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Abstract

Nowadays, non-communicable diseases (NCDs) have a wide-ranging impact globally
and locally. Prediabetes has the same pathological mechanism as diabetes mellitus type 2
(T2DM), but when it is diagnosed, it is often neglected and not treated properly. Osteoporosis
is the most common disease among systemic bone diseases, and there is a higher risk of
causing fragility fractures, especially hip fractures. This results in significant impacts on patients'
quality of life, as well as healthcare and economic burden. Osteoporosis is also related to
T2DM. Therefore, if each individual and all sectors prioritize prediabetes, it may help prevent
and reduce the occurrence of osteoporosis.

This study aimed to investigate the relationship between prediabetic status and
bone mineral density (BMD), which is a standard measure for diagnosing osteopenia and
osteoporosis at the distal end radius. Data were collected from the electronic database of
patients who underwent a check-up at Kasemrad International Hospital in Bangkok, Thailand,
from 1 September 2021 to 30 September 2022.

A total of 398 patients were included in this study, divided into two groups: 1)
prediabetes group with 98 patients, and 2) non-diabetes group with 300 patients. After
controlling for all factors, multivariate logistic regression analysis showed that prediabetes
status was significantly associated with lower BMD (Odds Ratio (OR) = 0.47, 95%C| = 0.26-0.87,
P-value = 0.015). Age was also significantly associated with lower BMD (Odd Ratio (OR) = 1.04,
95%Cl = 1.01-1.06, P-value = 0.001)



In conclusion, prediabetic status is a protective factor and increasing age is a risk

factor for lower BMD.

Keywords: Prediabetes, Osteopenia, Osteoporosis, Bone mineral density, Bone density, Bone

Mass

(Doctor Phawit Norchai)
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M15199 1.1 A1 T-score kagniswlang®

Classification Bone Mineral Density T Score

Normal Within 1 SD of the mean level for a young adult reference T score at 1.0 and above
population

Low bone mass Between 1 and 2.5 SD below that of the mean level for a T score between -1.0 and -2.5

(Osteopenia) young adult reference population

Osteoporosis 2.5 or more below that of the mean level for ayoungadult T score at or below -2.5

reference population

Severe or established 2.5 or more below that of the mean level for ayoungadult T score at or below -2.5 with one

osteoporosis reference population with fractures or more fractures

WHO: World Health Organization; BMD: bone mineral density; SD: standard deviation
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Occurrence relation

BMD = f (HbA1C level 5.7-6.4%)
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1. amznaulsAuIniIu HbAlc L Una (YD)
level 5.7-6.4% (X) 2. aenTERnU (Y2)

3. AENTEPNNTUY (Y3)
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(Alzheimer’s) auedidou (dementia)

(6) Iﬁﬂmaﬂiz@jﬂuaz% (Arthritis, Musculoskeletal diseases)

(7) nMsuimdulaglifislszasd W 9naURmsmesaeud

[y 1 =

Taeluaudded aznanduanizlsawining (DM)
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Table 2.2—Criteria for the diagnosis of diabetes
FPG =126 mg/dL (7.0 mmol/L). Fasting is defined as no caloric intake for at least 8 h.*

OR

2-h PG =200 mg/dL (11.1 mmol/L) during OGTT. The test should be performed as described
by WHO, using a glucose load containing the equivalent of 75 g anhydrous glucose
dissolved in water.*

OR

A1C =6.5% (48 mmol/mol). The test should be performed in a laboratory using a method
that is NGSP certified and standardized to the DCCT assay.*

OR

In a patient with classic symptoms of hyperglycemia or hyperglycemic crisis, a random
plasma glucose =200 mg/dL (11.1 mmol/L).

DCCT, Diabetes Control and Complications Trial; FPG, fasting plasma glucose; OGTT, oral glu-
cose tolerance test; WHO, World Health Organization; 2-h PG, 2-h plasma glucose. *In the
absence of unequivocal hyperglycemia, diagnosis requires two abnormal test results from
the same sample or in two separate test samples.

2.1.2 We15d357n81999n0122n0ulsALUTKITU (prediabetes) nalnnisiinniizneu
15AWIMIY (prediabetes) Ine15a3sinenniloudu T2DM lagai1ulaUnAveInIsAIuANTEAY

Wimaluden Insiaudsuwlasnaninisiiuluyesniizfedugdu (insulin resistance) wag

nsagdsnisvinnuresudwadvesiugeu (loss of pancreatic B-cell function) AuRAUNAv8S
N19Y19UkALNITEA Y insulin Lf]ua'n,wmé’ﬂsuaamil,ﬁﬂmw prediabetes 71138111 impaired

glucose tolerance (IGT) ag9N15ANYILALIIUITENT cross-sectional kag longitudinal Indngu

aa

guduintadenareqdadedaduduanvniiludgnine prediabetes v1sauidenuin Tuauuna

v ¥

Waulugn1e prediabetes wagaina1de prediabetes lug T2DM gnnsedumedadesingquaz

q

AMUAUNUSAUNITLALVUYDIUIMUNA NSNATUYBINTIENIEADBUYAUY (insulin resistance) hay

NSVaIBUYAUARAIINLUALYAE (beta-cell dysfunction) Bnvianisidguudasiamun'’



Insulin
resistance

Increased
lipolysis
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o
5.2
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©
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0o
© ©
2o
o
=

Increased hepatic
Present in e glucose production

prediabetes

il 2.1 nalnnsiinnizneuluIg (prediabetes)!’

' v
aa

felninfuaruinunifiintulunmenouumau (prediabetes) §aitladodus Wiun n1s
aiuvesnisaansluy (ncreased lipolysis) N15aAsEAUVEIE8SLUU glucagon-like peptide 1
(GLP-1) wazAmnuiiaun@vesnisnanisudsngaineu (slucagon) 1nusanniead \ioansziutina
Mé’ﬂfammmazmﬂgﬂﬁ 2.1 mufinun@iveIn1suds proinflammatory cytokines ¥ilifiinnns
fimulugnme prediabetes 33y 1y N1l adiponectin i1 lensmannanszdinaUnilug
prediabetes wazluvinuaufednu a1 prediabetes lug T2DM I¥undu Snamsifiaturesseeu
molecular markers 1% intercellular adhesion molecule-1 (ICAM-1) wag tumor necrosis factor-

o (TNF-0) fisenuifanuduiusiunsimunludniizprediabetes wagT2DM wuiu'’
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Walduuint vangaauddeisuiinsfnviieaduydunsgluald (sut microbiome) way
ANNELTUSAUAMURAUNANSLSATEUL cardiometabolic disorders 19U 15A9au (obesity) L UMY
(diabetes) lusTuRnun@lutduidon (dyslipidemia) 1usiu &9 gut microbiome Hudsdimnudusius

flun1e prediabetes Wuriu IAENUIINITIUNIUTEULALANAAYDY gut microbiome vilLARN1Y

o

deoaunavesgdunidlualdifnadunnziiiondn qut dysbiosis a1z iidsldiudglunisnis
WAUIVDIRILIALALANIEUNTNGOUTDY 15ADIU (obesity) Lunmustiai 2 (T2DM) 1sassuuiilauay

navnLaen (cardiovascular disease: CVD) wag metabolic syndrome!’

2.2 nszqn (Bone) #3338 UaT WYIIINY1VBINTLAN

[

= o a0 ] ] & A ° v
ﬂigﬁ;]ﬂﬁ@ a’aEJ?WE%W@UGUENI%%NGU@&ENmEJ Lu@Lﬂaﬂig@Jﬂﬂqﬁuquﬂqi‘WﬁﬁLL'ﬁgﬂﬂﬂﬁN

o

(%
o w

JrUUlATIINVRIT MY Bnvisdalinnudidglulivenismiuauauguaavesnfanslunseuadon
waztndeenuMsIuUessyULgesuusaulivioressenednaie® IewinaudAgues
nuideiaiulunsfinwszauanuunduvesnanszgn (BMD) wazaulululalurnuduiius

Y

wagAUEUTUSIBE Mg sEnIanengulsalifinmeisess (NCDs) kay SeAuAMUMLIRILYBIE
n3eAN (BMD) N 1eEIT839din 1 snunIuigIfuaNu I NUgIUNE3 INe W UNSEANLAE NS TINe
AMENSAALIANINTEAN

2.2.1 &353n81vaenszan (Basic bone physiology) talenszanusenaulumeiad
Mawwiinsngg gl extracellular matrix 65% Usenauluseansefiun3duuvvsng (inorganic

. < o 8§ v a = a a6 a & . . . ' !
matrix) Favilinszandauudeuse luanseliun3duunying (inorganic matrix) dulvgjuszneuly
meupalsulazWaamniiondn lansenduaumlvm (hydroxyapatite) [Ca10(PO4)6(0H)2] Tuvaue
a a a ¢ a ¢ . . Y ] ] A A
NesBUNILUNVINGnG (organic matrix) Usznaulume sraundulepsaaauniinil (type 1
collagen fiber) viuthiluans ground substance'®? 80% vouilowlonszgnusznaulusediuid
2 = = o . = a \ o 2z A ¢
AULTIL ARG BNNNNE (calcified cortical) ABIUAFIUUIT ABULNANIDIAUY (Compact/dense)
Ingdousautouuslsd (marrow space) drunsegneeuuinililasssauasdsdidnlunisdesiures
$79N18
wanaNNEULsAlaLaY N1snseanaraundiiveusilunissnuilsndu q dnunune lsad

d1Ay 19U 15ANA UL 99 9UILTY (myasthenia gravis) lsALd uUTza 1Mo nL@ULT 959 (chronic
inflammatory demyelinating polyradiculoneuropathy) ﬂq'mmﬂﬁﬁau,aﬂ-mi‘lﬁ (Guillain-Barré

syndrome) lsauasnUsvamidanuds (multiple sclerosis) 1udiu’



Collagen
triple helix

- s S — Hydroxyapatite
3 4N - — crystals
S S500 Nnm
@k\\l (/Bjmjming

osteoblast

Bone-marrow cell

stem cell
Extracellular
bone matrix

A 2.2 ddsznausinesesnsegn’
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AU 20% Mdemedlun lliura@eunnty Jdnwuzdulasias1esanaatesan

\end1 alaudd (spongy) Nsvandiumesineadalituideriunsean (periosteum) AUWBN WAL

(endosteum) anulu

Space for bone!

