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Abstract

Structured education, behavior modification, and risk factor control are crucial for
self-care, recurrence prevention, and reducing readmission rates among patients with ST-segment
elevation myocardial infarction (STEMI) following coronary intervention. This study aimed to
compare the knowledge and self-care behaviors of STEMI patients before and after receiving
structured education program. This one group quasi pre-post structured education program
was conducted among 30 samples of patients with ST-segment elevation myocardial infarction
(STEMI) following coronary intervention. Before and after, knowledge and self-care behaviors
were obtained by in person interview. Descriptive statistics and paired t-test were employed
to compare mean scores of knowledge and self-care behaviors before and after the
intervention, at 5% significance level. The mean scores for knowledge and self-care behaviors
significantly improved after the structured education program at p-values<.001. Providing
structured education for STEMI patients post-coronary intervention on an individual basis, utilizing
educational media, involving family caregivers, and offering follow-up health information and
guidance via telephone enhances patients' knowledge of the disease and

their ability to adopt appropriate self-care behaviors.

Corresponding Author: Orasa Pairoon E-mail: pairoon32@gmail.com

Keywords: STEMI patients, Structured education program, Knowledge, Self - care behavior
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Abstract

The Vector borne diseases such as dengue fever, chikungunya, and Zika virus infection
are endemic in Thailand and remain significant public health concerns. The Division of Vector
Borne Diseases has developed prototype media disseminated through various channels to
promote behavioral change among the public for Aedes-borne disease prevention. However,
the continued high incidence and widespread distribution of cases suggest reflect limitations
in program implementation. Therefore, it is necessary to evaluate the effectiveness of

communication and public relations on Aedes-borne diseases among the public. This study is
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cross-sectional analytical, involved 1,000 participants selected through multi-stage sampling.
Data were collected using a questionnaire and analyzed using descriptive statistics including
percentage, mean, standard deviation, minimum, maximum and the Chi-square test to
examine associations. The results revealed that the most common channel through which
respondents received Aedes-borne disease information was village health volunteers (65.0%).
The most preferred type of media was motion graphics (42.8%), and the most desired content
was related to disease prevention (76.7%). Exposure to information was significantly associated
with knowledge of dengue fever (p=0.015) and with preventive behaviors (p=0.005). Therefore,
information should be disseminated in formats preferred by the public and through accessible
channels, in order to effectively enhance knowledge and promote appropriate disease

prevention behaviors.

Corresponding Author: Adun Chayyaphong E-mail: wootadun@gmail.com

Keywords: Media exposure, Knowledge, Preventive behaviors against Aedes-borne diseases
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e = syAUANAIALARBUINMIFLTBE 1 TITRLTULS

[y ~

7 = SEAUANMURIBNUY NSEAUAMUIBNUY 95% A1 Z = 1.96

' [
= vYa v o

Fsm53dunslfiforimuasefumnuiBesiuil 95% sefuaunaInirdeueINNTLTIBEN
gouliAnTUlAT 5% uardndiuvesdnuneiiaulaluuszeins wihiu 0.87 sldannsAnuives
dindoansmnuid saasiaumgAnssuguainiinuin Ussanwudesas 87 Inssuianansisainsie
ihlngsaelussduuunansdiann snmsdnaldnguiiegisiiuiiay 174 au uasdfinA1uszauns
nsnoudfiaslinoudiony fesay 15 vaeng udegs lwldauiades il uiiay 200 Ay
117w 5 Al sadusaunguiiedns egendiun 1,000 au Tnevinsduiaes uuuuvaneduson

(Stratified Multi-stage sampling) el

Y A v A & 4 Y '

Uil 1 N3AREaNNUNlAENITTALUINIA

1. Wsnsgulnewussvmnsesniunguees (Stratified sampling) anus1en1A iedauusnui
ganu 4 n1a lawn mMamile aald arAnans wuazniesgiuesniduunile

2. 1938191 88NwULIR12939 (Purposive sampling) Andanngannumiuas tungudiegns
Alglunsfiny

g-” dl L = L L

VUil 2 N3AAEINIMIN

o A o Y] a ) Yaa - . .

