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QuLWiJﬂ’J”IﬁJLﬁENG]?JﬂiuﬂﬂWﬂ (fracture) agnsfitudAgy mnaﬂwﬂaﬂwuw
dnmensegniinyng 3 i Tﬁﬁlwmm hip fracture Uszanau 1 Tu 5 (Sovay
20-25) ade¥inn1elugag 1 Yusn msiliadelsanszgnguaie DXA Dual
energy X-ray Absorptiometry) Lﬂu%%ﬁl%‘lumim’m‘?ﬂﬂmwmLLﬂuﬂsxcg]ﬂ
(bone mineral density; #n@A1 T-score Weosniwsawinfu 2.5 daudu
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inauginisIiadulsansznnnguniu 2020 AACE Diagnosis of Osteo-
porosis in Postmenopausal Women' finnsii FRAX"(Risk assessment of
osteoporotic fracture) unltlunisiiadesaumeiu T-score unnuiloly
ynmsdlunsine deil

1. T-score -2.5 or below in the lumbar spine, femoral neck, total
proximal femur, or 1/3 radius

2. Low-trauma spine or hip fracture (regardless of bone mineral
density)

3. T-score between -1.0 and -2.5 and a fragility fracture of proxi-
mal humerus, pelvis, or distal forearm

4. T-score between -1.0 and -2.5 and high FRAX® (or if available,
TBS-adjusted FRAX®) fracture probability based on country-specific
thresholds
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TunsUszdiu secondary cause 9991 osteoporosis WlARuAnS
dnUsziiinll bone pain %o proximal muscle weakness SNQU’JUE]W:J
aAmz osteomalacia NMsnTIINBIURURNSLAMA CBC, calcium, phosphate,
25-0H vitamin D, albumin, alkaline phosphatase, creatinine, urine calcium
Wy ﬁ'ﬂLﬂiué’ﬁﬁ primary hyperparathyroidism agwu elevated calcium,
decreased phosphate Uagsgau PTH g4 Tu%’ﬁﬁm’w osteoporosis S¥AU
calcium, phosphate, PTH wag ALP aiseglusediuund (ALP g
aqﬁulé’) dm3U Chronic Kidney Disease-Mineral and Bone Disorder
(CKD-MBD) NV phosphate, ALP uaz PTH g4 Tne calcium ®19anag
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1$uA The International Osteoporosis Foundation and European Society for
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ESCEO; 2020)°, AACE/ACE Guideline (2020)1, Endocrine Society (ES)
Guideline 2020 uaz The North American Menopause Society (2021)°

IOF/ESCEO 2020° dnutsnguiiae osteoporosis aaniliu low risk, high
risk waz very high risk Ingld FRAX dau AACE/ACE 2020 azdnuusnguiu
high risk el gfignAfiadedndu osteoporosis uallalldfimnundesgann
TumsiAnnszgniin uazngudiiu very high risk 19y recent fracture (anelu
439 12 (ouiiniumn), very low T-score (Woenin -3.0), very high fracture
probability by FRAX (11 major osteoporosis fracture>30%, hip fracture
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spine <-2.5 %38 FRAX: 10-year hip fracture risk >3% %30 risk of
MOF >20% mmzﬁﬂfju very high risk 9zl multiple spine fractures Waz
BMD T-score i hip %30 spine <-2.5
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- Teriparatide 2 U u&Snwsesme bisphosphonate #3s denosumab

- Romosozumab 1 U udshwsiosne bisphosphonate #3e denosumab

Tunsaifililanansald teriparatide %3e romosozumab wuzihlild
#1da zoledronic acid 3o denosumab nsd@llanunsaldeninanle
T¥asanen bisphosphonate @flnsulseyu Wy alendronate 3o
risedronate