Subnanostructure

A 2.3 lassasansegnlusedusineg
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FJuLgeviinIEan (periosteum) Usenaulumeuiuilaigelvusanauuaiiv (fibrous

9

connective tissue sheath) iuagiuuenvestunesinea (cortical) 0ensEAn enILLAUTIIUMNL

Toria (joints) nsxandiuUargunadededignunagusienseanseau (cartilage) Feaziliamazouny

Y

Wulhon WuUszam wanasnensean (osteoblast) Wag wadaanenszan (osteoclast) duaulnes

al

awmsu(endosteum) Wulpssasradenaauniauluvestunesinea (cortical)

9

1% =

Iuﬂiz@ﬂﬁLQmLﬁUMLﬁuﬁLLm viliwaded 3vila Ae peaRlouaias (osteoblast) opaf
TAanan (osteoclast) wag poaflales (osteocyte) aaaRlouanas (osteoblast) AAundaniaind
wulpdueaaidugd (mesenchymal stem cells) %58 poaflalusialinesigas (osteoprogenitor
cells) vaslunszan (bone marrow) peaRlauaas (osteoblast) LﬁUL%éﬁﬁﬂﬁﬁﬁﬂ%”mmz@Jﬂ Tagvin
wihfindneuleinareeaionss (osteoid) Ao AoaaaUTinaNUlUsALAY FavhuiAdurulens
anduaunilny (hydroxyapatite) uazesaileuanas (osteoblast§whnihiiazauuunyning (bone
matrix) wazad1aduloneaaauniiagi1 (type 1 collagen fiber) 5mhzqé’qmuqumiﬁwmwmaaaa

lAanas (osteoclast) Imamumsmmuama (remodeling homeostasis)?#

Osteoblast: bone
formation and

Mesenchymal stem
cell or preosteoblast:

Osteocytes: biosensor of
microdamages and
mechanical stress

Osteoclasts: bone
resorption

osteoblast
differentiation

* *( OPG

mineralization /
osteocytogenesis

@ RANKL
'

\ “ Osteoblasts

= - o indtC ) \
[(( Osuocvm H"lcr % nmecxz ;oua:enlig JO J
7/.. qr % Alkaline phosphatase

AN 2.4 N1IYNUTENINNYAE osteoblast osteocyte osteoclast WagNIAIUANENAGS
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paaflaanad (osteoclast) viuinfaaensean laen1svadlalasiau (hydrogen ions)
WAy cathepsin K enzyme #9azdufiusiiallagsouvoiuunsng (bone matrix) lngn1suainsnaziing
fudniinsaanensegn nednisavatediuiiiunssinveswunind (bone matrix) uag cathepsin

K enzyme azgogaanadiuiiiduluufuuunind (proteinaceous matrix) ooa@loles (osteocyte)

a

Wuwadnianuiuuinian aziiniswaudasunlasilowadaoailauaias (osteoblast) 1015

9

Wasuudas Inednihfidudaudenseszuinawadosadlovatast (osteoblast) liteanauun3ng
(bone matrix) 3nisdsdinsiaudaesfioliadauuning (bone matrix) faedaasdae? 2

2.2.2 A2UNUILLUUYBINTEAN (Bone mineral density, BMD) A1AIIUNUILYUVDIUIA
nszgnuIvenivanzguamasinszantuiasyanald wansegndunisiaanudududiung
Fumzveanaadonuarweanesalunszgn Wenanfmnuudunsa (Bone strength) v8anszgn
fnagnaneda aesdiunaniugq lawn 1.anuvuIkiuvensean (Bone density) 2. AMAINYBS
nsgRN (Bone quality) @ aqun1nveanszgnnaznuieiluidslaseads (architecture) n13
WazuuUaimsaiiauaymsaans MIazaNLIsInveInTEgn’

2.23 Wg15633INY1Y0INTEYN (Bone pathophysiology) nangIun1ingrmminyii i
AU fuseaing ergfidisnndu fu AUYNVBINTINANIZNTEANUN (Osteopenia) kag

a

Amgnsennniu (Osteoporosis) ?JQVLUﬂdﬂﬁuﬁwwaﬁﬁﬂwazwumﬂizﬁwLﬁaué'qa‘jm’lm?isuﬁumﬂ%u
AONISNAN1IEAING1Y warlun1seSuIeAIUNUILYUYBINTEAN S¥UU T and Z scoring 39gn
nlg®

Taeil T-score Usuaniaszdunanszgnlunsiazyanaiiieiisuiuglngjaunmaieny 30
U Tng T-score agldluimandgaunuszdniounasyeaiauinndi 500 T-score azinaonunludu
\eaiunams1g1u (standard deviation, SD) @ Z-score THlunsaliUSouifivufuengiivindiu (age-
matched)smneuazud Inssialu Z-score sinldifu win Jogu wefiengiiosndt 50 T uwaswderou
nuAUIZINLADU (premenopausal women) Tag Z-score < -25D ﬁamwﬁﬁ?wﬂ’hmmmwgmimm
DU du Z-score > 25D Ao nmwfivmngauniesglutaiiuinsgiulutisengie?

2.2.3.1 7M11EN3EANUN (Osteopenia) nszgnuiaiduiizdnegnadindusumaesnsiia
AMznIzgnNL wazdinazgnusssenadugunuulisunswaannznszgangu® aduleeiiAuia
n3zgn BMD touninund ua fld T-score agsewing -1 wag -2.5%% Asusfinawiltademane qegnedi
MAnN1IZNIEANUN winTedgeds nisvnsesiuwedlasiauluisvesidinaduaivandnues

nsianNgnsEgnUIUgu iiuaznsrnnsu AvTnsussiniuuisedseanunsndanane
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seéu BMD 191 1afu nsldansafesesmiduszezinanuiu nelsanmiu n1ssuuseniu
a150msegsliiieans Tawn SuusemuLealdsumkazsEauIeiud luieane >
WAZEI31891UI1 N1BBNHUUNITOBNMAINIURNIZUARADIIYILVLABNTDAALONIANTT

Wwnnamensegnusldunznseanngula®*

M19197 2.2 INUINTITITENTEYNUNLALNTEANNTUAY WHO?

Diagnosts of osteoporosis based on the World Health Organization critria.

Diagnosis Findings

Normia Bone density within normal imat, value mote than or equal to =1 5D when compared to average bone mass of puberty
woman (T-score > =1

(steopenia Bone density within normal limit, value between -1 and ~2.3 SD when compared to average bong mass of pubety
woman (=23 < Tscore < =1)

Osteaporosis Bone density within normal limi, value equal to or less than ~2.5 5D when compared to average bone mass of puberty
woman (-2.3 < Tscore < 1) (T-score < =23)

Seerelestablished osieoporosis Bone density within normal limi, value equal to or less than ~2.5 5D when compared to average bone mass of puberty

woman (T-score < ~2.5) and with fragility fracture

2.2.3.2 TsAnszgnwsu (Osteoporosis) nszgnngu Wulsananszgniiaunsaintula
11319018 1aediudanszgnean (low bone mass) 33U UANMLE BuBINTEANlUTEAUIANTA
(microarchitecture deterioration)* viliAauudawnsswesnszgnanasdinuiussuisagindie
lne3fadulaanseAunNuNuILLUYaIIaNTEANNanad Wag BMD de1 T-score ANdn -2.5 Lile
WiguiisuiuAnadsuavdrudsauuinigiuvesnansegnluivanniiuiansegnasan (peak
bone mass)

B a [ 1 a & < ' d‘

AIULEIYDINITAANTZANUNIINAIZNTZANNIUADYPLWNUTY 910 1.4 1TU 2.6 111 LD
A1 T-score anasiiay 1SD**® laelsAnseanniuiauliaunavesnisasisaznisaaievadnsean
Fedwmalinanszgnanadhuiiaalsanssgnngugniwuniduadesssian Ao Ugugll (Primary) uas

a a a o a . (% o =

NAenil (secondary) Ingugugdsindannnunainn1izaseny (aging) way Jenuauszinaou
(menopause) dauyndl dndannnunaneg19du Wy azseiluuninseuigeianung sesluu

InsegdgaraUnd lsauniu seauInniiuae 15asesadu mumsen 2.3"



M13199 2.3 awvsvihliAnlsansegnuiawuunRe)il secondary osteoporosis'!

Lifestyle changes Genetic diseases Endocrine disorders Other

Vitamin D insufficiency Cystic fibrosis Central obesity AIDSIHIV

High salt intake Glycogen storage diseases Cushing's syndrome Amyloidosis

Smoking (active or passive) Menkes steely hair syndrome Diabetes mellitus (types 1 and 2) Chronic obstructive lung disease

Alcohol abuse
Immobilization
Excessive thinness
Frequent falling
Low calcium intake

Inadequate physical activity

Osteogenesis imperfecta
Riley-Day syndrome
Ehler Danlos
Hemochromatosis
Marfan syndrome

Parental history of hip fracture

Hyperparathyroidism
Thyrotoxicosis
Hypogonadal states:
Androgen insensitivity
Athletic amenorrhea

Premature menopause (<40 years)

Congestive heart failure
Chronic metabolic acidosis
Depression

End-stage renal disease
Hypercalciuria

Post-transplant bone disease

Excess vitamin A Gaucher's disease Hyperprolactinemia Idiopathic scoliosis
Homocystinuria Panhypopituitarism Sarcoidosis
Hypophosphatasia Anorexia nervosa Weight loss
Porphyria Turner's and Klinefelter's syndromes
Gastrointestinal disorders Hematological disorders Neurological and musculoskeletal Rheumatologic and
factors autoimmune diseases
Celiac disease Hemophilia Epilepsy Ankylosing spondylitis
Gastric bypass Leukemia and lymphomas Multiple sclerosis Systemic lupus
Gastrointestinal surgery Sickle cell disease Muscular dystrophy Rheumatoid arthritis
Malabsorption Multiple myeloma Parkinson's disease Systemic lupus

Inflammatory bowel disease

Pancreatic disease
Primary biliary cirrhosis

Medications

Monoclonal gammopathies

Systemic mastocytosis

Thalassemia

Spinal cord injury

Stroke

Proximal myopathy

Other rheumatic and autoimmune

diseases

14

Aluminum (in antacids), Anticoagulants (heparin), Anticonvulsants, Aromatase inhibitors, Barbiturates, Cancer chemotherapeutic drugs, Depo-medroxyprogesterone (premenopausal contraception),
Glucocorticoids (=5 mgiday prednisone or equivalent for =3 months), GnRH (gonadotropin-releasing hormone) agonists, Lithium Cyclosporine A, Tacrolimus, Methotrexate, Parental nutrition, Proton
pump inhibitors Selective serotonin reuptake inhibitors, Tamoxifen® (premenapausal use) Thiazolidinediones, Thyroid hormanes (in excess), warfarin

AIDSIHIV: acquired immune deficiency syndrome/human immunodeficiency virus
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2.2.4 Dual-energy X-ray absorptiometry (DXA) N1301579U5IHUTEAUAIIUNUILUY
WIANIEQN 529081389 Dual-energy X-ray absorptiometry (DXA) fidauuziilinsiataiiusiom
n3eANFuUNaIsEAULY (lUmbar spine) Wazdasaaglnn (hip) TneA3 a9 axial dual energy X-ray
absorptiometry (axial DXA) Lagn15asITAUSIMEWUaNgYRINTEANUATBULYU (distal radius)
(peripheral DXA) Iuﬂia‘imaﬁﬁmwé’auqul,m ve fhiwninunnnin 130 Alandy w3 walawes
wislvsess (hyperparathyroidism) tiesanlilanunsonsisnazulanaldain axial DXA wp3es DXA

Tdszuun1seunaidy ssuu T and Z scoring'#*%

X-ray detector system

AT 2.5 1A3849 Dual-eneray X-ray absorptiometry (DXA)*

A1519% 2.4 T813U93 osteoporosis WUIRNTEAU BMD snatnaust WHOS?