Andondanin i atdudununialaeldinisidanuuuiaizas (Purposive sampling)
lngdniiendaminnignsdieliadanaiilaegsaglul 2565-2567 aeaaluisaznin s3udmin
MUY 4 T30 LaZNFIINUNIUAS

Uil 3 N1IARLEINSNNBNTBLUA

Andendunevisewsiilumunuunazdwin dwinas 2 dune uarlunjunnumiuns 2 we
lagldi5n1918enUuula1zae (Purposive sampling) lngdnliangineniawaniildnsivielsnfinge

P pins
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thlngesaegaaealuld 2565-2567 Ludwuil 1 uazaduil 2 vesusiazdmin mdunedidudauny
8 9LND uaY 2 LU
uii 4 msdadandiuavizonsag
FaLdenduanionvasiiiuiunundazdnevieun s1neviewnas 2 Muanionwa
Inelgign1si@enuuuianzas (Purposive sampling) Imaﬁ’mLﬁaﬂ(ﬁmam‘%aLLémﬁﬁﬁi"]mu;:Jﬂ's&Jisﬂamssia
ihlnsgsanogagalud 2565-2567 Wudduil 1 wazdduil 2 vesusazdnenieiun sausua
yiouraiiluiiunu 16 fua uag 4 U
uit 5 msdadanyszvins
yhnnsAaldennguiiegadi ldlunisidoaudadiuvesusazdmin lneidendszuivy
fifiorgdaud 18 DTulY wouiebudlimusaniielunisneuuvuasuany lne3snisdadon
wUUUL8ey (Accidental selection) musuusethsluusariui
wnasin1sAaianngasiiagiadangy (Inclusion criteria)
1. uganlunsnulasinsidy
2. flongsaust 18 Tauly
3. anunsneunisdela
4. rdvogluiudifiivunnnmt 19
nasinsAaiannguiiagseananngs (Exclusion Criteria)
1. nanastasiiaulsiaunglaluvaeiiuuuasuny
2. poufnaliasunsitdmuely
in3asilafldlun1sade
wdesdteflilunmsiduadell Ao uuvasuaunisdndutnians Au3 wavnginssunislesiu
TsansouilasgsatgvosUszannu @ 2568 Feideaiieduannisdnwiesdarudainvdsde
MIA1T LONANT WA wasaddeiiendas st muareutnemsasaeiesdieliaenadeaty
Yaqusrasduasnidelaonuuasuaiy Usznaudie 4 neu fail
mouil 1 Jayarialu ldun e 01y szunsAn uazendw Snwardermanudunuunsivaey
3798115 (Check list) uagiumadluyasing
pouil 2 nsliagutinaanslsafadeainlaggsane ldun UsriRnsfuinaslsainsdothlaeysans
Tusou 6 ieufinuu Foswnunsunsfildfuguuuudedesnnidemidesnsdnuuedadin
Junuunsiaaeausenis (Check list)
mouil 3 Anwilsadnsoilaggsany S1uau 10 e Wunuuveaey $1uu 3 fiden fo gn iAn
warlingiu Anmziezuuulimezuuadefiimdud 0-1 lnefinrsanemunasivesugu Bloom™
Pemzhuy 0.80-1.00 vnede Anuslsrdndetlaggsaaglusediugs
Premghuy 0.60-0.79 wneds Anulsaindetlaggsaisaglusyiuliunans
P3AzUuUY 0.00-0.59 winefe Auilsndnderlneganseglusysusii
naudl 4 waAnssunistasiulsaiindatilnegsate S1udu 10 Te dnway Tedanundy
wuunasUszanaAn (Rating Scale) Tneiidanany Usesn uneads liime Sinsieiazuuvldenzuuy
wAefifiedausd 0-3 Tnefansanauinasiveauas Best™
Yuazhul 2.01-3.00 mneds nginssudesiulsaliidenssnagluseiuas
Yuazhuy 1.01-2.00 mneds ngdnssudesiulsaldidensanagluszAuliunans
P3AzuUY 0.00-1.00 vaneds wadnssudesiulsaliidensenagluszaiusm
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wsosefildldtunismearumsadaidom (Content validity) lnefilieamgy $1umm 5 viu
Mo wldumautludlunnaeutugiiidnuansindiAssundusiegiesiuiu 30 Ay
udhmmageuauliesiu (Reliability) #835ves Kuder-Richardson gns KR-20 lunuuasunaiy
druanuiFedlsaliidensen Ida1anudedu 0.770 uagifduusednsuoatinvesnsouuia
(Cronbach’s Alpha Coefficient) Tuwuuaaussaunginssumstlestulsaliidensen daanudesiu
Wity 0.825 Fsuuuaeuamianasinunineglunasiinasgisensuls

