ijdl.v25i4.20238 ]

Iranian Journal of Diabetes and Metabolism
2025; Vol. 25; No. 4; 299-307

Dl

Copyright © 2025 Iranian Journal of Diabetes and Metabolism and Tehran University of Medical Sciences. Published by Tehran University of Medical Sciences.
@ G) @ [This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International license (https://creativecommons.org/licenses/by-nc/4.0/).
amrrmm \Non-commercial uses of the work are permitted, provided the original work is properly cited.



http://dx.doi.org/10.18502/ijdl.v25i4.20238
https://ijdld.tums.ac.ir/article-1-6497-fa.html

» . » % N » . &
Y'VLY‘l‘l."atf”z\\"fdbz\’é/ﬁzm;/;) dyu"/(ﬁoﬁ’)//{)@;w(/‘a&)j/
? ‘ LR

S539.0 Ao 341 gt Cuodw g 35 g5~ g’ (5 5 b T yo S S (o LS

b Oles slge s 315,40
Ol 0l 0l (S p ke olStils (o plin 5 308 2l ke 50Tt 55 o mlitn 5 308 Sligis S 10 =)

ﬁ
o@

. e

w5 JB Il o (SaaSs e L Olpd dne (515 28I S il Ol el Sl (gl S Ol S
~ eS¢ 5 TYG) S 518~ S (5 5] S - S 6 5 gla s .l ol e slazn] — (golasil gladely b 5 axils Cdlw »
[TYG-WHIR) 5 & oS, 55 S 8-y yudlS (55« TYGWO) aS 5 55= S 55-0 oS 55 ( TYG-BMI) Sk 035 &las — 55518
o e 5 Ol Sl S5l s IS e 5 edd bt o el 4 Sglie L5 sl auaeS 5 Sl sl SLES Ol g
il Jolpe 2l o 5 Ol il Sl L st ool Bl 3 50 sl G o il e (S5 Ol S
S 3yl 3 Ol oS15 5 apastls ol o DLl I el g e S 085 S e SR 5 Sl (e i S
b Oske 5 el sl S Olpea l5 e b atls nl 350 oS b SseS LgT S b ol gllind & Odes 3l
Olamen 3525 ool bl Ol el SauSs 5 Ol Sg st (5 5me 3 31 rlf;.a:))' lolis 5 Ol Cdle b)) sl a0
o (Sos e Al cpl Sl CBAa sls sy Sge «5‘-“)‘53"-“ N R R b e e Jsb Dlids 4 5l

331 O s 3 58— oS5 5 a3 e el gl

. S lS 55 e KoK Dl S g s 515148 06y

VECE/F 04 ek gy VECF/NN/YY el gy

1S slawl 5 O 4 lis pl 4

Mohseni Sh, Pejman Sani M. Association between triglyceride-glucose related indices and bone health: A review study.
ijdid. 2025; 25(4):299-307.

[ Downloaded from ijdid.tums.ac.ir on 2026-06-11 ]

ol 5 0uk Slia3 S5 ray Bl < ineb Sliaslan (Mot SIS SLLA (o ipupal (BB Gledy Slige ) gdeus Suivas g0
Mpsani@sina.tums.ac.ir : s o 5 cay  YV= AAYY - - YA 1040

[ DOI: 10.18502/ijdl.v25i4.20238 ]

S M‘o\“jb PRI

ul/!ﬁ/[f}.“/bﬁ


http://dx.doi.org/10.18502/ijdl.v25i4.20238
https://ijdld.tums.ac.ir/article-1-6497-fa.html

[ Downloaded from ijdid.tums.ac.ir on 2026-06-11 ]

[ DOI: 10.18502/ijdl.v25i4.20238 |

S W'\‘Jb PRI

Jaylsan g JSuss

slazel LB Slis K Olgsar (Ll o cowsn TG 5 (FPG)
Slasde w8 B s el @ caslie s Gl
Loy ol Ol (S5 b age LI Gl (Ks (g
P e Al ale Sl slaslae LTYG Lasls S 5
(WHIR) " 03 4y oS 33 G 5 (WC) * iS55 (BMI)
skl TYG-WHER 5 TyG-WC TyG-BMI (sla_asLs
gl sl Gl o GlaedS s S 35
Spe oS3 5 sl 4 Canslie e Alaly Ve A] dnes
Slalllas 5l S0l b se Ol Gdns
Le ol pndl 4 Cuglie U1y Olssaial Sdas (.5\]‘; oeals
b gssn ol S i 5 oS Jls [8] wladls
S e gl 4 Cua gl S lools slgdy 5 03 S 3,
odle [Vr] o5l Olpal Sdse oS15 Sl Col ool
S el 4 caslie b e e )
Sosline Ol gl Cilimes g5 g Ole 3 Ol
b 5SS e W o o3l Bl Tl sl
G o ledul ar s Ol e sl 5 A
o Gl sl g s glajesls cl e S
JS JsadS TG usle cilods slgdy Ol gl S g s
(HDL-C)"™ WL J&s b s oS s sd 5 (TC)
Sy fw s 5 Shes 39 g0 Slallae (J- ol L [VY]
TG o s23lie Ly, 5 Lles S 5158 |, HDL-C LTG
53 DIY] Sl sl sdalie Ol gzl Sy Sl s HDL-C L
ded b SIS slaadie e oS5 slagar s
Syse 53 el slaasl (gh e adlas pl 53 LlaBl anw g
Sl sl LTYG U ks o sla exli 5 TYG bl )|