(lassification Bone Mineral Density TScore
Nomal Within 15D of the mean level for a young adult reference population Tscoreat - 1.0 and above
Low bone mass (Osteopenia)  Between 1.and 2.5 SD below that of the mean level for a young Tscore between-1.0and-2.5

adultreference population

Osteaporosis 2.5 ormore below that of the mean level for a young adult Tscoreat or below-2.5

reference population
Severe or established 2.5 ormore below that of the mean level for a young adult reference Tscore at or below-2.5 with ane or
0steoporosis population with fractures more fractures

WHO: World Health Organization; BMD: bune mineral densiy; $D: standard deviation
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2.2.5 Yadendes (risk factors) AduriusiunisiAnlsanszgnmngu®
2.2.5.1 Jasuidsafililamnsausuiuasuld (Major non-modifiable risk factors)
(1) ffgeeny (older age) ogsaus 65 Viuly
(2) WWAneYs
(3) WovA A1 uarrLeidY
(8) fusziRnseunsa Tan ansen fian tdesan Wulsensegnwgu
(5) finmagUsgdnitoununriousiy 45 U (early menopause) $aaNTH6A
Yelasha 2 4
(6) AUszIRvNAaLUDY9)
(7) WUseTansegniinuineu

2.2.5.2 adedesfiansausuasuld (Major modifiable risk factors)

(1) NIENISSUANTDIMNSMILNEIND Lawn wAALZEY AMAUR

Al

(2) nmznlirvalaldusiniy (physical inactivity)
(3) guyws

(4) Auga

(5) Agtiananie (BMI) < 19

(6) dan1IgnN191NA

2.3 a1aznaulsauImu (Prediabetes) wag seauAUvUILLUNIaNsEan (BMD)
2.3.1 M3dnkeu (inflammation) waz ngulsalifnsazase (NCDs) n15aniey

(inflammation) fia @ vguadlsAALLEeN (degenerative diseases) natqlsa’ saumangulsalyl

[

fnrasass (NCDs) Inganiznsentaukuutduginazisoss (chronic inflammation) 290A1S

¥

Anwndeludag 200 Mruan MIAununMIsUImENdAgynuI1 seuugiauiy (immune system)

Modern lifestyles

diets, behaviour, microbial patterns, pollutants
=

< 1= 850
% o Metabolic
- <R = responses

Mood, behaviour,

development, L @A Inflammation s = J
degeneration - and altered immune r
. function \’\,\" i
» > Stress and
\ IVV é LLL. HPA responses
Cardiovascular ¥ multisystem effects = Joints and
responses SO0 I"".-"l" g ) tissues
- — - —-—
Tissue damage, oxidative
stress and tissue repair
Gastrointestinal DI Lung development

inflammation and function

enetic susceptibilit

Increased NCD risk

AWN 2.6 N1IBNEU way naulsalifadelsesa®
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n158MEu (inflammation) i unszuaun1siidfmuinisunlaedanwaznisnszdussuy
QRANAY kagnouauaIoanuINITINIEAIN Tazuntesseuureguessienigainiuniiise 1asa
a1 Lan1sAALTes19Y Inan1smdnansiazitonslsa waznszauligaanieiinn sdouLsuLaY
W1E5EEEMIENITONEY A1IENilafsIaN1ERBUANRIWBNITENEY WBanN1TIUNawIY SIu5endn
“sickness behaviors” 19U lloy WAy weulindy SUUTEMUBIMITIABAAY ATIUADINITNILNA

Id £

anas Llunu

ganuludsuisenisnevausmieszuumnueddu loun ausulaiaiiudu (increased
blood pressure) n13Aasiedugau (insulin resistance) waz luduludaaraund (dyslipidemia)**

[ a A
NIBNLEUN 2 F88Y AB
2.3.1.1. Syazaunau (acute inflammation)
Wnagiialur19szezadus naginan PAMP (pathogen-associated
molecular pattern) ApA15AALTDNIANIT DAMP (damage-associated molecular pattern) Ae 910
el' ¢ = A I3 I . | v Y
nsfwaaiinuAIen vise In15UIndu nansenulluguwse (hish erade) liRentasiveny awnsn
AT TAMTTALA W 1L-6, TNF-OL, CRP 1Jusu
2.3.1.2 32213939 (Systemic chronic inflammation, SCI)

Tnaziindunaiuiu 1naziina1n DAMP (damage-associated molecular
pattern) AB91A SEUULNANUBANAAUNG LwadlasuAuden1e danalilinieainn1seniau wnll
HanTEnUABUTI9EN (low grade) tasvinlwuisasslilatdunisuile Tnednazinaldemunowadiay
aizauun Inednaziedtaeiue1gNuInTu Munaequide AunUIT 91gAuInTulnny
cytokine chemokines acute phase protein 7igatasiunIsdnauinINTUlunszLadan nN15LAe

oxidative stress nulauaglunieniinisoniausesa®

N1919N 2.5 NMFTDNLAULAUNAU Wae N1TDNLEULIDIY

Acute inflammation Systemic chronic inflammation
. PAMPs (infection), DAMPs (cellular DAMPs (‘exposome’, metabolic dysfunction,
Trigger .
stress, trauma) tissue damage)
Duration Short-term Persistent, non-resolving
Magnitude High-grade Low-grade

Outcome(s) Healing, trigger removal, tissue repair = Collateral damage

Age-

related No Yes

Biomarkers  IL-6, TNF-q, IL-1B, CRP Silent—no canonical standard biomarkers



18

NINLIEULT 059 (SC) FsdsmaldslaziinAnuideniansigas 017 Layszuun1eelu
TUNEANNIBEIUINNNEY vibiAAlIAEeTY Tsanduinuies a1uw suldun wavedndulasy
Aunuladings iy luduludestiaund lsassuuiilauasvasnden lsalnsess lsrdues

2 s Do 4 41-43
1215998719 19AANULEDNN AN LL’dSIﬁﬂﬂi%@ﬂ‘W?‘u

p 2R

Cardiovascular Cancer

2 Chronic disease .

Physical infections : é

inactivity = e, 3
w Metabolic syndrome, Depression

m type 2 diabetes
‘ and NAFLD
Obesity \
~ S\~ )
Y, > N\ s —  Auto-
N (' \ immune
60 /\ = Lo ~ diseases
é ; __ e
Dysbiosis ‘% / \ .
B \.,‘? Z( Neurodegenerative
diseases

% NS I T e @

Immunosenescence and osteoporosis

t B

F Disturbed

sleep

Isolation and
chronic stress

AW 2.7 @ NrRRINSANNITENEUT oS kaTNaA9q UL AaTn

Glucocorticoid

Osteoblast differentiation |

Osteoblast lifespan RAMNKLt 1

PEML BTH]  Vitamin Dy an CPGL Dickkapft
IL-1et ¥
IL-1p1 Wit inhibition
IL-61
IL-111
TNF-oct v o
M-CSF1 OsteolysisT

Bone formation | ;- LAY

r

v

Osteoporotic fractures

awil 2.8 Uadeidssiinulaussiiiieadesiunisiia osteoporosis Wag osteoporotic fractures
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2.3.2 n1znaulsau1ia1g (Prediabetes) 15ALUN21U (DM) B STAUAIUAUILUUNIA
n3zgn (BMD)

=

ANz ouUlIALUINITU (prediabetes) Ao N1z dn1stAnn st NumaUIR18 (glucose
intolerance) laga1usawauIINAUTSEAULIA1aUNA WAAN1IE prediabetes Tufign lawiins
1 ] = P & <, = ¢ .
AununllaTawsnlud 1924 fanvsuiainanzdendunsnanwesluiiouaaslss (@mmonium
chloride-induced metabolic acidosis) 508 dauniinisAaunuin wiliissannedsaunsaiiies
\éintiee (mild degree of metabolic acidosis) LJuanmnveINsiinnisanasvesnulideduyiu
(insulin sensitivity) LAZLAAAIMUUANT DIVDINITNUABUIAE (defect of glucose tolerance) lolu

a = N o 1 = [ [ [ | A X [y
AuguMUNG anvsdugienatlugnizsideadunsala laun nsidivduvesssaunanian (lactate)
lupuUn@ N1sIuTuveIasAlauued ( ketone bodies JludUasiuminu waglsalaidousosy
(chronic kidney disease-related metabolic acidosis) mqﬁmﬂsﬁwqé’ué’aummsaﬁ@umlﬂﬁmil,ﬁm
AMERedUgAUY (insulin resistance) Tuiian®

= . . A | Y v ) i o ¢

N13ANBILUY observational studies 1 alauruunil ladnisguduluwdvesnnuduius
58117119 Adayanendlinuasiesuf URN1sMvaveniieemnsuanivesnie metabolic acidosis Lok
seauluasuatunluldon (serum bicarbonate) #1 Arweuleaulny A9 (high serum anion gap)

[y

seaudnsniutlaanesn (hypocitraturia) Afltetlutlaanzsn (low urine pH) fuduiusiunig

a a

feadugdu (insulin resistance) ’Sﬂﬁﬂumiﬁﬁiaﬁ]‘imiwﬁ%yjamﬂ National Health and Nutrition

=

Examination Surveys (NHANES) kUU cross-sectional %aaﬂamﬁﬁw%’gam%nﬂuﬂ1999—2000 hae
2001-2002 §swuin Lower bicarbonate wag higher anion gaps danudunusiusgradudasziu
AMEABBUYAY (insulin resistance)

a

Tuns@nen cross-sectional A@szatuALUNR Uszillunneheduyiiu (insulin resistance)