Bmsiudeya

1. FAdedadeUsrauiudtnanudesiumuadlsawazdinauassagudwiamsaudnim
yildeudafimatosmaiuteyadunguemaiaside Wensuwarlimmueyengilumsduiuns

2. fideuszaumhsmuas Y waveaairsassguUsssmtulumsasiuiiiudoya
dedhdsomatasnguidmangluiiufiitvun Taodeniufifluuwdsdndyvosmu wu sain
Tsa5ou annuiisivnng Wud

3. AouSudunaiudoya redIdeaveSenuavdonientumsideliunonamased1ednay
Taglinwnidilade uavvelienaatasduieluwuuleduuanseudugouneuGuneuluuasuany

4. Az Touanuuuasuniuuienanaing wielieranainsnousioaules uaznsIvaey
AHANYTAIATUNIY

a L%
N13AATITRVDYA
a ¢ v °o Y aa a v 1o v ' a
Tangideyalagldlusunsudniaguldadadanssaun laun 91wy Sevar Anade
dnueuunnsgu AwNan waeAaEn wadldad Ao laauens (Chisquare) lunsvegeuaudaniug
nsilasurnasisadinseilaggaatgiuauslsadanetilaggaty waznganssunisdesiu
LspRnsanlaggsaIe

2385554
n1539uluAsdiuN1TRAITNAINANENTTUNTITe Uy InerduneruiaususIvyudl
UNTPITSE 1aa7 COA NO.6/2568 ERB NO 1/2568 Lilaiuil 29 weunau 2568

=

NANTSANY
L4 o 1 1 o | ) a L4 1 1 I 1

1. Yayadnvazuszrininuld naudltegrulumands Seuar 66.9 o1wdulvgieylungu
97g 45-60 U Sovay 34.6 59983 A Naue1y 60 VTUlU Feway 33.0 (21ywdy 52 U o1yagn 18 U
warenggegn 92 U) AmumsAinwinudn ngusegnaunsinwseaulszaudng Segay 45.6 50t fie
seaulseuAnwnoulate/Ua. feuar 20.8 A1UBITINNUIN NANAI0E19UTENBURITNNEATNTTY
Fouay 25.0 5998911 Ae BTSN Seuaz 20.8 T1aLBEARINISIN 1
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M19199 1 91U3U UazTogasaInguiiog 19 kunauanwaeiiily (n=1,000)

Joya U Sovaz
9NN
NTIMNUIUAS 200 20.0
MERNG R 200 20.0
WYSUS 200 20.0
QUATIYEIH 200 20.0
it 200 20.0
LINF
48 325 32.5
T 669 66.9
LGBTQ+ 6 0.6
218 @)
18-24 68 6.8
25-34 127 12.7
35-44 129 12.9
45-60 346 34.6
60 Yiuly 330 33.0
Min=18 U Max=92 U Mean=52 U Median=54 U
SZAUNTSANEN
Uszaufine 456 45.6
AseuAnNYInOUAY 163 16.3
Aspufnwnoulae/U. 208 20.8
auUSu /U 44 4.4
Seyarn3vuld 129 12.9
1IN
INUAINTIN 250 25.0
Sudealy 208 20.8
ANE 147 14.7
WU/ WU 115 11.5
199U 89 8.9
DIUNDATE 72 7.2
9131%N15/3538 MR/ NINUVRIST 54 5.4
WHNULDNYU 36 3.6
Hniseu/AlnAnY 29 2.9

2. n15lasuY1ra1slsnfan el laggsats Nan1IANYINUI1 TuYae 6 LU HIULY
naudieg1alasuteyariasieliulsadnseiilaggiaty Sovay 86.8 Je¥eaneiingufiegig
lpsumasunniign Ae enanalinsansisauguussdmy U Sevay 65.0 09031 Ao dedsnueaulal
Facebook, LINE, Instagram, X, U TikTok Sewar 33.4 lagsuuuudelsadinsetlaggaiefingusiiog
v - A A A 1% A A = % o  w g &
Aeosmsunnigafe denmiedeuln Seuay 42.8 sosmun fie demnades Tegay 27.4 dmsuussiuiiom
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YaalsAf s ot lage @187 NGNAI9E 1WABINITNIIVNINTER Ao Aun1sUesiu Segas 76.7 58383
B MMUBINTT F08AY 63.3 TILAZIBEARINNTINN 2