Bisphosphonate L‘lJ‘LlEﬂiﬂw’liiﬂﬂiuﬂﬂ“/ﬁuwaaﬂqwﬂﬂEJﬂ’liL“ZHi]‘U'V]
Wumﬂium wazdudy osteoclast memmumimﬂ bone resorption
Iﬂﬂ&mmmulﬂﬁu farnesyl pyrophosphate synthase (FPPS) dlesudssmuen
bisphosphonate EJwmmmaaﬂmq'ﬂaanwﬂswmmaaaw 50 lpwen
8nievay 50 sgluazauiinszgn laslamizegnade trabecular bone
&4 risedronate uay zoledronate wua:uamﬂmﬂumaawawaﬂlumimnmm
lu vertebral fracture, nonvertebral fracture Way hip fracture LWuLReniU
denosumab Waz romosozumab mmu alendronate 3% mauaﬂsm
vertebral fracture e hip fracture winu Tnemanmsiineilu nonvertebral
fracture lunudsddgmnsadinainnisdne FIT-1 wag FIT-2 study dmsu
M3l risedronate ariifoyansfinusessulssdvsnavesenain VERT-
NA, VERT-MN wag HIP study”

Bisphosphonates:
bind to bone and inhibit osteoclasts at the bone surface
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nlassasluanaveseiungy bisphosphonate v R2 chain o)
fi9 potency (AIMUWI4) mawﬂumsaum FPPS #flnadiuda osteoclast
IG]EJF’YJW?JLLN“UENEJ’]LEENm@Uﬁ]WﬂﬁﬂUGHWu zoledronic aod > risedronate
> ibandronate > alendronate @3u R1 chain i]“”U\‘i‘Um affinity %30
ANUTBUIUVBIENIU  hydroxyapatite ‘Ua&ﬂix@fﬂm&l affinity  ¥®98137n
mﬂlﬂﬁaﬂﬁﬂﬁ zoledronic acid > alendronate > ibandronate > risedronate

R2 chain = Potency

(FPPS inhibition =
osteoclast inhibition)

R1 chain = Affinity
(binding hydroxvapatlte ~> bone
uptake and release, diffusion)
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(<-2.8 total hip %30 <-3.0 lumbar spine) Thdenld osteoanabolic 1Hu
mudenusn nsdlveanslien bisphosphonate Wud1dns1NTsLAn bone loss
9¢l1igann #afu denosumab fivgaeiuddesliorviadummnndeiaue
flesandnsnisifin bone loss Aeudnsgs eenslsfiniu nsuganisly
teriparatide, romosozumab, hormone therapy uaz raloxifene flay
fln31im bone loss Tuld Fsaziinsld sequential treatment anwsn

nsdsuninunssgnnguanedausnidusindl 2 dawase BMD
uwaneet “a1sideuan denosumab 18U romosozumab finsinwn
fisesduin spine BMD Atudmiay’ Joyan1s@inw11n DATA-Switch study’
wuiinsiUasuann denosumab (24 iew) «Ju teriparatide (24 iew)
9NUEl bone loss Taslanizetedail total hip WU 2 T (0.7%) udns
Waswrinvesw91n alendronate (LaaEJi“EJ”L’Jm 29.2 o) 1Hu terlparatlde
(24 Hiau) azwu bone Loss (-0.6%) 7 total hip Uszunu 1 U windeanniiu
total hip BMD aufiniu (+2.1%) \dloussidiudl 24 Weu egalsfinu
WUIMSLAY teriparatide L‘ﬁwlﬂ’lumi%ﬂmluﬁﬁlﬁ%u alendronate g
191 combination therapy ey hip BMD 61

AsANYINAYDY risedronate mﬂumamm (generic drug) ¢i® bone
resorption marker ez BMD Iuwﬂmd’limuﬁllli”mLﬂauﬂ:ﬂﬂﬂ”ﬂi”ﬂﬂWiu
Ty Suwan uazAmy (2024) 1mausammi'mmiﬂﬂmmwm 80 318
(Andeenginiu 65.2 + 6.6 T) Tnelv oral risedronate w11A 35 mg dUai
av 1 aSe iuszevnm 52 e

Bone turnover Usznausig 2 AT¥UIUNIT AB bone formation
Tnelwag osteoblast fiWALNIAN mesenchymal stem cell wag bone

force®

resorption IﬂEJL‘naé osteoclast #WAUILIAIN hematopoietic stem cell
AN LJJEJJJﬂ'liﬁa’lﬂﬂiuﬂﬂﬁlullﬂiw‘u’)uﬂ’]i split cross-linked mature
collagen miﬂmﬁ’mﬁ]ﬂ‘d bone turnover marker lauA N-terminal

propeptide of type | procollagen (PINP) wag C-telopeptide of type |
collagen (CTX-1) Fald healthy untreated premenopausal women L{u
reference ranges WavaNIAINNTANUSTANBNATDINITSNY W50 early
response 71 3-6 auld osannsld BMD Tunsiinundesiiansanii 1 9