% (% s

Tagldaziuu homeostasis model assessment (HOMA-IR) #1U71 JAMUENITUS AULUULT 98U
(negatively correlated) fusesudimsvlutlaaniz (urine citrate) Tngluinadisian HOMA-IR 99 il
fi1 urine citrate #1n3 AT HOMAR 19 Snvtesanuindanuduiuswuunndu (nverse
relationship) $¢¥31961 pH vaen1siiudaanay 24 $2lu9 LazszAUAIIUTULTIVEY insulin
resistance luananaiasfigunind wagdamugiAnisalvesmaifnlsaumniu (diabetes) uay n1slal

nusena (glucose intolerance) gdulunguenanainsnila1 pH veslaanizn®
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Metabolic
acidosis
Direct Indirect
effects effects
Vitamin D
Parathyroid hormone :
Physicochemical Inhibition of Stimulation of Increased Increased receptor Increased binding Decreésed 1o
d'Sngtlon of  osteoblasts osteoclasts  circulatinglevels ~ expression to receptor hydroxylase
one L | | ;

"| Bone disease

A 2.9 nalndefitilugnsiinalsanianseen (bone disease)

anmuananzdendunsa (metabolic acidosis)®

N1ANYININTZUIAINENTINUT TAudNRUsiUTEinan1Me metabolic acidosis iU AINAU
lafinga (systemic hypertension) s?fqmmﬁ'uiaﬁmqaﬁlﬂuﬁauwﬁwaamwmeuaﬁﬂ%uimu
(metabolic syndrome) %Qﬁmmﬁuﬁ’uﬁ‘ﬁumwﬁaﬁuﬁﬁu (insulin resistance) NSAUTIUTIULAY
AAs1esiteyaann  NHANES Tudl 1999-2000 wag 2001-2002 nu i3l highest anion gap
aefinud systolic blood pressure (SBP) 11nn31AuTSH lowest anion gap Wadl fanudn sedu
Plasma bicarbonate A uduRus wuunnRY (inversely related) fuseduanusuladia taed
ﬁLﬂﬂiamﬁﬁizﬁU bicarbonate 49 ilsgau SBP ﬁﬁ?ﬂﬂdﬂumjmﬁﬁizﬁubicarbonate A

wanean1sAnudinunudninnnzidendunsa (metabolic acidosis) §uduaninneinis
Ann1edniauid 854 (chronic inflammation)® € sn158niauLs e5eid Tn1sud nanseniay
(inflammatory cytokine) si1asunune tawA tumor necrosis factor O (TNFQU) W@alae peritoneal
macrophages warilinsimsideluantizwindeuiiidunse Fadunistindudesnnuduiusaes
NLUIUNIBNEULAZANY metabolic acidosis wagiinsAnudinsgifiniinlusivesnnuduiug
fiwudn Arvstnmssniau Tdun serum C-reactive protein (CRP) W interleukin-6 (IL-6) fiAngan
Fulunafiiinne metabolic acidosis LLazﬁﬂ'wma6]miﬁﬂmé’qwudﬂmmﬁﬁ’fucﬂaam pH Tudanans
WsE e e (cell culture medium) 910 7.23 1Ju 7.7 madildde fnsfiuduvesdnsinisadis
TUsiiu (protein synthesis) Wudiauladn msifinduressesiu pH (pH >7.4) JunsnszAunisadne
Tusiiulaendunileans (skeletal muscle) $adulléviin maviilisrsmedien pH diuduitelfian

NILUIUNMIEHIHAYLUUEATN (anabolism) grsauysalungau®


https://www.sciencedirect.com/topics/medicine-and-dentistry/chronic-inflammation

21

Azidendunsa (metabolic acidosis) d snaid evatved 19 ansznn laetAanis
physicochemical dissolution kagn5zUIUNIIN19L9aa (cell-mediated bone resorption) U949
nszgn Hunalnmahauvesgadean fail nisdusnisihanuveswadosailouaa (osteoblast)
LAENTEAUNNTYINIUYBNLYadoRaRlanaiasn (osteoclast) ﬂalﬂm'wG]mdwﬁé’qdmamﬁmmiq@fw
wAaLg ey (calcium) wag Weawasa (phosphorus) 88N31NNTENTEAN Tned nnazidenidunse
(metabolic acidosis) NseAuLLas osteoblasts Tiiinsndsansnasaniunauiu(prostaglandins) (lu
AMzUnAvesaNganITvuisuLazdalUdsunsegn (bone tumover) ﬁmuﬁ@%u@@émaamnaﬂu
SaiimunzauuaraLgaTEIINead osteoblast uay osteoclast fatiy wwad osteoblasts 3afinns
asasnqunglaimeeg (glucocorticoids) Wioonundudsmsrheuaes prostaglandins)

feldninfunnzdendunsn (metabolic acidosis) Seiimnunisitestunsanaswes3una
@13 bicarbonate Tuns¥andneme Tun1sfinwinuiinisly bicarbonate teSuiiussloviluimandgsie
nunUsEINAOUY (postmenopausal women) ¥3ganseRunIsgayLde calcium wag phosphorus U
Tuilaanigld uasduiiuseduonailownadu (osteocalcin) uagdslafinsuugirinaizdendunsa
(metabolic acidosis) #lail#unssnunazudlvoradmadssonsegnvalunivaslassadiuas
#3vIneveensegn®

ANUNUILUULNANTEAN (Bone Mineral Density : BMD) ‘Lu;ﬁﬂammmwmﬁmﬁ 1 (T1DM) &
mss1eauluvatsauide wudn BMD Tu T1IOM fndingumuau@lildidulsaiuimn) Tunng
92901y Inefin15anasues BMD ?faLLEJ'aqmﬂsﬁuwwmjjﬂaaﬁswznammmilﬂﬂﬁﬂ (duration) 7
g1, msmuamzﬁuﬁwmaﬁﬁ, L“fJuIsmmmméjuwimqﬁaa61 (early onset) waziinslddugau
(insulin) Tuauinga ﬁaiﬂﬂd'lﬁ?u@’ﬂw T1DM fifianazunsndeunadudonvuindn (microvascular
complications) 841 BMD ﬁsﬁl’mdw;:iﬂwﬁhiﬁﬂnzme%’awmﬁmﬁammmLﬁﬂ iUz
1%iin19%1 (bone vascularization) lugtheiumaudiifinsiAslsanisnszgnainnalndnsdu Tuidin

N a Y

wazdasuilidu TIDM azflusnanminuI19e9nszgnitesn ka1 suenuInni1ves

Y

¥
= 1

n3gan 5&LLﬁdwzﬁmiLﬁmumadmim%ﬂﬁa%ﬂqmz@ﬂ (bone formation markers) fiusiaidu
Wz dANNUANI IS aRnUNRvOITadDRaRAlauaTaR (osteoblast activity) Tugia9senIngweInIs
W3LAUle WazAaei Ul peak bone mass ﬁiu'Lﬁmwaﬁm%'um’m’%fgLauimﬁuaqmzaﬂimqéw U
fownannisd 1GF-1 Tusedusuag catabolic effects fmﬂmﬁﬁmuqmizé’uﬁéwmawlmuﬂfaq
critical growth period

Feuffiedidl onset vaslsawmudeuety 10 T axlidnadsvesdiugeiidesnitdiade
v83 onset TurIngy wavdrugaluglvgaziauduiusuuunniy (inversely correlated) funns
AuAuszdunalunszuadon uenainilnsrurunindsunlaswesinifiud (vitamin D) uaz

v 1

wAaLdey lwaueddudidimasianisanases BMD TugUae TIDM 8ndae egelsfiniunisanasves


https://www.sciencedirect.com/topics/medicine-and-dentistry/osteolysis
https://www.sciencedirect.com/topics/medicine-and-dentistry/osteoclast
https://www.sciencedirect.com/topics/medicine-and-dentistry/prostaglandin-release
https://www.sciencedirect.com/topics/medicine-and-dentistry/glucocorticoid
https://www.sciencedirect.com/topics/medicine-and-dentistry/prostaglandin
https://www.sciencedirect.com/topics/medicine-and-dentistry/postmenopause
https://www.sciencedirect.com/topics/medicine-and-dentistry/osteocalcin

22

BMD 9199zlalleUadenaniiiesatadeidmasianisiialanianisiansegniin imszauideidely

wndlideunuziign BMD lildasasiumunananfiodisuiunguasuau@lilidulsaunmu®

2.4 U398 N YIVBINUNIILNBULSALUINITU (Prediabetes) T5AtU1%21U (DM) wag 19a
n3zgn (BMD)

2.4.1 The association of diabetes status and bone mineral density among US adults:

¥
av A

evidence from NHANES 2005-2018 °suideiiliunisfnuiiieiUSeuiieuaruduiussening
diabetes status Uag BMD  lagsiusiauagiiAiiendeyadnngiudeya National Health and
Nutrition Examination Survey (NHANES) ﬁgwm 5 99U 2005-2006, 2007-2008, 2009-2010, 2013-
2014 waz 2017-2018 lneldadd linear regression model wiamAuduius wazvinisiasiz
subgroup 18 91 1A uaxndend fi1mn1933s 9661 318 071y 40 TuluATFeyaasud 944
5719l@5Un15i1988 prediabetes way 2043 18U diabetes wan1sANwINUIIAT BMD at hip,
femoral neck and lumbar spine ﬁLLu’ﬂﬁmjﬂ“ﬁuﬁgﬂumjm prediabetes Way diabetes dleiauiu
ﬂ@jmﬂﬂﬁ waziilevhnsinszi subgroup ‘WUdWﬂf;jj&J white race, age over 50 and women Lwﬁﬂﬁﬁ
wun LR A URUNAT 1A

2.4.2 The Relationship Between Prediabetes and Bone Mass in Adolescents: Analysis of

1%
a

the National Health and Nutrition Examination Survey From 2005 to 2010 v1u3 84 &
5quﬂiza\‘iﬁl,ﬁlam§sluLﬁEJ‘U'iz‘m'N impaired fasting glucose (IFG), impaired glucose tolerance
(IGT), waz bone mineral density (BMD) l1ag51usIukazIAT1evvayadng1udeya National
Health and Nutrition Examination Survey (NHANES) Tudagueny 12-19 3 fifia1ae IFG uaz IGT
Aususmianun 3 sauU 2005-2006, 2007-2008 wag 2009-2010 wdsanauAuiafesiey 1Ak
919 el 1Weud uasiuinanie wudn difsaud 1GT Aiflnalunisanasues BMD edrafitoddry
(P<0.05) ﬁ@i’%mﬁa@hab‘] loun femoral neck, total femur and spine waluudves arealBMD and
bone mineral apparent density (BMAD) ualsifitisddgydiu IFP (P>0.05)