(23S A e 2550 Ol

O L hip sl el 5 TYG Lasli iwlbw i
(TyG-WHtR 5 TyG-BMI , TyG-WC)
1y pots O L b e gla s li 5 TYG Lasls
= TyG= logarithm [fasting TG (mg/dL) x FPG (mg/dL) /2]
= TyG-BMI: TyG x BMI (kg/m?)

= TyG-WC: TyG x waist circumference (cm)
= TyG-WHTtR: TyG x waist-to-height ratio

TyG u.a;'-\..i &S el el enls QLIS ..L'o)fda dslee

8 Body mass index

® Waist circumference

10 Waist to height ratio

! Total cholesterol

12 High density lipoprotein- cholesterol

-9 P penslSg 3 b ol o slagadld (s bl

4o dRe

LS ol Ol Sple It G Olgszal S
Sl a2 5 BMD)! Ol il Gdas (ST Rl
SESE SR 6 e 5 i paiie g
Slobas plaly 335 0 (oSS e 3 5 Ol
Olse & Ozl Ss (WHO)' clig Sl obole
e b ol Gl /0 Ols o 8 Ol gt See oS5
5 Olgr sl 31 55 Ol oS1 5 SSba I (T-score< Y/0)
Slem gt D535 o s ¢ ol a8 anils (L
53 WV 5 063 53 YYNVL) Gl VA IV Olgaad S
GRIFIL el Sl ana s Jl- o glas S s 5 (0l 5
bas o 20058 5 Olmiad (S5 fed (Sl Comer
BB Sl 4 e S & ol S (el (il s s o
sl a8k opd s Sl Gl e Glaas e ax
Aalllas S5 53 S (o a5 1) Olgmd (S b ablie
23l3 OIS Slal Jlo 00 (VL agas Comez 5o il B
YAL G O3 55 5 YO Ols e 55 Ol sl S s ¢ s FLE W
o b IYT e Sle paed 5l VL Ol ol &S e
3 e Osb ol SO Ol Olpgad (S J-
Lol ol da Sensls g5 Oly b Ll g
IF] s Ol s 51 mdly e sl Sl
KB Skt el Cope 5 oy plebs nlly
ol Gl s Ol (S gt A (sl POl
i Sl ol s il e (ST e
Olgpnal Gdas oS15 5oy sk & ol Olpaal (S
Vb she [E] Sl Lad e Ol (S VL Sl L
S @S5 L e sba e (TG 8 S 5
Y pamn 5SS (VU sl 5 )l (Stan Ol o
o5 Sl Oy 53l sl (AGES) *0 gl IS a8 52y
0] ool Ol gl L2538 el S S (g5 o0
Fe eedplie @l 5 Sl B el ae WS
Ol 4 Caglie e BLII g sdse ) S 5l Ol
oarls [1] das e 0l 1) Olaad cuds 5 (IR) °
il sledly SIS 51 S (TYG) TS8-S 5

! Bone mineral density

2 World health organization

3 Triglyceride

4 Advanced glycation end products
% Insulin resistance

® Triglyceride-glucose index

” Fasting plasma glucose

dl/!(’:}/&) - W



http://dx.doi.org/10.18502/ijdl.v25i4.20238
https://ijdld.tums.ac.ir/article-1-6497-fa.html

[ Downloaded from ijdid.tums.ac.ir on 2026-06-11 ]

[ DOI: 10.18502/ijdl.v25i4.20238 |

S W'\‘Jb PRI

Jaylsan g JSuss

Sl galss oS Conl L s ol VU] AL e 2l
W)‘M?A&)‘MGQTJ} 4\53)13 J}}j LS\A.)LL»T)S\
S oS5 gl e 3 CTYG L ks e sla el