M157991 2 911U LazTaUazYRINgUiag 19T UNANNT AT UI aslsARnsedlaugIaTe

Joya U Sovaz
Tuseu 6 iWeufisiusvinuléuteyainiasieaiulsafadeinlass sanevialsl
lasu 868 86.8
Lulleisu 132 13.2
inuagldsudayatniansisafnsailasgsaiariiudasnisladng (n=868)
oanadAsansIsauUIEI MU (aau.) 564 65.0
Tnsviend/idaiis 371 42.7
Aodspaoaulan wu Facebook, LINE, Instagram, X, g TikTok 290 33.4
Ay 277 31.9
Wng/meTura/Amehians g 250 28.8
RN/ 50NTEANLEEN 249 28.7
theusgnma/Ussanduiudlufiansisne 159 18.3
weiuiu/Wawes 140 16.1
low/aAfites 123 14.2
WY 75 8.6
Aanssuluguyy 1w nuyy Nudssnd 50 58
LGOI 24 2.8
felsaRndarnlasgemesunuulaivinudasnisuiniign:
Fonmmadeulm 428 42.8
Fomades 274 27.4
Fonanaud 180 18.0
Ao 109 10.9
Folulssniweud 9 0.9
\emvaslsafnsiatilnegeansiiviiudasnmatuiiaglsthe
n1stasiu 767 76.7
91113 633 63.3
Gal 476 a7.6
N3N 372 37.2
nsfnsie 353 353
Foyaiienfuganme 242 24.2
a0 sadEtae 203 20.3

*FNUAMENIINNITAINITNIZANELES Aanisinsyied wazAanisinsauuauis iy

3. anuiuazngAnssunistasiulsaindaiilaggeans nan1sAnyinuin nquaieglg
dnnuilsadnderilasgeansluszdugs Uiunans uagen fovay 33.6, 29.6 uag 36.8 AuaFy
(X=0.64, SD=0.24, azuuuiadsify 1) uagingAnssunisdesiulsafndotilnogaarslusedugs
Ununans wazdn fevay 77.6, 21.2 uaz 1.2 audidu (X=2.37, SD=0.50, Azuuulad oify 3)
wazBenfined 3
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M13197 3 T LarTeEArYRINAUMBE NTMUNMINTEAUAINS waznginssunsUesiulsnfinge
Wlagedaiy (n=1,000)

fauus U fovaz
anuilsnfnsailagegany
SEHU (F29AZUU 0.00-0.59) 368 36.8
seaulIunans (B19AzuL 0.60-0.79) 296 29.6
UGN (F9AzUU 0.80-1.00) 336 33.6

(X=0.64, SD=0.24, Min=0.0, Max=1.0)

waAnssunslasiulsafasatilagegsany

SeeuURn (929AzUUY 0.00-1.00) 12 1.2
seauUIUNa19 (T9AZLUY 1.01-2.00) 212 21.2
JEAUER (F9Aziu 2.01-3.00) 776 77.6

(X=2.37, SD=0.50, Min=1.0, Max=3.0)

4. anuduiusvainslniutnlasiuanyd uaswginssunstasiulsafadatilaey iy
HaNSANwINUI1 NMsiUaTuTIEsEaNuduTusuauslsadasetllage saag1eiidedfny
N9EdaN (p=0.015) BnVslAnuduiusiungAnssunslesiulsrfinsiounlnegsaigegelivodAny

'
aaa

NNA0AN (p=0.005) T1UALLDYARINITNT 4

M19199 4 AnuFuRusveINMUasurnansiuanug waengiinssunmsdesiulsafinseinlagesany
lagadAbaaads (n=1,000)

nsiasudnEns
. Isafndaunlaggany )
Auus o oo X p-value
1a5u Tailasu
9w (Govay) 9w (Govaz)
anuilsnfasoiulageany
AU 304 (90.5) 32(95) 59 0.015
szeus-UIunans 564 (84.9) 100 (15.1)
wgRnssulasiulsafnasaiilasesang
JEAUE 686 (88.4) 90 (11.6) 7.7 0.005
seeUR-UIunans 182 (81.3) 42 (18.8)
3150d