2.4.3 Bone mineral density in prediabetic men' AsAneriidun1sTa BMD 31NN1TATID
quantitative ultrasound (QUS) Tuganeene 40-70 U 31u3u 802 A Korea Rural Genomic Cohort
Study (in Geumsan County) LLU'GL“fJUﬂEjiJ prediabetes (1995 oral glucose tolerance test; OGTT)
Wisuidisuiunguund 124 aufuuivugnAnesn sansdnwinuin duade BMD sewine 2 ngu
luflanuuanstsiusgedidvdfy laoa1 BMD dauduiusuuunniu (inverse association) fiu
91y wardlmnuduiusiulugauin (positive correlation) fiu BMI, Total Cholesterol, low density

lipoprotein cholesterol, and HbAlc
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2.4.4 Prediabetes and insulin resistance are associated with lower trabecular bone score
(TBS): cross-sectional results from the Study of Women’s Health Across the Nation TBS Study“®
ATeliduns@nwlundu prediabetes W3suifisutunguund (Foyalfiudian diabetes &
ANETUSA trabecular bone score (TBS) s wagnsiinnszgniin) SsvinsAnwiilewiouies
Tugwndeony 42-52 T lagnisiiusiusiunagiiaidayaiuy cross-sectional 91n3Anw Study

a a

of Women’s Health Across the Nation (SWAN) TBS Study an1s@n®¥1wudn §yggaininnieg high
diabetes (FPG 110-125 mg/dL) fd1 TBS A1 0.21SD Wileifiuiungy normoglycemia (FPG <
100 mg/dL) (p<0.00001) way low diabetes (FPG 100-109 mg/dL) lufiaaudusiusAu low TBS
wazlunguiisinngiedugdu (insulin resistance) geagilAn TBS /1 (HOMA-R > 1.62, HOMA-IR
Wi 2 Whesduiugiunisanaswes T8S 0.11 SD) (p=0.0001)

2.4.5 Is diabetes mellitus a risk factor for low bone density: a systematic review and meta-

[

4 av A g =
19

analysis, 2021911338 IuNSANYILUY systematic review and meta-analysis lAg5IUTILUN
a v & Aav A Y Yyvo ¢ Ay A @ O
Nedewisvun 14 euddemdilanuinun I3Uuuunuddenduns cohort, case control hag cross
sectional study Imefin1siiusiurinauideauiafeuunsiau U 2563 lnsurasaiuideaslasunis
Usziiluamunmasguiuuaiddelag Newcastle-Ottawa Scale (NOS) 21091338 vianun 14 91w &
Auinsansiesviug 24,340 A 4,599 1Wulumvanu wae19,741 auliduunmiu azuuulaesin NOS &
. C A o &
ANINNTT 6 ANalAsIn A9l

AMULEERENI15LAAN19Y low bone density TugUrengulsauinatu ddu 1.2 i

=

(overall odds ratio (OR) = 1.2, [95% confidence interval (C)0.80-1.79, P = 0.30]) 7 ¢lu Ay
uansevatdAmeada wag Tunguiumiusiinii2 (T20M) Aliwuanuduiudiudu ae low
bone density (OR = 0.69 [0.11, 4.55, P = 0.70) (ifinnsunnsnansfedfymeadn) uazidlor
A15LATIZRUUL subgroup analysis U3 Tl1azmemenioimendge UsEmA RauIndmse
AoiawIAnIy Tugiwmdsd we.2558 (NOS >7) msfnwilungu T2DM ldnwuaiuunne19egi1adl
tudfamaadiitun1ng low bone density tae (all P values > 0.05) sniiulunga T1IOM Gawuinil
mwm?wfamuﬁmmw low bone density (OR = 3.83 [1.64, 8.96], P = 0.002) waglun1sAnen
fioud 2558 TIDM (OR = 1.76 [1.06, 2.92], P = 0.03) uaglunuideiinguuy (NOS <7) wuin (OR =
2.27 [1.50, 3.43), P = 0.0001) (2 = 93%, P < 0.00001) 911A 1 l-square 93% & 83 1+ U high
heterogeneity §1AMAYAINMA8YDIIUITYET kAN Funnel plot WUl 4 publication bias A

kae no significant asymmetry
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2.4.6 Association between bone mineral density and type 2 diabetes mellitus: a meta-
analysis of observational studies, 2012 0 9143 Tt T UNISANBILUY systematic review and

meta-analysis lngs2UsIMUANET0WImNA 15 u3denlanuinue Inedenenznuifne

a &

Wustef 2 dUsuuauddeniduni case control wag cross sectional study taefinisiiu

FUTUNUILIUTURBUN 1AL U 2553 Taswsiazauideaglasumsussiiuamnmueagukuy

(%
N Y Yo Y

ATElag MOOSE group guideline 21nAUAREVIIRUA 15 91U JNUITIWTINNA 22,576 AU 3,437

Y

Wuwrrnu wag 19,139 auluiduunmnu nan1s@nwinuin sesu BMD lunguuvnuiiAgendn

=

a9l ed1AYN19adAlaedia1 pooled mean differences Lvinfu 0.04 (95% CI: 0.02, 0.05) %
RN femoral neck, 0.06 (95% CI: 0.04, 0.08) 71U hip waz 0.06 (95% Cl: 0.04, 0.07) i
LU spine

o w a

A kT AULANA19eE 1T TEA AN NEBATENIINGUIUIITULAZNAUAIUANTIF LI
forearm -0.003 (95% Cl: -0.02, 0.02) uazaziiiuinliinfidumisla 91nA1 I-square AwdiAAL 50%
& A g . . ~ a v | ]

%409210UU high heterogeneity 1A1MUMAINNAIEVDINUIVEY 1A81U19811NAMULANETY
study design uay A1len diabetes wawtiioyinn1s subgroup analysis lnetne wuanluuanAyTly
Avedshazina1eTun N FIwUe Ha1NN15911 meta-regression on BMD lagWa15u191n L,
918, BMI wazseau HbALC Tungy diabetes Wudn inandeduiusiy lower BMD agnsfitedfisy,
91giAnuduRusLUUNNRUAUTEAU BMD, 58U higher BMI #uusiiy higher BMD, se6iu higher

HbAlc &UWusAU higher BMD
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a\ %

S U8UNSIY

3.1 JUMUUNUIY
nuIdeddunsfneiwuy Etiognostic research Usgtnn Exploratory model

\WIIATIEN (Analytic Study) wuudaunas 1 U (Retrospective case control study)

3.2 NMSIMUAYIEYINIUALNEUAIEN
3.2.1 ngulszansdililunisids (Population)
Al unisnsanguamuseslfununasaguaw Alsmeuianvasiugs sunes
wuuua Usemelng
3.2.1 ngusegnaililuniside (Sample)
ildidnsunsmsaguamuszdd wadldsunsmsiainsssuauvnuiuvesnanszgn
ﬁﬁmmmmz@ﬂﬂmsmu (distal end radius) 17{LquﬂmsaaqﬂmeiiawmmaLﬂwmmgi‘ U o3
wiunua Usemelng seming 1 Augieu 2564 qufis 31 danau 2565 laoyuynuteyanseuuves
lsane1una Iaelad'szuu PACS (Picture Archive Communication System) hay HIS (Hospital
Information System)
3.2.2 MIlenngudiieg1
Tnefndennundninnst feil
3.2.3 1naain15AaL (Inclusion Criteria)
3.23.1 97g 15 Tl
3.2.4 naueimsfneen (Exclusion Criteria)
3.2.4.1 Wsunmsitadeindulsauivanu anudulaings ludiuludoatiaund lsals
3031 lsamsszuuilanasvanaidonagiouud
3.2.4.2 lsAUszdndamansegn
3.24.2 fWsrfAnsldenadosesdseiiies sgrelion 6 iou
3.24.2 fWsrfRmsihdavielinneiingd inaiinsmsananszgnielo

3.2.4.3 panlasunisinaduussaviseasdun1izuzis

3.2.4.4 waniuseinnslasun1ssnuaiee Al i UnnNson1sa8waIsnen
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nunIUYTEdsudidnnsaiing (PACS
wae HIS) e Check up
7l@5un150593 BMD Saunas 1U

(1A ue18u2564 D19 30NUB18U2565)

Jd o Y
!ﬂﬂ!“nﬂﬂ!sih-ﬂﬂﬂi’)ﬂ

v

Sudeya (N = 398)

PreDiabetes Non-diabetes
HbA1C 5.7-6.4% HbA1C < 5.7%
(n =98) (n = 300)

A 3.1 weudansadiunuiaznisiiuteya

aunsgwsewaslasuniseudifuazi1un1siiaIsuIIn Institutional Review Board (IRB)

= v [

LUU exemption NouNIsLAVLarTUTINToya 91NAMENTINNITAIUITEsTIUNTITe Uy vd

Y

WInedegsnatading
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3.3 n3esilefldlunsiiusiusudoaya
mATenumudeyaanszuvvedsmenuia Alsmeuainvusugd dumediuduiua
Usenelve sewinatufl 1fuensu 2564 audeuil 31 dneau 2565 Usenausie
3.3.1 5¥UU PACS (Picture Archive Communication System) iiadufunisnsiauseiliuss
AUVUIRUUNIANTEAN (BMD) n5291R8LA30S Dual-energy X-ray absorptiometry (DXA) Fetumus
nsggnUanauwuu (distal end radius) dlosanidu health checkup setting 33918ANIATIAUAZNTT
SRR
3.3.2 530U HIS (Hospital Information System) itedufudeyauazusyialsausedrdilasy
nvfadelsalifine3oss (NCDs) mal ICD-10 criteria
333 Uoyaduynna akn 81e e
3.3.4 Yayanmdtinuartoyaniwieauuinis toun
3.3.4.1 W
3.3.4.2 d@ugs
3.3.4.3 ArAnviiianie (BMI)
3.3.4.4 Assduinaaazan (HbALC) Tnefinnzneulsaiuminy (Prediabetes) Ao
5¥AU HbA1C 5.7-6.4% waz Un@ne seiu HbALC teanin 5.7%"
3345 A15EAUANNMULILLLYBIIANTEYN (BMD) Aduvianszgnuateuyy (distal
end radius)