D 558 esSane o L al Jals el Sas Ol gl

Ol gl S 5 TYG slaasls bls,l

Sl yerls &8 das o 0L Clidw Sy S s
ol b el & sl Sl L Olseas VL TYG
A DN daes L Ol Sy et
Sbaraxr 53 1y glosdll il S o> L jlalae il
LUl wallas s [TY] wS S IS el
395 Ol (S5 2les w TYG (als o ()l o
5 TYG-BMI asle TYG L Las o sla asls Gl ccuiln
ssbas sls 0Li Loyl Olyaul Sy ks L TYyG-WC
Oyl Sy s ials L VU TYyG-BMI (olx
A TYGWC Sl o 5V o8 Jlo o iy (Sapon
Sl saas Ol b sl Uil Ol S
2 TYG L L, il glaasls Jlas! oojline
0P slre 5 adlllae 550 Comar 4y atis Ol il Sl
Gl dilois s s (g ST ] ol eslinad 35
5 TYG & Lass SIS rmes Sop kb
Stan Oyl (S5 o b 0T L bas e slaarl
a Cglie o et o ddal ) SGosdas OLAS oS Ul e
o583 ,0l8 Sl banly pl ol Ol (S15 5 sl
Sl s G Sl Ol TYG L b e sla e ls
el oS Dl (S 5l 5Ky sz paly 5 i
Lo e Olnal St w1 et e 4 atals > Sles
oxebs B daasl ) W] S e Glandy S
oS sl s gla KL Olssa L) TYG (sla L
Dbopan Ll S o wtr 2 Ol (S0 o 2lsl sl
o sy pl 04 sy sl i Olids 4 3L s
31 ST bl sla, S5l s 5 Ciliies sl anas

Ol el (Kol Jhas s TYG (sla jasLs bl |
LG b TYG e asli ourse dalpd > b
b Sl KaSs o g0 (FanSs st (1l L e 5
Wl S gl oS 6lyls slacames 55 b Sausls

4 Fragility fractures

-9 P penslSg 3 b ol o slagadld (s bl

L alie (85 o 4 Osde 5 o3le o0 S0lr S Ol pen
Jis 5 (HECT) ' Kool s o sl on 5,8 ST
35 (HOMA-IR) "o sl o Conslie Soliw g pn L5l
23 oS sba b 5 osol sl 4 ceslie L)

IV 8] 550 e esbinal 350 gkl 5 il Slallias

Ol el ko o515 L TYG (slaas s b3l

Sl skl slajasle 5l (S Ol Sdas oS1 5
I CEU PPV PRI JC STCI G RS CI IR
Slen 5 2lE w5 O (e (o dex
Ol Kaass ot Sl e s auls 3 Sl
Gl asle s p 4 il Sldlas [10] 355 0 LS4
Sl s dr a lastls Ol WS15 5 TYG
Llosls Lz a5 S 5 alaie S5 Slalllas & Ao
Mlse b 5l m TYG lagatls W pghu &
AV Ol (e (S15 L (e 58 BB sbar oiS s
53 sl ol DNWV] i bag e Sl S b s
adlas 5y el Sl e g edowie OV sl amar
TYG o |y (obsbiae Coite Sla Saimad codoeie VLI 53 e
S oS5 5 TYG-WHIR 5 TyG-WC TyG-BMI
TYG- sl bl pl oyl s esls OLEs o S Ol gsenad
S A TYG-WHIR 5 TYG-WC O 5l w535 50 BMI
L pde b e Byl s s e e [IV] il
sliza s AT Wles S ke algmas S0 3 1
Molse sle 5 w0l (o Jdsa col San Slallas
sl Sl 4 Sl F 5wl S pbke
s 5 (e Ve 5) S0l S35 0L5 L i
DIWVeY ] oS o oLl

SIS e e BLl gsaaze Sladlae s (g g
L TYG Gl asls & Sl & (gysba S .
Sl K, 513 ol sl s 5l s e gla e ls
Al adlasilis oS opd o0 b b LS Ol il Gdas oSS
Vol ol 5250508 348 5 3 058l ae 5,550 L gl
S L3S edalin adlas G s Jle Olgea [V WV
50 TyG-WC 5 TyG-WHIR TyG-BMI & _.lKis

MOMQ@%J@ ‘.U))JS\JEJPVL;LAAJLLAT

! Hyperinsulinemic-euglycemic clamp technique
2 Homeostatic model assessment of insulin resistance
% Thresholds

dl/!(’:}/&) - W



http://dx.doi.org/10.18502/ijdl.v25i4.20238
https://ijdld.tums.ac.ir/article-1-6497-fa.html

[ Downloaded from ijdid.tums.ac.ir on 2026-06-11 ]

[ DOI: 10.18502/ijdl.v25i4.20238 |

Jaylsan g JSuss

s e Ol «S syls (BTM)" Ol gzl u.:::ﬁ L;Lajfil..i.}
shdszal a5 Ol gl S3lesl g e G el 4 e gl
2ol b adlas ol e ST S e 5t Seess
ST S5 dem dhast ol 5 Bl gy S et TYG Laxls
35 Lled Juld) TYG 5l ead 2ie lajaxls oS 5 S
gl &S das e Ol emes Hegbg dalis S
Osi gl SanSs ol San TYG L ks o sla o ls
S S Lo S pees Olgtial S 5l 5131, ol 2
b bas e b5l 5 55 0 Pl PSR L opdl sba
gm@&&@ﬁrsjdsﬁ)lf ey sl Sl ol g
u.(‘.w&.zj]a} f@”j wlls Gl 1y Glosdl sla sl
e Slp Gt Dladed LS e el L e o

el 3L 5550

Ol g5 o Calae

TYG (sla arls Lol Osal ol sla iass slaasl
w\ GJ.L.); ‘\jb‘ \ J)J} BE) Q‘)}M‘ CM}L&}