1. Yosnsiinguiiegsldsudelinfnnotlaggsaisuniian Ao oraadasaisisuay
Usgdmfthu fesay 65.0 e3unelean 1esaneranasinsansisuguuszsmythududenanssening
sruuUInsquaniulszvu suiadunalnddylunisiienendeyagunmssdugurulnsanis
Tuflufivuunuded e denaiisets Jeadu wazauaulsadunisluunuimvssonanasias
a513ugUsEs vy tudesu fiRnudingn $1uu 4 adsiaiiou wiewnnd 4 adsawon
Fromauaiiiailissssuillonaldnutuomadasassgulsssmytueguosass uenaini
NMIANYINUT 1anadinsanssaguussmyUnuiiunumlunismvauuasdesiulsaldidenssn
Tuseaugs"® Gedndiunislusudamde 1enans Waimes uazdndnssanisieunsussvduius
dlosnussdluduanidasiulsnne Tuyusu® Snifsormatnsassuguusysmg truduaulusmsy
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fszrudiosnsniian

4. anuduiussendnanisilasuyniarsiuaius lsaiadourlnggaanguasnganssy
nsUasiulsadndeiilasgmienanisfnuinudl Matasuinasianuduiusiuaiuslsadnse
Ulaggsany waznginssunistesdulsafndeiilaegsatseasuisladn anusgiduaiiuaiunse
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Tnvdnilvgfldsudeyafnananeaatasasisuguussdmytiu S aduyanafiondelugmuien iy
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Abstract

Tissue engineering has emerged as a transformative field in regenerative medicine,
with scaffold design playing a critical role in supporting cell growth and tissue regeneration.
However, replicating a complex architecture and mechanical properties of native tissues
remains a significant challenge. Recent advancements in artificial intelligence (Al) have
revolutionized scaffold development by enhancing a design and fabrication processes to
achieve specific functional properties. Al-driven approaches enable the prediction
of biomaterial properties, optimization of scaffold geometries, and real-time control of
fabrication processes, significantly reducing the reliance on trial-and-error experimentation.
Al-integrated additive manufacturing has demonstrated superior accuracy in producing
patient-specific, mechanically robust, and biologically compatible scaffolds. Moreover,
Al models facilitate precise prediction of scaffold mechanical behavior and degradation
profiles, accelerating the development of clinically viable tissue engineering solutions.
This review highlights the integration of Al across various stages of scaffold development and
discusses its potential to overcome existing limitations, paving the way for more personalized,
effective, and scalable regenerative therapies.

Corresponding Author: Kittaphiphat Lee E-mail: kvtphiphathnli@gmail.com

Keywords: Tissue Engineering, Scaffold, Artificial Intelligence, Regenerative Medicine

Introduction

Tissue engineering represents a rapidly evolving domain within biomedical science,
aiming to develop functional biological substitutes for replacement, or regeneration of
damaged tissues and organs. This interdisciplinary field integrates principles from cell biology,
materials science, and engineering to create constructs capable of restoring or enhancing
physiological function. A fundamental component of tissue engineering strategies is the use of
scaffolds-three-dimensional, biocompatible structures designed to replicate key aspects
of the native extracellular matrix. These scaffolds provide essential physical support and
biochemical cues that facilitate critical cellular processes such as adhesion, proliferation,
migration, and differentiation.

Despite substantial progress over recent decades, the design and fabrication of
scaffolds continue to present considerable challenges. The inherent complexity and
heterogeneity of biological tissues, combined with the constraints of traditional experimental
approaches, often limit the development of optimal scaffold architectures and functionalities.
In this context, artificial intelligence (Al) has emerged as a promising tool to overcome existing
limitations and accelerate innovation in scaffold design. By leveraging machine learning (ML)
and deep learning (DL) algorithms, Al enables the analysis of large, high-dimensional
datasets to identify patterns, predict scaffold performance, and guide the design of advanced
biomaterials with improved efficacy.

This review highlights recent advancements in the integration of Al methodologies
within the tissue engineering landscape, with a particular emphasis on scaffold development.

It examines how Al-driven techniques are reshaping conventional paradigms by enhancing
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design efficiency, enabling the creation of patient-specific solutions, and facilitating
the discovery of novel material compositions and architectural features, thereby advancing

the broader objectives of regenerative medicine.