335 LLUUﬁuﬁﬂﬁﬁagamu‘i%’s (MANUIN N)

3.3.6 LWsunsud5agunslinseinneadn

3.4 FBmseszidayauazatanidlunsieszvideya

Y

N

[

FHeasuiindeyauazimszideyalaglilusunsudnsaguneada TnefvunAiedfgyni

e

[y

adansyavu 0.05 uagdnsedeyanumanaia Al

'
= 1

3.4.1 adfganssadun (Descriptive statistics) Ik A15ANLAIAIND ANTowaz Anady (Mean)
way AndosuunIns1g 1 (Standard Deviation : SD) T6lunisiiasngsideyasuusiiinisnszans
WUUUNR LYY 878 LA

3.4.2 adflenssasun (Descriptive statistics) Ll Af5eg1u (Median) wag A1itdesEning

[ Y

A93Wa ( Interquartile Range : IQR) Talunsiimsgidesamudsninisnssareuuuladun® wwu an

Y

fstiunanie (BMI)

3.4.3 @dfdeeyuu (Inferential statistics) ldiiton1snaaeuauufigny
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3.4.3.1 N1SNAFBUNIINT¥ANEVDIT oY aLTaUTu 0 (Continuous data) Tauldadin
Kolmogorov-Smirmov test LitenagauiNsdaanguIndnisianiaswuuund (Normal distribution)
el

3.4.3.2 @dAT991999ANNFNNUS laun Pearson Chi-square test ag Independent T

Test 1dlun1sTmsieridoyasiinls wu a1y e Ardwdulanie (BMI) sewinanguund was nay

ee

AMgnaulsAluIvINY

3433 adfid981989mudunus 1dun Pearson Chi-square test L 83 1A5129
Amnudusiudvestiads Adwmasosefuinansegn Tufvledliiunsnsiamszduanuvuiuiuyes
wiansegn (BMD) louA 81g twe thwiin endwtiananie (BMD)

v a v o

3.4.3.4 ad@998198 sauduwus 1éun Pearson Chi-square test Lt 87 1A519%
AuduRusves wwat isun1sIgeden1izieuumiy (prediabetes) fU S¥AUAIUNLIRULTDS
wansegn (BMD)

34,35 MyinTvaunIsonnasladafin (Logistic regression analysis) WitevAusiuse
(Odd Ratio : OR) wagA1AINLLTasTy 95% (95% Confidence Interval) Tupnuduiussening inadi

lgsumsitiadaniiznneneuwuIninu (prediabetes) U sEAUAIUILLLYBMNANTEAN (BMD)

A1519 3.2 ADRNITIUNITIATIZIEILUTAS ANUAUNUSTE AN ILUS

FLUILAEANUEUNUSTENINRILUS adnflalunsiasen
21Y Mean and Standard deviation (SD)
bW A Ratio
Atiinaniy (BMI) Median and interquartile range (IQR)

AULANAIITZIINNYIIAT BMD AU prediabetes Pearson Chi-square test

OR Wag 95%C| UpIANUFUNUGTZIIN Logistic Regression model

279A71 BMD AU Prediabetes
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NAN1SIY

¥
av A

nuiteilldumsAnuiesizmilseudisunuudounas (Retrospective case control study)
Huszernan 17 Ideyavestheiomn 517 au ldidsunsesaguamusesd fununess
aunmlsmenunanuusug$ Suwefiuduuua Ussndlne waginsnsaidade Tnnrumunuiy
%aamaﬂsz@ﬂﬁmz@ﬂﬂa’]at,mumﬁaﬁa §euA3es Dual-energy X-ray absorptiometry (DXA) Tng
A3BvIINsnunINteyaIInsruuvedsineualagldssuy PACS (Picture Archive
Communication System) waz HIS (Hospital Information System) sinaiufl 1iugnew 2564
uile 31 Fwnaw 2565 119 egnAneanaNNITITenmn nsunisitdadelsaiummiu 42 au
lsnanuduladings 21 au lsalvduludeaminund 16 Aulsaiumusnduausuladings 22 au
Tsaummusiniuanudulainguasluivludentinung 11 au lsaniassuunsegn 2 Ay JUsyin
mssdinszgn 5 au ldfdhsmanuAdeinunasidaduazinasidnoon S1uau 398 au Tneuus
Toyalu 2 ngu Ao 1. ngunnenoulsalumI (prediabetes) 13U 98 AU way 2. NguUnd
(non-diabetes) 1uau 300 A ABIEINIANTUILANG 4.1

[y [

Fadelaanfiumsiiuteya Iinseidoya waztlauetoyananisivy Al

4.1 HoyafasfuiRsatudnunsiialuvasidhionise
NnnguieTiiunusiuaziteyansuiudiuau 398 au wiadu 2 ngu fe 1. nguae
naulsAluImIY (prediabetes) 3113U 98 AU kag 2. NauUndA (non-diabetes) 313U 300 AU A
nandlun il 4.1 Siwevie 183 Ay (46%) uazinamdls 215 A (54%) Tneideuanuasmungunyii
nqu prediabetes dinendds 43 AU (43.9%) Laginayy 55 au (56.1%) drulunguuni dinandgs
172 Au (57.3%) waginany 128auU (42.7%) fauandlupsed 4.1 wagnwd 4.2
91yLaduTI 47.43 T ongradslungy prediabetes (57.8 U) snnninguund (44.04 U)
Tneuilautaongiiugagg nudtheerglungy prediabetes AfiTrurunanngafetey 61-70
(48%) wagmuaETseny <50 T (32.7%) luvaeitlunguund Afldnnueaungafetasety <50

U (67.3) uaz 11991y 51-60 U (32.3%)

duilinanielungy prediabetes fAads 26.1 kg/m? (S.D. = 4.12) kazd1urudiogis
unfigaddviiunanie 25-29.9 kg/m® 119U 38 au (40%) warlunguundiiddviuianieiads
24.54 kg/m? (S.D. = 4.93) Iﬂm‘hmuéf’;aéwquﬂﬁqmﬁﬁ%ﬁmama 18.5-22.9 kg/m? 97U 117 AU

(42.2%)



N=437

B Nondiabetes

B Prediabetes

300, 75%
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76

61

NONDIABETES PRE&DIABETES

m Male Female

ei o 1 LX) 1
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nunuvseiloudiannsating (PACS wag HIS)
Ad Check up 7l@A5UN150573 BMD dauwnas 19

(1AUB18U2564 D 30NUL1BU2565)

nusidnaan 119 Ay

Tsawumanu 42 au Tsaanudulaings 21 au
Tsalviuluidenfinund 16 aulsaruanausuiv
anuauladings 22 ay
Tsawmmusawivanusiuladinguuasluivlubon
AnUnd 11 Ay

TsAvsszuunszgn 2 Ay

fussiRnisidnnszgn 5 au

dwaudeya (n = 398)

PreDiabetes
HbA1C 5.7-6.4%
(n =98)

31

Non-diabetes
HbA1C < 5.7%
(n = 300)

Ml 4.3 wudanisadunuiasnisiiudeya
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Toyaneesuuinis laun seduthmaazay (HbALQ), Total Cholesterol (TC), Low
Density Lipoprotein Cholesterol (LDL-C), Triglyceride (TG) wag High Density Lipoprotein
Cholesterol (HDL-C) wu315z6iu HbALc 1de lungu prediabetes (5.93%) fifngenitnguuns
(5.16%) waglungu prediabetes Hsgauentusiu TC, LDL-C, TG (218.08, 141.08, 175.66 meg/dL) g4
ninlunguunf (207.8, 128.9, 111.55 meg/dL) anuaau usimsesiulasiu HDL-C Tungu prediabetes

firniade (57.97 mg/dL) Gil’mdmzjmﬂﬂa (64.59 mg/dL)

[

a Y d Y Y 1 aw
MA1919N 4.1 ﬂ@%ﬁWUiqumaQQLﬂqimeﬁf\]ﬁl

Total (n=398) | Prediabetes (n=98) | Normal (n=300) | p-

value

21¢ @), mean + SD. 47.43 + 12.14 578 +12.8 44.04 + 9.78 <0.001*

W, n (%)

Y18 183 (46%) 55 (56.1%) 128 (42.7%) 0.020*

NI 215 (54%) 43 (43.9%) 172 (57.3%)

BMI (kg/m2), mean + SD. | 24.93 + 4.78 26.1 +4.12 24.54 + 4.93 0.006*

HbAlc, mean + SD. 535+ 0.44 593 +0.21 5.16 + 0.31 <0.001*

TC (mg/dl), mean + SD. 210.33 + 46.22 | 218.08 + 55.57 207.8 £ 42.53 0.096

LDL-C (mg/dl), mean =+ | 131.91 + 36.16 | 141.08 + 43.32 128.9 + 33.01 0.012*

SD.

TG (mg/dl), mean + SD. 127.34 + 105.3 | 175.66 + 174.55 111.55 + 61.83 0.001*

HDL-C (mg/dl), mean =+ | 62.96 + 12.87 57.97 + 10.76 64.59 + 13.1 <0.001*

SD.




a | Y v aw
M1319% 4.2 GU'JQE]WQSU@QE;JJLGU'W'JN'JQEJ
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97y @), mean + SD. Total (n=398) | Prediabetes (n=98) | Normal (n=300) | p-
value

<504 234 (58.8%) 32 (32.7%) 202 (67.3%)

51-60 U 108 (27.1%) 11 (11.3%) 97 (32.3%) <0.001*

61-70 ¥ 48 (12.1%) 47 (48%) 1 (0.4%)

>=714 8 (2%) 8 (8.2%) 0 (0%)

M5 4.3 Foyatrsanduiiinanis (BMI) vesfidnsnide

BMI (kg/m2), mean + SD. Total (n=398) | Pre-DM (n =98) Normal (n = 300) | p-value

<18.5 8 (2.2%) 1(1.1%) 7 (2.5%)

18.5-22.9 139 (37.4%) 22 (23.2%) 117 (42.2%)

23-24.9 68 (18.3%) 16 (16.8%) 52 (18.8%) 0.003*

25-29.9 106 (28.5%) 38 (40%) 68 (24.5%)

>30 51 (13.7%) 18 (18.9%) 33 (11.9%)
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4.2 s¥AuAMNUVIUILILLIaNsEAn (BMD) Tungy Prediabetes wag nguund

Al o 2N 7| a o I oA . a 14 v L 7| a v
LN@QWLLUﬂQL"UWi’JN’JQEJLUu 2 nauma pred|abetes kA UNAwan lﬁﬂﬂﬁiLL%ﬂLLﬂQQJ’LGU’Wi’JﬁJ’J‘UEJ