Bone turnover includes two processes:
Resorption (removal of old bone) & Formation (laying down of new bone)
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NaN1IANEIUTEANENAUDY generic risedronate WUl bone turnover
marker ufidnsaunisfinuis 2 wisifimesanasesnsditoddymadlds
risedronate iflofian3au1 CTX level wuinanasiouas -36.4 wazdouay -36.4
71 12 Sawinar 52 & ud U uay PINP anawwiiudesay -27.6 1
24 &Un9i Fsitodn generic risedronate fUsEAVBHARIUNTINYINTTRNNTY

fifegan1sAnyimudn lumbar spine T-score # 12 oy awnsald
e vertebral fracture risk weiliaunsaviuienisiin nonvertebral
fracture 16 Taensld T-score w3 total hip BMD Wlumisiwesiint
lunsussiunsnevauesieenanmsinveanseaniaavioll mn total hip
BMD finsideunuasesistiosfesay 1.42 nsl vertebral fracture wie3os
8y 3.18 n3al hip fracture w3a¥owaz 2.13 nsdl nonvertebral fracture 4%
aunsoanmnudsslunisiiansegninls’ oy defnrsanmanisdinu
UsedviENaveten generic risedronate WUl total hip BMD vdwngte
1§%u risedronate 52 &Unt SnaUABuLUAsN baseline WihuSosas 4.54
(p<0.01) Fatfu risedronate Fsannsaanaudsdluninianszgninld
Tndsdsnnnisdnundilénamn

onmslaifissasdan risedronate finulugisszezianisine (1 T)
lAuA new-onset dyspepsia and heartburn (5eway 5), back pain (5puaz
3.75), pyrexia with myalgia (§088y 2.5), nausea (5oay 1.25) uag
diarrhea (§ovaz 1.25)

NNaNISANYIUSEANENATDI8T generic risedronate F3asulaan
81E1N50aAMEAA bone remodeling I#eenaditiuddnil 3, 6 uaz 12 o
w&a3ulden wazwud BMD ludau lumbar spine, femoral neck wag total
hip # 1 Ufiduogaditodday N5l generic risedronate Faudumaden
haulalunslitnuilsanszgmpluivdeiovuausesdouludssmalne

Vitamin D3/Cholecalciferol

IA.UN. UTTAIA AUNMENS

Institute of Medicine fiuasziuUnAves vitamin D 137 20-50 ng/mL
wio 50-125 nmol/L Ieermunsyiufidanandsdunisvia vikamin D
(increased risk of deficiency) ¥ <12 ng/mL #38 <30 nmol/L LagR1nua
srdufiinnudsslunisifa vitamin D insufficiency 137 12-19 ne/mL
38 30-49 nmol/L @ Endocrine Society fyuadnun@lii >30-100 ne/mL
139 >75-250 nmol/L wagmuun deficiency level 57 <20 ng/mL #3©
<50 nmol/L uwazAinua insufficiency level 137 20-30 ng/mL %30
50-75 nmol/L" lumeiRlunistesiuuazinwilsansegnngu azidien
THnaueiifadennizuia vitamin D @u Endocrine Society &1uszdiu
vitamin D fwnzauagldinasividessauiy Aofisesu 30-50 ng/mL

VITAMIN D DEFICIENCY - Criteria?

25(0OH)D level

Institute of Medicine Endocrine Society

Vitamin D status ng/mL nmol/L  Vitamin D status ng/mL nmol/L

Increased risk of <12 <30 Deficiency level <20 <50

deficiency

Increased risk of 12-19 30-49 Insufficiency level 20-30

insufficiency

Adequacy 20-50 50-125 >30-100 > 75-250

Increased risk of >50 >125

excess

Sufficiency level

Toxic level > 100 >250

Nutrients. 2013;5(7):2502-21

ANUYNYBINSLAA vitamin D deficiency 38 vitamin D<20 ng/mlL vo3
Ussinalnelasauegiifosar 57 lasamizlunjamaviuasnifu
Sovar 17.9 Fudumevis 10.8 uazmeAvdle 24.2 uasnuinguUsEANS
flondeagluiiesiinnzan vitamin D ldunnnirgiiendelusuun uaziile
finnsanguusznnsylnedifissdu vitamin D insufficiency %3e vita-
min D<30 ng/mL Wufis3aeaz 45.2