2 Bone turnover markers

-9 P penslSg 3 b ol o slagadld (s bl

Ll Ol (S5 00 g Cubs 4 e il 0L
S ol esls OLE i Olides cpsees [TF] Kles s
3 pres SaCamer 3 SeSE L TYG jasls
il S S Olgea 5 ol b e 30 als Olay
ot e i A8 s e SoaSs Jlazl 6l dude
Caglie 5l 20 S ple Dl ond b5 5 Conl oy abal
Soa 55b Ol oSl 5 3lel oS il w
o Sy [YEC Y] sad e s Sakauly (LIS e
S S5 A A e 5l Gy Sledlbl oS el
5 L Ol JeSe 5 TYG Lerls e bl
3 TYG Lasle &S Jjs 58 aul cilies glacunes
Ol e oS15 L paBlie Sablisl baes S 05 5
Srean GV (SaeSs o Lpsle sk a Bl ol 0L
Bije slasartls o 55 AST oman s cnl ol
Ll 5 o TYG-WHIR 5 TyG-WC TyG-BMI 1l TYG L
At skl s less Bl ol (Bl felse plesl L
JICGCRCH I i PUCI I SO JS STt S P K GO
S g |y Ol ol g w38 s Sl
bl S5 Kanad8 ddllas el o esdle [YE] LS o
VOl Seosl ol b KaSs 4 Y Ohle
L b glaal, TYG a=li a5 sls olis (OPFs)

! Osteoporotic fractures

O g3l iades b TYG (slagailiss ol ) (3 gol yaa yad! Siladllas sladisl -\ Jgaa

Jﬂ/dbb}}d%/w%cj )W‘dbgaxﬁjru

Oyl Sg s 2alS L N TYG-BMI
TYG-WC «ils  San O3 13 o 4 TyG, TyG-BMI, TyG-WC
cls bl et I8k VL
A b etes b TYG L s o gla ol
il bl WL Sesls
oS5 5 sty Jls Las e BL3|

TyG

oL S Ol gl Gdae
e i et 2 TYG, TyG-BMI, TyG-WC,
o2 lE Odeny 5l e s e 8 5 (slalzad Y %yG_WHﬂ%’

TV (gobs/ iy 5,3 EYV / _akaie YaY0 O Kan s Jia

Oer [Y+]

Sl,@ A e Sl i/ et 3 Ol Sen 5 Yousefiasl

L0801/ NHANS ledbl/ akis  Y+YE O)Ken 5 Tian

sdowe WU/l ¥ o ke 1]
.JJ;‘-;A
8 G KL o e sSme ot 8 i Ldle v (VL 5 3 YOOA/ sk YoYe OLSea 5 Xu
TyG -
o Jle Ve sl bl 0l s ablows bLS YoYs O, Kan 5 Hung
- A o TyG x| A YOV alade
Ol Sdme o515 5 TYG [£4]
_W'\‘Jb Pl XOm dl/!(’:)/&; -

Yor



http://dx.doi.org/10.18502/ijdl.v25i4.20238
https://ijdld.tums.ac.ir/article-1-6497-fa.html

[ Downloaded from ijdid.tums.ac.ir on 2026-06-11 ]

[ DOI: 10.18502/ijdl.v25i4.20238 |

] W'\‘Jb n‘s/tf A1)

Jaylsan g JSuss

Ql;\ﬁ&ijéugju:ﬂ.x_s‘u
Olsenad Cadlas s sl 4y o glia
yuyti@»wduudz;m@u
Ol il gdas VS\J:LgTyG TyG
SIplie 5 mar sl ite 56 Jlaz|
Sl 5t LS 5L TYG Lesls cuie LU

e ¢ g TyG
ol sl 0L 5o Ol gl Sausls

-9 P penslSg 3 b ol o slagadld (s bl

SV by L OYLS )5/ sabaie YovY Ol ea 5 Zhan

odxle [VY]

ijg,\ili;@)&:,au\ioj\‘\“/&lab YoYY OLSea 5 Pan
B (Y]

‘_;.!JM VS‘JJ}TyG'BMI w.t.bl.ﬁ)‘ .})jﬂ DL QM cdl}
bl (i pasein Olgtal Sdas oS5 5 TYG-BMI
Jat il 5 5V ol s o515 L S by il
caw Sl s Klg e onl VY] el fag e SSCa
LB[% J‘Jﬁ‘ DL (IGF'l) f'\—d:j),w.o‘ 4.\.».:1 .,\,,3) )}:Sb L;‘J’“’
[YYvevye]