ARTIFICIAL INTELLIGENCE

Al-AIDED PREDICTION
OF SCAFFOLD
PROPERTIES

Al-AIDED Al-AIDED SCAFFOLD

SCAFFOLD DESIGN FABRICATION

- Topology optimization - Additive manufacturing - Mechanical behavior
- Parametric modeling - 3D bioprinting - Degradation profiles
- Blomimetic structures - Process optimization - Performance evaluation

Figure 1 Integration of Artificial Intelligence in Tissue Engineering Scaffold Development.

A flowchart illustrating the contribution of artificial intelligence (Al) to three core stages
of scaffold development: design, fabrication, and property prediction. Al enhances these
stages through techniques such as topology optimization, additive manufacturing, and
mechanical behavior modelling, thereby supporting the development of personalized

and efficient tissue-engineered scaffolds.

Methodology

This review synthesizes recent literature on the application of artificial intelligence (Al)
in tissue engineering scaffold design, fabrication, and property prediction. A structured search
was conducted using databases including PubMed, ScienceDirect, and Google Scholar for
articles published between 2010 and 2025, with a particular emphasis on studies from 2022

» o«

onward. Keywords used in the search included “Al,” “machine learning,” “3D bioprinting,”
“scaffold design,” and “tissue engineering.”

The inclusion criteria focused on peer-reviewed studies that demonstrated
the integration of Al into scaffold-related processes. The selected articles were analyzed and
categorized into three main themes: technological advancements, practical applications,

and emerging challenges, to provide a comprehensive overview of the current landscape.

Literature Review

Al-aided scaffold design

One of the main challenges in tissue engineering is replicating the complex architecture
of natural tissues, which includes organization, mechanical properties, vascular networks,
and dynamic interactions between cells and the matrix. Designing scaffolds that mimic these
features requires a comprehensive understanding of biological systems and precise control
over key parameters such as geometry, porosity, mechanical strength, and degradation rate.
Scaffold geometry plays a critical role, as it influences how well the scaffold integrates with

bone, with pore size and shape affecting nutrient transport'”.
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Traditional scaffold design methods often rely on trial and error or basic modeling,
which can be inefficient and require skilled designers®. These methods may not be suitable
for personalized or large-scale production. Parametric design helps by allowing researchers to
define adjustable geometric parameters to create various structures. However, this leads
to many experiments to find the best designs, reducing efficiency. Topology optimization is
another method that finds the best material distribution to maximize strength or minimize
weight, resulting in robust and material-efficient scaffolds. However, it provides complexity
and high cost when many variables are involved”. When integrated with Al, topology
optimization becomes more powerful. Deep learning models can create scaffold designs that
mimic the intricate internal architectures of natural tissues. Parametric design, by adjusting
input parameters such as pore size and orientation, enables the rapid development and
analysis of many designs. When paired with Al or genetic algorithms, it allows real-time
adaption to meet mechanical and biological needs.

Researchers introduced Machine Learning (ML) to optimize bone tissue engineering
scaffolds by focusing on triply periodic minimal surface (TPMS) structures, which are known
for their mechanical and properties. They generated a comprehensive dataset comprising over
a thousand TPMS designs with measured properties such as density and stiffness. The ML
models showed high predictive accuracy, achieving a median error of less than 3% and
a correlation coefficient exceeding 0.89'Y. This approach enabled the successful design of
scaffolds that closely mimic the mechanical characteristics of natural bone.

The integration of Al, topology optimization, and parametric design has made scaffold
development more predictive, personalized, and efficient. This approach reduces reliance on
trial-and-error methods and facilitates the creation of scaffolds that are both mechanically
robust and biologically compatible. As biomedical data and technologies continue to
advance, the role of Al in scaffold design is expected to become increasingly pivotal in

the field of regenerative medicine.

Al-aided scaffold fabrication

Scaffold fabrication plays a critical role in tissue engineering by providing structural
frameworks that support biological function. Additive manufacturing (AM) enables the
production of scaffolds with complex microarchitectures and offers design flexibility to
accommodate diverse clinical requirements. The integration of Al further enhances
the accuracy, efficiency, and customization of scaffold development, enabling the creation of
patient-specific constructs for regenerative medicine.