Ju 3 nquenussiuauvuiuNIanszgn (BMD) taun nauun@ fien T score = -1 agen T score

a 1 !

flogszning -1 fa -2.5 3ade 1un1znszeNUIe (Osteopenia) waz A1 T score 71 < -2.5 379w
Ju Tsansggnngu (Osteoporosis) Wuin 252 AU (63.3%) §A1 BMD Unf uaz 8n 146 AU (36.7%)
fie BMD #in1Unf @ osteopenia 111 A (27.9%) uag osteoporosis 35 Al (8.8%) Imﬁlmumjm
prediabetes ﬁ&g’:lﬁﬁ"mﬁ BMD Un@ 65 Al (66.3%) 11 osteopenia 26 AU (26.5%) Lag N1
osteoporosis 7 At (7.1%) luvnigdinguunAfidruiuaudid BMD AaUnd 113 au (37.6%) 1nnin

nay prediabetes 33 AY (33.6) ARSI 4.4

M13199 4.4 TN TINITETIUNANTERUATITLILLLLANTEAN (BMD) Tungu Prediabetes

waz NguUNA

Bone Mineral Density Total Prediabetes Normal p-value
(BMD) (n=398) (n =98) (n = 300)

Normal 252 (63.3%) 65 (66.3%) 187 (62.3%)

Osteopenia 111 (27.9%) 26 (26.5%) 85 (28.3%) 0.713
Osteoporosis 35 (8.8%) 7 (7.1%) 28 (9.3%)
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AU LAV II LTI INUANINAIY

UUINUUIIANSZAN
200
180
160
140
120
100
80
60
0 —
normal Osteopenia Osteoporosis

m Pre&Diabetes m Nondiabetes

AW 4.4 n9LAATIUIUELINTIATTRTMUNAUANLILLLLANTEAN (BMD)

4.3 anudunusvaslade laun 01y wa A1 BMI anlvdiuluden sedvianaazauluidon

dananaszAu BMD Aasnzilaeldadi Univariate and Multivariate Logistic regression

PnNMTIATIEiaLduTusuestaduniee fAun15in1g Lower BMD (osteopenia and

osteoporosis) WU
4.3.1 myiesgilagly Univariate Logistic Regression

a L3 U ! U 1 U = L2 %)l A = U
W?ﬂ’]mi?%%{jﬁ]‘\]ﬂm%‘iﬂ 1 LNA AN BMI Anlusiuludon seauviaaazadlubon favmuds

LY A a

1 a a 1 Aa 1 AV o W = v v & v
WU ULWENLA 878 NUAMUANNUTNUNIILNG lower BMD Y NUUYAIALY UAMUFUNUS Julade

a

‘@84 ( risk factor) § Odd ratio = 1.02, 95%Cl = 1-1.04 ( P-value = 0.019) agnsfladdayn1eaan
IG]EJE]’IEJVIILWIN%H 19 fienandes 1.02 wivion15ifin lower BMD wag iilefiansaniitfadoveanisd]
prediabetes status wu11 N33 prediabetes status fnuduiusiulladedeostu (protective
factor) agslifiedAyeedia da1 Odd ratio = 0.84, 95%Cl = 0.52-1.36 ( P-value = 0.477) A

LAASLURITIIN 4.5



4.3.1 myiaseilagld Multivariate Logistic Regression

dienruauadeniee lawn o1y we A1 BMI Arleduluiden se

1%
[ o

AUUINIAFSEL
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Tuiden wan

N1sauAtlady prediabetes status wuan prediabetes status dANENRUSAUNITIAA lower

BMD agsfidudAgmeadd ( P-value = 0.015) Inailulladudesiu (protective factor) dfn Odd

ratio = 0.47, 95%Cl = 0.26-0.87 (N33 prediabetes status FreU03UN5LARN lower BMD 0.47

wi) Twihweaudfudieniuauynadadewas wui eng danuduiusiunisin lower BMD agedl

Hed1AgyN9ana (P-value = 0.001) Tnenfuilaseides (risk factor) A1 Odd ratio = 1.04, 95%Cl =

1.01-1.06 Fauandlun1sed 4.5

A19199 4.5 Jadeniianuduiusiunsiia Lower BMD (BMD positive: Osteopenia or

Osteoporosis)

Univariate

Multivariate

OR (95%Cl) p-value OR (95%Cl) p-value
31¢ @) 1.02 (1, 1.04) 0.019% 1.04 (1.01, 1.058) 0.001*
LA, Y18 1.35(0.9, 2.03) 0.152 1.47 (0.92, 2.357) 0.112
BMI (kg/m2), mean £ SD. | 1 (0.96, 1.05) 0.918 0.99 (0.95, 1.047) | 0.856
TC (mg/dl), mean £ SD. | 1(0.99, 1.01) 0.549 0.99 (0.988, 1.01) | 0.789
LDL-C (mg/dl), mean +

1(0.99, 1.01) 0.689 0.99 (0.99, 1.012) 0.876
SD.
TG (mg/dl), mean + SD. | 1 (1, 1.01) 0.723 1(0.99, 1.003) 0.75
HDL-C (mg/dl), mean %

1(0.98, 1.01) 0.673 1.01 (0.98, 1.028) 0.715
SD.
Prediabetes status 0.84 (0.52, 1.36) 0.4r7 0.47 (0.26, 0.867) 0.015%




unil 5

aAUsEka a3UNa uazUalauaue

5.1 afUsegnauarauNani1sIeNIsAIY
5.1.1 doyauazdnuvaziuguvasdidisonide

uideidunsAneniiasisiilisuiisunuudeunds (Retrospective case control
study) ifuszezia 1T Hdrmemidetomn 517 518 Aldd3unemmaguninisssnd fusun
nT9gunmlsIneIUIanuNIINg S Sunosludunua Usselne wazvhnsasaidedeinai
Mu%mwaqmamz@ﬂﬁwm%a Dual-energy X-ray absorptiometry (DXA) laggl3dgvinnisnuniuy
Toyadnszuuvadlssnegualagldszuu PACS (Picture Archive Communication System) wag HIS
(Hospital Information System) 5zwinafufl 1fuengy 2564 aufls 31 Asvau 2565 eid13a
ATe RN AR LAz ARBEN 1 398 T8

Tneuusdayailu 2 nqu Ao 1. nguanzneulsAuIvIy (prediabetes) 913U 98 AU
uay 2. Nguunf (non-diabetes) 13w 300 A wuitlungunmzsuuIuTegRAiannny
NANUNAT 57.8+12.8 T uay 46.14+12.85 U auadndiu (P-value < 0.001) Jsaonadosiunuidoves
Khaled K. Aldossari kagande (51) %qlé’ﬁwmiﬁﬂmmmmsqﬂsuaamw prediabetes wag diabetes
waz Jadeidssiifeadoanud §9919 (older age) Hudadeidssvaanisifin prediabetes uas
diabetes

wazideduundeyanuwadu 2 ngu wuinwane (56.1%) T9urumnniunands
(43.9%) lungun1iznsulsaluviiu (prediabetes) Assfutudvlunguundfinands (57.3%) 3
FIUAULINATUNAYIE (42.7%) (P-value = 0.02) TsaanndafuaIuIdeuas Alexandra Kautzky-
Willer kaganlg (52) WUINNATIEULAZINANYILNANDNITITITIUALNITUAAIDDNN AR TATDY
15ALUIMIIY waEN1SANYIANMUYNTBINIEARULSALIMINY (prediabetes)

T The LEAD Study Wui1A N ueen1Ignaulsalu1miny (prediabetes) luinayne
(23.6% ) 1nNIUNANE (17.1%) (53) Ardudiananis (BMI) Aladsveangunngioulsaiuivmiiy
(prediabetes) (26.1 kg/m2) fiAuNAINGUUNR (23.44 kg/m2) ageiltfadAggnisana (P-value =
0.006) FegonadesfusuIsevas Khaled K. Aldossari wazan (51) Fiwuindminiiu (overweight:

25 < BMI < 30)


https://pubmed.ncbi.nlm.nih.gov/?term=Aldossari%20KK%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Kautzky-Willer%20A%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Kautzky-Willer%20A%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Aldossari%20KK%5BAuthor%5D
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warlsngu obese BMI > 30) iutladeidassianisiin prediabetes waz diabetes @au
Arszaulatiuluduidonnuin seau low density lipoprotein-cholesterol (LDL-C), seaulnsnaiae
Lsdi(triglyceride, TG) lunguaniznaulsauImitu (prediabetes) uag 5e6U high density lipoprotein
cholesterol (HDL-C) wana19iuueg 1908 190U ud1Agyn19ai@ (P-value = 0.012, 0.001, <0.001

AuaRy) druszaulalaainesoasiy (total cholesterol, TC) lifimuumnarsiueensddodrAeynig
and (P-value = 0.096)

5.1.2 AIUFUNUSILNINNAIILNBUIUININU (Prediabetes) U 3TAUAMURUILUUNIA
nszgn (BMD)
Tneluaidseduanisdaszsinuin ANNAUNUSVDIAIAIIUNUIMUUVBINIANTEAN
(bone mineral density, BMD) ﬁyuéfnmﬂswlﬂﬂamwuu (distal radius) Wa ¥ ﬂaq'mmwn'au
15ALUMIU (prediabetes) danuduwusiunuudadsdesiu (Protective Factor) ageiitiudAgy
1198/ OR = 0.47 (0.26-0.87) P-value = 0.015 Jsaonndoeiunuideves Bo Liu et al U 2023 1du
N1SLAUSIVSINLE ﬁmiww‘sﬁ’a%mm National Health and Nutrition Examination Survey
(NHANES) wa3Uszannsansgowsisniiiongaunnndy 40T deudd 2005-2018 113w 9661 AU wud1an
BMD fiAnufisdusislundu diabetes (2043 A1) wag sl pre-diabetes (994 Av) #isluuFian hip; OR
=0.023 (0.011,0.034) P-value 0.001, femoral neck; OR = 0.018 (0.008,0.029) P-value 0.001, wa¥
lumbar spine OR; = 0.018 (0.004,0.032) P-value 0.010 (10)
uaﬂmﬂﬁmmmmiﬁﬂwwudw BMD v8si{U801enouuIniu (pre-diabetes) 84l
Lﬁuﬁaﬁqmm%’@ frafiudu anas uarliudouuuas Inenuiteres Chun-Ming Ma and Fu-Zai Yin
Y 2021 nunzneulsAuIIT (pre-diabetes) 71l impaired slucose tolerance (IGT) & BMD
anaveyltsd1Ayn19ada wslundves areal BMD (aBMD) and bone mineral apparent density
(BMAD) (IGT main effect: (B =-0.015, 95% Cl: -0.021~ -0.009, P < 0.001, R2 = 0.018); P < 0.05)
(12) waglu® 2010 ImsAnwlusemanvald fuedildiunmsidadenzeulsauimn (pre-
diabetes) Ing1935 oral glucose tolerance test (OGTT) wu31 lufiAnuunnmageg19ddud1Agy Mg
affvessziuInanszgn (BMD) Inefiiuisuliivusn T-score Augiinsinauddeainieg gucose