KB ol b oS ss Lli S TYG-WC Laxls
S bk el 4 caslie b U516l slezs!
o p 94 WOL ST @)}J U‘DL":’ ‘YLZJQSJJJ el ‘;&M
255 S BLOS e bl 4 plisl
Las o u:"i‘ﬁ\ I U,JJMJ‘ Q@jwk}jebﬁw
[Yocv1]

Q\),..G‘bj.l.s& 6;5)\x‘.ﬁMW\)Ja5)jJWHtR
Fr 3 A Jes g5 Sl Sie el S
C,..\..ﬁ :LEJ\) TyG'WHtR 45 C,..w‘ IS 03\) Ql...:u le.kd
S8l e 3 el 5 e Ol sl L Wl
[YV] S0 acils 28 Ol gsenal Osls S 31 s

32 Llg e atls ol glolad T Ks (g
oyl 2 sl iy b b Sl AL el s

03 5 kb S s LB sba el 4 conles

4 Insulin like growth factor-1

o L TYG lajesls byl Jlas! b, 50
Ol g5l

Ol il Sdae rSlJJ 5 TYG Laxls bloyl 585 55
LL\J)‘ Qﬂ'\ DL .Ld\j:& L&)lS)Lw ff C,'w‘ okis aslll

5 s TS A e sl 4 Caslie L s
oS3 el 4 e 35 oS 33,5 n el GHIH La
gl SRIB s e 3 IYV] 58 e Ol
(L-6) M-Sl e 51 ot GlanS s
el (TNF-a.) LU TRE Jole s (IL-1)" V=S 8 ]
gl IYA] 355 e edaline o) sl 4y o glie 4 Dlie 5131 s
SISl S gk 5 ey
Ol gl 051y s 3l B s RANK/RANKL/OPG
ol [YAT s e el 1 lacoS gl s 5 sl
sdalie 5xU L Laslae LLII s ool S a8 50
ol 518 Olppal Sdxe (oS15 5 TYG Ll (ol
Al el Olalles bow i

» odle TYG-WHIR 5 TYG-WC TyG-BMI sl 2L
L;{:;KA CJ\JJ‘ J.;.]bﬂ\.: Lolaa d.l.: A CUJ; 9 o)(.)q‘ LS\J"
ol o ey (a0l 5 i HLEs) Waolgaal 5 3L
Q;E-"Jﬁ-“}“)‘:’ﬁ:-!. w‘u&dl}ﬁwl CA.AW)LAU@-L&
DL Er )j.w.é)]é .1:..,:}3 )L. Uﬁj)‘ 6‘1.: LY cTyG'BMI yu
Olgea il S a3y alo wile 3l s el
s 3 ol w Sl s S e Sl
15 el ol slely HOMA-IR & ol g Sl
S LT sl sl 4 caslie b Sn s bLS I Sl

Y Interlukine-6
2 Interlukin-1
% Tumor necrosis factor- a

ul/!ﬂ'})&)_"/bﬁ
Yot



http://dx.doi.org/10.18502/ijdl.v25i4.20238
https://ijdld.tums.ac.ir/article-1-6497-fa.html

[ Downloaded from ijdid.tums.ac.ir on 2026-06-11 ]

[ DOI: 10.18502/ijdl.v25i4.20238 |

S W'\‘Jb PRI

Jaylsan g JSuss

(2l (250 e (e Jols oS Jsusie Julse foas
Lol Ao glagls Jre) Ll pae (G ol
AL ol Kile) laey Glagoben (ladsi, S
sTYG sl axli g5, » o 8 S5 Sw 5 (a8
2B S pdypeand 5 s d31S S Ol il Cdle o
Ll cpl mwolael Gz (ulg 3 S oo odzmy 5 1)
Oldlas oL la Lol 5 TYG sla jels el
AU Gl oKer Slatgmer b Syl Sk
5 Sy S ol wbe Gleses g S-Sl
Sl Gladbsly (sl 4 e kiS el slaole s
- 5 S wledibl k;)j@}. Gos Ga S At (g5 ,0
Ok 555 mis 5 gladhie g 5 gl e )
5 TYG-WC TyG-BMI (TyG o bls | il gl — o>

Oyt S gy st 5 Ol Gdss oS15 L TYG-WHIR
el Sl s

Bl o,
b oSz b5 33l candlan cpl Oty 51 plUS o

LI Wle gl Ll gl bl sl

Z
S sl
i o us u‘“‘t J L;!L“ CLM C3bys O anllae ol
S US4 b Wl Coals g Loy LS el

RGIRY

References

1. WHO. Scientific group on the assessment of
osteoprosis at primary health care level. 2016.
Available from:
www.who.int/chp/topics/Osteoporosis.

2. Fahimfar N, Hesari E, Mansourzadeh MJ, Khalagi
K, Sanjari M, Hajivalizadeh S, et al. Prevalence of
osteoporosis in the Iranian population: a systematic
review and meta-analysis. Journal of Diabetes &
Metabolic Disorders. 2024; 23(1):229-37.