In 3D bioprinting, precise control of printing parameters such as pressure and speed
is essential. Al can optimize these parameters, leading to consistent scaffold quality and
reduced fabrication time. Machine learning have demonstrated approximately 85% predictive
accuracy in forecasting filament properties in extrusion-based bioprinting(‘”. Additionally,
Al facilitates the development of high-throughput screening systems that identify ideal printing

conditions and enhance the mechanical performance of hydrogel scaffolds®.
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Ning et al.”’ have shown integrating machine learning with 3D bioprinting enhances
scaffold fabrication by optimizing formulations, predicting parameters, and real-time defect
detection. This approach reduces the need for traditional trial-and-error methods, speeding
up the discovery of optimal printing conditions. Gharibshahian et al.” incorporated ML into
the scaffold fabrication process, highlighting its role in refining printing parameters, increasing
precision, shortening fabrication time, and improving scaffold uniformity through real-time
monitoring and defect identification. Additionally, they utilized ML to enhance bioink
formulations, achieving a balance between cell viability and mechanical strength.
Mohammadnabi et al.®’ showed how combining AM with Al can improve tissue engineering
scaffold production. They used different techniques to create accurate scaffolds while Al
optimized printing settings for better quality and efficiency. However, challenges in material
choice and scaling production were noted, and clinical validation is still needed.

Overall, the integration of Al and AM has markedly enhanced the design and efficiency
of tissue-engineered scaffolds. By making the process more predictive and less reliant on
empirical trial-and-error, these technologies contribute significantly to the advancement of

personalized regenerative therapies.

Al-aided scaffold property prediction

The mechanical properties are essential for ensuring that scaffolds effectively replicate
the physical environment of native tissues. The primary properties include tensile and
compressive strength, stiffness, elasticity, and toughness. These characteristics are crucial in
determining the structural integrity of the scaffold and significantly influence cellular behavior®.

Traditionally, the accurate evaluation of Young’s modulus and yield strength in lattice
structures depends on comprehensive experimental testing and finite element method (FEM)
simulations. Nevertheless, FEM frequently encounters challenges with complex scaffold
geometries, especially those with high aspect ratios, intricate designs, or manufacturing
imperfections, which can result in unreliable predictions?.

To address these limitations, recent research has shown that artificial neural networks
(ANNSs) present a robust alternative. ANNs can learn complex relationships between scaffold
design parameters and mechanical performance from extensive datasets, enabling rapid and
accurate predictions of mechanical properties without the requirement for labor-intensive
simulations. Bai et al.” indicated that ANN models could accurately predict the Young’s
modulus and yield strength of lattice structures with prediction errors below 5%, while
significantly decreasing computational time in comparison to traditional FEM analysis.
The implementation of ANN-based predictive models thus improves the efficiency of scaffold
design processes, facilitating the development of mechanically optimized and clinically
applicable tissue engineering scaffolds. Bermejillo Barrera et al.'? presented an Al-driven
methodology to anticipate the mechanical properties of tissue engineering scaffolds utilizing
3D convolutional neural networks (3D CNNs). By transforming CAD scaffold models into digital
tomographies, the 3D CNNs were trained to predict properties such as young’s modulus,

shear modulus, and porosity. This approach provides a rapid and accurate alternative to
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conventional finite element simulations, especially for complex scaffold geometries.
Omigbodun et al.""integrated ML to predict the mechanical properties of 3D-printed
polylactic acid scaffolds reinforced with calcium hydroxyapatite. The models demonstrated
high predictive accuracy for both compressive and tensile strengths.

The integration of Al has proven to be an effective approach for predicting the
mechanical properties of scaffolds. This approach enhances the material design process and

significantly reduces the need for extensive and costly experimental trials.

Challenges and Future Directions

Despite promising

Advancements, the integration of artificial intelligence (Al) into tissue engineering faces
several key challenges. First, the quality and quantity of training data remain critical
limitations. Most Al models rely on large, high-resolution datasets of scaffold designs and
mechanical properties, which are often limited or inconsistently reported across studies.
Improving standardization in data collection and sharing will be essential for the development
of more robust and generalizable models.

Second, integration with current manufacturing systems, particularly 3D bioprinters and
additive manufacturing platforms, presents technical and cost-related challenges. Many
existing systems lack real-time data interfaces or adaptability to Al-driven optimization, which
limits their widespread adoption in clinical settings.