Haduidamadionsdansizsi vitamin D Tusrame léun msduifary

Vitamin D3 (Cholecalciferol) gnduaszwléiifamiilusned Grnni
%auaz 90) wazdn? Wy Yameiatan dau Vitamin D2 (Ergocalciferol)
\Ju plant ergosterol gndansizsilaludaduaziiin efmiauywdldsu
uauan 1138398 UVB 7-dehydrocholesterol fifamifsazgnaansiziliils
inactive form 284 vitamin D @1un1550Us¥9U vitamin D3 %38 vitamin D2
JEuNSTUIUNSMUeATLTIsUseeles 25-hydroxylase (CYP27AL) ¢
calcidiol (25-OH; hydroxy vitamin D) waziilaaziinnsiuasy calcidiol
Wag”lugﬂ calcitriol (1,25-dihydroxy vitamin D) i active form ves
vitamin D Tagendoteulesl 1-alpha hydroxylase (CYP27B1) wawas
wWaswu calcitroic acid (24,25-dihydroxy vitamin D) Fadh inactive form
flazanehld uazazgnivesnainseniesely

Skin

pro-Vit D, /
7-dehydrocholesterol
\ o,
(Cholecalciferol)

25 (OH)D
(Calcidiol)

25(0H)D ’
1-alpha hydroxylase |
CyP27B1
Kidney

1,25 (OH) D
(Calcitriol)

nsilFauLiisuyUsz@nsninees vitamin D3 waz vitamin D2
nsAnwfis18a1udn vitamin D3 fiszduluidengenda vitamin D2
Taeeniadeidlyt single dose vitamin D3 3e vitamin D2 2u1@ 50,000 1U
Aumgn1snsIainseiuves serum vitamin D TUifusvezinan 28 Ju
WOH, 3 Fuusnszdu serum vitamin D lslwnnshauisaesngy Sadieii
n1sinauluds 28 Yu nudmdeTudl 7 szdu 25-hydroxy vitamin D
Tunguilléfu vitamin D3 azgeandnguiilédsu vitamin D2 uansdis
A1A3933AYDY vitamin D3 flB1Indn vitamin D2 warnsAnwadl
wWisuiigy vitamin D3 waz vitamin D2 Wuu multiple dose
Tagl# vitamin D auim 50,000 IU/&Ua Wuar 12 dUav
NaNsANw MU 58U 25-hydroxyvitamin D Tudeniisgetiulungs
&% vitamin D3 uNN9INguild3y vitamin D2 uaziilongnen sesu
25-hydroxyvitamin D fanaatiuiensu lnefisvsiu 25-hydroxyvitamin D
Tunguitléi¥u vitamin D3 Fanndnguitld3u vitamin D2 1esa1n
vitamin D3 3 affinity #39A7u%aUUAD vitamin D binding protein
(DBP) annn wagviil vitamin D3 Sene3sdinfieaununt vitamin D2
flazgndiusenannsreimeiinin

Vitamin D3 vs Vitamin D2 (Multiple dose)

g

* 25-hydroxyvitamin D;hasa higher
affinity to DBP than 25-hydroxyvitamin D,

* 25-hydroxyvitamin D;has a longer half-
life than 25hydroxyvitamin D,

+ Treatment with Vitamin D;ismay
increase serum total 25(0OH) D level
slightly more efficiently than Vitamin D2

Incremental 25(OH)D (ng/mL)

°

0 20 4 60 80 120 140
Time (days)
FIG. 2. Time course of mean total serum 25(OH)D in the two calciferol
treatment groups. O, D2 (n = 16); &, D3 (n = 17). Error bars are 1 sem.
Horizontal bar indicates treatment duration. (Copyright Robert P. Heaney.
2010. Used with permission.)

Heaney RP, Recker RR, Grote J, Horst RL, Armas LA. Vitamin D(3) is more potent than vitamin D(2) in humans.  Clin Endocrinol Metab. 2011 ;96(3):£447-52.