3. Kuo TR, Chen CH. Bone biomarker for the clinical
assessment of osteoporosis: recent developments and
future perspectives. Biomark Res. 2017; 5:18.

4. Siris ES, Adler R, Bilezikian J, Bolognese M,
Dawson-Hughes B, Favus MJ, et al. The clinical
diagnosis of osteoporosis: a position statement from
the National Bone Health Alliance Working Group.
Osteoporos Int. 2014; 25(5):1439-43.

-9 P penslSg 3 b ol o slagadld (s bl

Oyoosn o ol gl [TA] 555 00 53T (6 s s st
il 3 Shes [T4] ol e gzl 3 Sl S b
e b Ssuml S e S 1 S iedlsal o
Sl JSKa5 2 YL 0 A8 ae Sl G 51 5 AS e
Koo 45 ol 0303 Ol Slidss [80] AS o (5,8 sl
55 1 ezl pla 5 5SS el glaeks S
5> Hb lacadl gzl [EV] das e Sl ALL (sla 5 5
[EY] dS o Ol 1) o sed] Glaeds (8 50 CiS o
b o saane SIS o e G b S oSl 5
LS od DS L Sl XSS e 1B sl
Slescatle 5 LS e s |y Sl S 31 L3 J31([EY]
5 Sl S (s g ) [88] s e SRl
sl S 4 IGF-1 Jlasl Bl ol 4 Caslie
5> P 4 e 5 e e ol G5
i G Ol (3Ll 2 6 35 e ol gl SIS
Sy 0ol S I L e Blr [£00 £1] 5,108 s
4 e oS Sl b e Thy-1 0Ly 0as 546l 5 Dock 7
© e s @ e GRIP 5 Ol il ol

L8008V EAT 545 o Ol szl L2555 JDlest]
Kl TYG L Lipe glbajerls wods by
5 Ol Cadl oLl sl 1 apn oS 5 o5l slasll
Lo il b des s SeSS ke iy
3Bl &S Llesgy ahie Dopsoa Sl 15k
Sl @l S e S apde e slagl
Sl s s sla iy 5o SsKeal 31 ol LS e
5 b S il Ol e oS5 (5 Sesll

5. Cipriani C, Colangelo L, Santori R, Renella M,
Mastrantonio M, Minisola S, Pepe J. The Interplay
Between Bone and Glucose Metabolism. Front
Endocrinol (Lausanne). 2020; 11:122.

6. Tencerova M, Okla M, Kassem M. Insulin Signaling
in Bone Marrow Adipocytes. Curr Osteoporos Rep.
2019; 17(6):446-54.

7. Er LK, Wu S, Chou HH, Hsu LA, Teng MS, Sun
YC, Ko YL. Triglyceride Glucose-Body Mass Index
Is a Simple and Clinically Useful Surrogate Marker
for Insulin Resistance in Nondiabetic Individuals.
PLoS One. 2016; 11(3):e0149731.

8. Kim HS, Cho YK, Kim EH, Lee MJ, Jung CH, Park
JY, et al. Triglyceride Glucose-Waist Circumference
Is Superior to the Homeostasis Model Assessment of
Insulin Resistance in Identifying Nonalcoholic Fatty
Liver Disease in Healthy Subjects. J Clin Med.
2021; 11(2).

dl/!f’:}i&: - W



http://dx.doi.org/10.18502/ijdl.v25i4.20238
https://ijdld.tums.ac.ir/article-1-6497-fa.html

Jaylsan g JSuss

9. Shin D, Kim S, Kim KH, Lee K, Park SM.
Association between insulin resistance and bone
mass in men. J Clin Endocrinol Metab. 2014;
99(3):988-95.

10. Cherif R, Mahjoub F, Sahli H, Cheour E, Vico L,
Sakly M, Attia N. Positive Association of Obesity
and Insulin Resistance With Bone Mineral Density
in  Tunisian Postmenopausal Women. J Clin
Densitom. 2018; 21(2):163-71.

11. Kim HJ, Jeong S, Oh YH, Park SJ, Cho Y, Park SM.
Changes in high-density lipoprotein cholesterol with
risk of Cardiovascular Disease among initially high-
density lipoprotein-high participants.
Cardiovascular Diabetology. 2023; 22(1):71.

12.Zhan H, Liu X, Piao S, Rong X, Guo J. Association
between triglyceride-glucose index and bone mineral
density in US adults: a cross sectional study. Journal
of Orthopaedic Surgery and Research. 2023;
18(1):810.

13.Luo P, Cao Y, Li P, Li W, Song Z, Fu Z, et al. TyG
Index Performs Better Than HOMA-IR in Chinese
Type 2 Diabetes Mellitus with a BMI < 35 kg/m2: A
Hyperglycemic Clamp Validated Study. Medicina
(Kaunas). 2022; 58(7).

14.Kang B, Yang Y, Lee EY, Yang HK, Kim HS, Lim
SY, et al. Triglycerides/glucose index is a useful
surrogate marker of insulin resistance among
adolescents. Int J Obes (Lond). 2017; 41(5):789-92.