metabolism Un@ (Aiade BMD; T scores ¥oengy prediabetes wag nguuni 1y -1.33  1.30

Wag -1.34 + 1.42, anua1nau) (13)
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Y Yy [ '
v A v v v o a

witsdisiulundvesanudssdonininnnensegnindudienfiutudenq Taglud
2022 Albert Shieh et al l#vin1s@nwifisiAsluudves trabecular microarchitecture ¥83n3EgN
iesndeaguluvarsqnuidedaliiduinidaeiuanuduiusvesivae diabetes waz BMD
(UnaIdenU Diabetes Tngtamiziummusiing 2 (T20M) fisedu BMD figedw) Taon1sussiiiu
AMAINYBINTEANIUSEAY trabecular microarchitecture au3ainlalaanisly trabecular bone
score (T8S) Tuauideiinuin anznoulsaumau (pre-diabetes) & TBS ¢ A eadsludiania
weanuiulumavesgUlsiumu (diabetes) (SD -0.21 (-0.38,-0.06) P-value 0.007) (48)

#agtunisfnwiuagnisidenatsqeu Idin1sdudulundvosiadvasnnenou
15ALUIMINU (prediabetes) waziUa8iuImIu (diabetes) ﬁﬂ’J’]iJL?ﬁlﬁl\iq\‘iﬁﬂlzﬁwu’ﬂﬂL‘f]uiiﬂﬂ’izﬁ]ﬂ
31 (osteoporosis) ua iAAnszanazlnnin Tuvaed BUD fmafiuuindu daduanudssions

Y {

Anlsansegnnsuuazniaiiansegnifnaisazanas wikadnsiAnduludagtuduualiuaunisty
aLth Wm;:ﬁ%’wi’qjﬂuamﬂmmﬁwm&Jﬂam%’sLLazmiﬁﬂmm%zmmsaa%msﬁfgmﬁlé’

e 39oldRaTin g uidenanandnvugianizuises1swes]Uas
prediabetes and diabetes ﬁamﬁmaﬁﬁaﬁumiﬁ’wuﬂﬂdmilﬂu‘lsﬂLm‘mm lawn AuRaUn@
Y845¥UU glucose metabolism Lag AMENTOIINILUA (vitamin D deficiency) 6'27!&‘1713& 2 mam'fma
thlugnsiasuuvamesnsegnlusedu microstructure wag matrix Inewileiisufugiisiumiy
nszangnyinatglusedyu microstructure lnensEUIUN1TNTEA UNTTINULUURAUNAYDIYAE
osteocyte Waluwdvoan1svianunassiuay Sanudaun@ans matrix structure LA 1n15LAN
osteoblast apoptosis #9N15%1191UV84 osteoblast differentiation Wag HunsiuvesYaduay
N32UIUNTT osteoclast-mediated bone resorption 391118 n15aAaIvRINIANTEAN (BMD) Loy
AUren1eReuUlsAlUIIY (prediabetes) anhliAnnmsunsndaudugaiuunld Wiun Tsaunsn
Foumala armidenuarnsgadenisueaiiu elszdrutansuinidenuaziul waznisuiniures
dulszam

wilutagtiugihevmuuasruediviinssnw ddlildnsendindadgmitotanumnlaly
A1enaulsALuININU (prediabetes) IA8N1SHAAN1ITUNINTBUNTEANNNIINAIENTEYNNTU
Tnsiamzogadansegnaginnsin (Hip fractures) o19dHasULIITsAUMETaY Ausoudna uazn1asy
fifeauunfunsgaldineannnisquainugiienszgnaginnsin Tnslemzegredslugtiogiongma
GRIN é’mﬁaqmmﬂmﬂLﬁﬁmiz@jﬂazIWﬂﬁ’ﬂiumﬁqqqmqﬁmﬁaé’mwmiﬁmiqm’mﬁﬁu 20% VB4

AUreniinszgnaglnniin (hip fracture) o1adedinlantelu 1 T
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NlanduserIn1391uIu 422 d1urunuszaulyniainAuRnUNAveITsUULHINGEY
nalaa (glucose metabolism) wavddasinslddugauiieansyauiimalufennasnd@in {Uae

Wwmuasiinstuindous ussng wazveudenisliaanziludnuunniesswinassyivervesiilsa

LY <

Tnouaaidey Weanleda uazindeusidus dedinnuddy UANUUDILTIVDINTERN LLi'ﬁmmdwﬁﬁq:ﬁ

msgeydadulinnamineenanismenslaaie
faumngasiummulildinmesuussmuueaifenaiy enathlugnnsvinueaifon

(calcium deficiency) 161 TsAnszanwgu (osteoporosis) Aie TsAmaszuunszgniidssaludaniny

uT59vRINTEAN YNIAAULTILIVBINTLYNANAT kazdEwaNITAANTEANTINAUUTIMA19Y 13a

a a

nszanniustinyRenil (secondary osteoporosis) ABlsANsEANNIUNLAANNINTTALUMI 1Ay

9 U

Y

TugUrelsansegnniunin1glsaluIviusineig danudessinisiinn1ignseaninuInnIau

9

'
o w =

guAsgeliteddny Beonvdmaludnuwaeiiednuiuly nquanznoulsaluImINU(pre-diabetes)

ANUVUILUULIANTEAN (Bone Mineral Density : BMD) ‘Lu;liﬂammm’]mjﬁmﬁ 2 (T2DM)
uay AMzneumsAnlsauImL (Prediabetes) Sunliiululufirnadsituiiosninnalanisiin
samiloufu 21nn3Anw1ves Ma L uaganznuin lugidrsanddedidu T2oM snezd BMD 7
1INNIINGUAUANTAGUAMA Teflauuansneiuedsfiduddmsadd Mean Difference : MD
Winfu 0.04 (95%Cl: 0.02, 0.05) i fiumts femoral neck uag 0.06 (95%Cl: 0.04, 0.08) i s
hip waz 0.06 (95%Cl: 0.04, 0.07) ik uwus spine™ Em]LﬂuiﬂlﬁLﬁaaaﬂﬂdwaaﬁmuﬁuﬁau (insulin)
\Uu anabolic hormone Fsvilwiiua anabolic effects ABNTEAN

(% '
v @ a

Aaunsnfiseaueesluudugduadunszuaidion (circulating insulin levels) Fva1aLdu
anvguasnizesuredvilulugvie T20M Fefinnsiiinduvos BMD (54) wazan Jakob Starup-
Linde uazmmznyU31 T2DM 5 BMD 1R udu waﬁﬁmmL?ﬁlawfaﬂ’]ﬁLﬁ@ﬂig@JﬂﬁﬂMﬂﬁue’ha N4
ﬂmwﬁ{i’alé’muamwﬁﬁdw osteocyte dysfunction Wag hypermineralization Imamwwé’uﬁwma
a4 (hyperglycemia) wag n13@z@uUa3 Advance Glycation End (AGE) products vinlan bone
formation TnemnenseiLn1an3Eiuda osteoblast function Mseslneifiunisadnaans sclerostin
97LYaE osteocyte WAy am bone resorption Tnenisdudenisviauweneas osteoclast virli
1n8923 bone turnover rate anad @wwaliiin microcracks and bone fractures EQJIQVLUﬂ’i’Iﬁ?umﬁﬁ

bone turnover rate anas §anseAulvian1g hypermineralization sin1ssaduves BMD*
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5.1.3 AMUANNUST21HI19A¥EN2an18 (Body Mass Index, BMI) 1ag 5$AUAIURUILLU
Ya3u2an3zQn (BMD)

ANUFUNUSVRISEAUAUTILIaN1Y (Body Mass Index, BMI) Lag S¥AUAIMNNUILULLYBILIA
nszan (BMD) laifiled1Atyn19adidl P-value = 0.918 Tu univariate, P-value = 0.856 lu multivariate
logistic regression) &slslaenndasiuia 2 11T Tl 2017 LuATerludssmAuRanunudn
WABIBLAZIN AN I T lower BMI (underweight) fwwaTifufiaedl lower BMD (Osteopenia and
osteoporosis) agalided1Ay (p < 0.001) (56) waglul 2021 vin1sAnwlulsemeaansgoiusn,
WUIIAMNFUAUSVDITEAU BMI thay szAvU BMD danudunusluifauan(positive association) fiu
g siltfddyn1eadd dedumizfuunsisonguazunndnsiunise Inedi obese population
(BMI>30kg/ m2) Tunguifgeeny (egannnin 60Tlumeve uaz 3nnnin 550lumeamde) fuunliud
A1 BMD 2gen3ngsl normal (BMI<25kg/ m2) uag overweight (BMI>25-30kg/ m2 ) (p < 0.05)’

Tuu1suideseydn danuduiusiuluniauan (positive association) 5¥131958AU
Sugdulunszualden (circulating insulin levels) fu BMD **Taglildfinrsaniitiadodudaaniy
BM) usteehslsfanuiiefiansanuazusutlads BMI udr nuitluranegauide Tunumnuduiusi
Tun1suan (positive association) szwdwszeﬁ’u@uﬁéuiuﬂizl,t,aLﬁam (circulating insulin levels) fiu
BMVD Feonaifululginnsiinturessysu BMD iumwﬁaﬁuﬁﬁu (insulin resistant) Wy 8193161
wsmunsedlasusuitdamanusysiu BMD @slufitaesnante (body mass)

a 1

InedaLiinnsanin n1edu (obesity) gnitansandndutadenvisdesiunensegnngu

)
(osteoporosis) ey masﬂiz@ﬂﬁﬂmﬂimﬂiz@ﬂ'wa;u (osteoporotic fractures) %aﬁmsﬁaqﬁwma@]
nszuIums litandumaiinduves (mechanical load) lfAnmanszdunisasnenszgn (bone
formation)®® sziuges luun15.Ua suweulasiauliiduiealnsiau (androgens-to-estrogens
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