Foyamsfinwiluguuuu RCT AwSeuiisuussavna vitamin D3 uag
vitamin D2 Tundjslne Tnesuimi sriunsnduazams” Tavinsdnw
UseAnSuaves vitamin D3 1,000 1U/3uU wWiuiisuiu plain vitamin D2
20,000 1U/&Un levhmsananului 1 9 nan1sAnsINUINgUELFTU
vitamin D3 $52AU serum 25-hydroxyvitamin D qaniﬁnﬁjuﬁlﬁ'%U
vitamin D2 msAneiiganuinnstd vitamin D3 aufinszdiu serum
25-hydroxyvitamin D 'lﬁ'ﬁy'ﬁnzjuﬁﬁuazllziﬁm'w vitamin D deficiency
wsinslif vitamin D2 awiiuszdu serum 25-hydroxyvitamin D (a1
Tunguiifin1ag vitamin D deficiency udaglifinalunisifinsgdu serum
25-hydroxyvitamin D 1uﬂfjm7'1'l;iimuz vitamin D deficiency




n15Any N9l vitamin D3 uag vitamin D2 sisluzuuuy daily lu
WA 1,600 1U/31 wagluguwuu monthly e 50,000 1UAReY Tugasent
HansAnw Ui dewSsuiiieusyning vitamin D3 way vitamin D2 115
1% vitamin D3 ¥2eufinszsiu serum 25-hydroxyvitamin D l§unnnan
vitamin D2 ﬁ'aiugﬂl,mu daily dose Wwag monthly dose™
nRansAne iy 1137 25-hydroxyvitamin D3 i affinity sie
V|tam|n D binding protein (DBP) annnin 25-hydroxyvitamin D2 398
mﬂsqmmwmamumw LATNNTSNWINTILIA vitamin D ¢ie vitamin D3
F2uRUTEHU serum 25-hydroxyvitamin D 1mmm'1 vitamin D2 agsls
ﬂmil Institute of Medicine 1615”‘U’J’1 vitamin D 'VN 2 form um'mt,m
fifleuidssiu (equipotent) LLmLLmﬂ@mﬂu“luwummasuaaumam Snns
wiaznsinufifvuawazaudlunmsuimssuanmetuly - ausuuzt
970 The American Geriatrics Society Consensus Wisyyu nsli vitamin D3
supplement mmsaiwmaﬂu‘lﬂwn 4 Lﬂa‘u ’d’J‘u vitamin D2 supplement
ansabivingiunn 14 u ilesanennsTiniidunin
sUuUY vitamin D 7isfl#lumsinwinnizen vitamin D wieldiu
vitamin D supplement lgiuA
Vitamin D3 %38 cholecalciferol
1A 150-400 IU Sauffuumaidesuagimiuiindu
sUsuUin vw1m 1,000 IU (NAT D)
sULUULAYLARA (soft-gelatin capsule) YuIA 5,000 IU (NAT D°
5,000 1U)
- Vitamin D2 %% ergocalciferol dlfluguiuuuaugauiun 20,000 U
Vitamin D fpnudrdglunsyuiunmsiumueddureswaaden wazds
TnastosruugiAuiy 3wm7fﬂ%amaam§am swdsfins@nwnisidlu
BJU’JEJLU’MTWLLauIiﬂEJ’Ju dlesziuunaldeuanas vitamin D nﬂLiJasJuliJ
asﬂuiﬂ 1,25-dihydroxy vitamin D ﬁlmmﬂ‘uuuaﬂuaaﬂqwﬁwﬂsuﬂﬂ (wm bone
resorption) ) anlé ( qumimmmmawaw) soumslvisond (finn1suda PTH)
wazdtln (i calcium reabsorption) LﬂuwaiusumuLmawﬂﬂumamwmﬁwu

Vitamin D effect

Role of Vitamin D in calcium metabolism

1,25-(OH),-D

TpTH
£ Bone resorption

{Renal
a reabsorption

Ca absorption

Ref: La-or Chailurkit, Ph.D. Ramathibodi Hospital
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. Camacho PM, Petak SM, Binkley N, et al

AMERICAN  ASSOCIATION  OF = CLINICAL  ENDOCRINOLOGISTS/AMERICAN ~ COLLEGE OF

UNUMYed vitamin D lumsifiansggninuaznisdu 210 Cochrane
review (2014) wu3inn1sti vitamin D tesed1aiealiiinalunisan
hip fracture 3o any fracture wiiilelhsrufunaadeuaiuisaan
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