15. Fabiani R, Naldini G, Chiavarini M. Dietary Patterns
in Relation to Low Bone Mineral Density and
Fracture Risk: A Systematic Review and Meta-
Analysis. Advances in Nutrition. 2019; 10(2):219-
36.

16.Tian N, Chen S, Han H, Jin J, Li Z. Association
between triglyceride glucose index and total bone
mineral density: a cross-sectional study from
NHANES 2011-2018. Scientific Reports. 2024;
14(1):4208.

17.Lai T, Su Z, Chen R, Luo G, Xu S, Fang H, et al.
The association between different insulin resistance
indexes and bone health in the elderly. PLOS ONE.
2025; 20(2):e0318356.

18.Hung YT, Yu TH, Alizargar J. Insulin Resistance
and Bone Mineral Density: A Comprehensive
Examination Using UK Biobank Data. Healthcare
(Basel). 2024; 12(24).

19.Yoon JH, Hong AR, Choi W, Park JY, Kim HK,
Kang H-C. Association of triglyceride-glucose index
with bone mineral density in non-diabetic Koreans:
KNHANES 2008-2011. Calcified Tissue
International. 2021; 108(2):176-87.

20.Jia F, Lu Y, Wen H, Tu J, Ning X, Wang J, Li P.
Correlations Between TyG-Related Indices and
Bone Health: A Cross-Sectional Study of
Osteoporosis in a Rural Chinese Population.
Diabetes Metab Syndr Obes. 2025; 18:1445-58.

21.Zhuo M, Chen Z, Zhong ML, Lei F, Qin JJ, Liu S, et
al. Association of insulin resistance with bone
mineral density in a nationwide health check-up
population in China. Bone. 2023; 170:116703.

22.Chen H, Hu J, Li J, Li Q, Lan L. Association
between triglyceride-glucose index and femoral
bone mineral density in community-dwelling,
nondiabetic men and women: a NHANES analysis
of 1,928 US individuals. Menopause. 2024;
31(7):626-33.

23.Pan J, Huang X, Wang Q, Sun J, Zhai Z, Mo J, et al.
Triglyceride Glucose Index is Strongly Associated

[ Downloaded from ijdid.tums.ac.ir on 2026-06-11 ]

[ DOI: 10.18502/ijdl.v25i4.20238 |

S \\‘a\‘db PRI

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

w9 359 sl 6 53 b Jasi o slagadld G bl

with a Fragility Fracture in Postmenopausal Elderly
Females with Type 2 Diabetes Mellitus Combined
with Osteoporosis: A 6-Year Follow-Up Study. Clin
Interv Aging. 2023; 18:1841-9.

Yousefiasl M, Soltanattar A, Ezzatollahi Tanha A,
Azami P, Alaei M, Alamdari AA, et al. Association
of triglyceride-glucose index with bone mineral
density and fracture; a systematic review.
Diabetology & Metabolic Syndrome. 2025; 17(1):77.
Xu J, Guo SH, Xu MZ, Li C, Gong YQ, Lu K. The
association between the triglyceride-glucose index
and bone turnover markers in osteoporotic fractures
patients aged 50 and above who are hospitalized for
surgical intervention: a retrospective cross-sectional
study. Front Endocrinol (Lausanne). 2024;
15:1418271.

Liang J-q, Xu J, Cao Y, Wei Y-I, Lin G-j, Jin J, et al.
Association between triglyceride-glucose index and
lumbar bone mineral density among Chinese
individuals with osteoporotic fractures: a cross
sectional  study. Scientific  Reports.  2025;
15(1):15686.

Conte C, Epstein S, Napoli N. Insulin resistance and
bone: a biological partnership. Acta Diabetol. 2018;
55(4):305-14.

Bhol NK, Bhanjadeo MM, Singh AK, Dash UC,
Ojha RR, Majhi S, et al. The interplay between
cytokines, inflammation, and  antioxidants:
mechanistic insights and therapeutic potentials of
various antioxidants and anti-cytokine compounds.
Biomedicine & Pharmacotherapy. 2024;
178:117177.

Ponzetti M, Rucci N. Updates on Osteoimmunology:
What's New on the Cross-Talk Between Bone and
Immune System. Front Endocrinol (Lausanne).
2019; 10:236.

Zoch ML, Abou DS ,Clemens TL, Thorek DLJ,
Riddle RC. In vivo radiometric analysis of glucose
uptake and distribution in mouse bone. Bone
Research. 2016; 4(1):16004.

Simental-Mendia LE, Rodriguez-Moran M,
Guerrero-Romero F. The product of fasting glucose
and triglycerides as surrogate for identifying insulin
resistance in apparently healthy subjects. Metab
Syndr Relat Disord. 2008; 6(4): 299-304.

Palermo A, Tuccinardi D, Defeudis G, Watanabe M,
D'Onofrio L, Lauria Pantano A, et al. BMI and
BMD: The Potential Interplay between Obesity and
Bone Fragility. Int J Environ Res Public Health.
2016; 13(6).

Yan J, Herzog JW, Tsang K, Brennan CA, Bower
MA, Garrett WS, et al. Gut microbiota induce IGF-1
and promote bone formation and growth.
Proceedings of the National Academy of Sciences.
2016; 113(47):E7554-E63.

Zhao Q, Li Y, Zhang Q, Zhang M, Ban B.
Association between serum insulin-like growth
factor-1 and bone mineral density in patients with
type 2 diabetes. Frontiers in Endocrinology. 2024,
15:1457050.

Kahn SE, Hull RL, Utzschneider KM. Mechanisms
linking obesity to insulin resistance and type 2
diabetes. Nature. 2006; 444(7121):840-6.
Wahrenberg H, Hertel K, Leijonhufvud BM, Persson
LG, Toft E, Arner P. Use of waist circumference to
predict insulin resistance :retrospective study. Bmj.
2005; 330(7504):1363-4.

dl/!(/jit:‘:_“/b}f’
Yol



http://dx.doi.org/10.18502/ijdl.v25i4.20238
https://ijdld.tums.ac.ir/article-1-6497-fa.html

[ Downloaded from ijdid.tums.ac.ir on 2026-06-11 ]

[ DOI: 10.18502/ijdl.v25i4.20238 |

S W'\‘Jb PRI

Jaylsan g JSuss

37.Sridharan K, Cherian KE, Kurian ME, Asha HS,
Paul TV, Kapoor N. Utility of anthropometric
indicators in predicting osteoporosis in ambulant
community dwelling rural postmenopausal women
from southern India. Tropical Doctor. 2020;
50(3):228-32.

38.Shanik MH, Xu Y, Skrha J, Dankner R, Zick Y,
Roth J. Insulin resistance and hyperinsulinemia: is
hyperinsulinemia the cart or the horse? Diabetes
Care. 2008; 31 Suppl 2:5262-8.

39. Thrailkill KM, Lumpkin CK, Jr., Bunn RC, Kemp
SF, Fowlkes JL. Is insulin an anabolic agent in
bone? Dissecting the diabetic bone for clues. Am J
Physiol Endocrinol Metab. 2005; 289(5):E735-45.

40. Mieczkowska A, Mansur SA, Irwin N, Flatt PR,
Chappard D, Mabilleau G. Alteration of the bone
tissue material properties in type 1 diabetes mellitus:
A Fourier transform infrared microspectroscopy
study. Bone. 2015; 76:31-9.

41. Thrailkill KM, Liu L, Wahl EC, Bunn RC, Perrien
DS, Cockrell GE, et al. Bone formation is impaired
in a model of type 1 diabetes. Diabetes. 2005;
54(10):2875-81.

42. Avnet S, Perut F, Salerno M, Sciacca L, Baldini N.
Insulin receptor isoforms are differently expressed
during human osteoblastogenesis. Differentiation.
2012; 83(5):242-8.

43.Uchida T, Nakamura T, Hashimoto N, Matsuda T,
Kotani K, Sakaue H, et al. Deletion of Cdknlb
ameliorates  hyperglycemia by  maintaining
compensatory hyperinsulinemia in diabetic mice.
Nature Medicine. 2005; 11(2):175-82.

44 Ferron M, Wei J, Yoshizawa T, Del Fattore A,
DePinho RA, Teti A et al. Insulin signaling in
osteoblasts integrates bone remodeling and energy
metabolism. Cell. 2010; 142(2):296-308.

45. Imerb N, Thonusin C, Chattipakorn N, Chattipakorn
SC. Aging, obese-insulin resistance, and bone
remodeling.  Mechanisms of Ageing and
Development. 2020; 191:111335.

46.Rosen CJ, Motyl KJ. No Bones About It: Insulin
Modulates Skeletal Remodeling. Cell. 2010;
142(2):198-200.

47.Barker TH, Hagood JS. Getting a grip on Thy-1
signaling. Biochimica et Biophysica Acta (BBA)-
Molecular Cell Research. 2009; 1793(5):921-3.

48.Paine A, Woeller CF, Zhang H, de la Luz Garcia-
Hernandez M, Huertas N, Xing L, et al. Thyl is a
positive regulator of osteoblast differentiation and
modulates bone homeostasis in obese mice. The
FASEB Journal. 2018; 32(6):3174-83.

49.Hung Y-T, Yu T-H, Alizargar J, editors. Insulin
resistance and bone mineral density: A

-9 P penslSg 3 b ol o slagadld (s bl

comprehensive examination using UK biobank data.
Healthcare; 2024: MDPI.

dl/!f’:}i&: - W



http://dx.doi.org/10.18502/ijdl.v25i4.20238
https://ijdld.tums.ac.ir/article-1-6497-fa.html
http://www.tcpdf.org