Third, clinical validation and regulatory approval remain underexplored areas.
While Al-assisted scaffolds show potential in preclinical models, few have progressed to
human trials. Regulatory frameworks for Al-integrated biomaterials are still evolving and
requiring interdisciplinary collaboration among engineers, clinicians, and regulatory agencies.
Looking forward, future research should focus on:

e Developing multimodal datasets that combine mechanical, biological, and clinical
performance data;

e Advancing explainable Al models to ensure transparency in decision-making;

e Exploring smart scaffold systems that adapt in response to biological feedback;

e Creating digital twin frameworks to simulate patient-specific tissue regeneration outcomes.

Additionally, fostering collaboration among material scientists, data scientists, and
clinicians will be crucial to translate Al-driven innovations into safe, personalized, and scalable

regenerative therapies.

Discussion

Artificial intelligence (Al) is rapidly transforming tissue engineering by advancing scaffold
design, fabrication, and mechanical property prediction. Al enables the creation of complex,
biomimetic structures through data-driven design tools such as topology optimization and
parametric modeling. In fabrication, Al enhances precision and efficiency in additive
manufacturing and 3D bioprinting by optimizing real-time printing parameters and improving
scaffold uniformity. Moreover, machine learning models enable accurate prediction of

mechanical behavior, thereby accelerating the development of clinically viable scaffolds.
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Despite these advancements, several challenges still remain. These include the need for
large, high-quality datasets, seamless integration with manufacturing platforms, and comprehensive
clinical validation. Overcoming these barriers will require interdisciplinary collaboration,
improved data infrastructure, and the development of explainable and scalable Al models.

In the future, the convergence of Al with smart biomaterials, digital twin modeling, and
personalized medicine holds great promise for the development of next-generation scaffolds.
With ongoing innovation, Al is poised to play a central role in advancing safe, effective, and

patient-specific regenerative therapies.

Acknowledgement
The authors would like to express their sincere gratitude to our advisor, Dr. Kasem

Theerakittayakorn, for his guidance, instruction, and encouragement throughout this work.

References

1. Ibrahimi S, D’Andrea L, Gastaldi D, Rivolta MW, Vena P. Machine Learning approaches for
the design of biomechanically compatible bone tissue engineering scaffolds. Computer Methods
in Applied Mechanics and Engineering [Internet]. 2024 [cited 2025 Jun 12];423:116842.
Available from: https://www.sciencedirect.com/science/article/pii/S0045782524000987

2. Zheng X, Chen TT, Jiang X, Naito M, Watanabe |. Deep-learning-based inverse design of
three-dimensional architected cellular materials with the target porosity and stiffness using
voxelized Voronoi lattices. Science and technology of advanced materials [Internet]. 2023
[cited 2025 Jun 12];24(1):1-15. Available from: https://www.tandfonline.com/doi
/full/10.1080/14686996.2022.2157682

3. Bai J, Li M, Shen J. Prediction of Mechanical Properties of Lattice Structures: An Application
of Artificial Neural Networks Algorithms. Materials [Internet]. 2024 [cited 2025 Jun 12];17(17):4222.
Available from: https://www.mdpi.com/1996-1944/17/17/4222

4. Limon SM, Quigley C, Sarah R, Habib A. Advancing scaffold porosity through a machine
learning framework in extrusion based 3D bioprinting. Frontiers in Materials
[Internet]. 2024 [cited 2025 Jun 12];10:1-13. Available from: https://www. frontiersin.org/
journals/materials/articles/10.3389/fmats.2023.1337485/full

5. Chen B, Dong J, Ruelas M, Ye X, He J, Yao R, et al. Artificial Intelligcence-Assisted High-Throughput
Screening of Printing Conditions of Hydrogel Architectures for Accelerated Diabetic Wound Healing.
Advanced Functional Materials [Internet]. 2022 [cited 2025 Jun 12] ;32(38):2201843. Available from:
https://advanced.onlinelibrary.wiley.com/doi/abs/10.1002/adfm.202201843

6. Ning H, Zhou T, Joo SW. Machine learning boosts three-dimensional bioprinting. International
Journal of bioprinting [Internet]. 2023 [cited 2025 Jun 12];9(4):739. Available from: https:
//pme.ncbi.nlm.nih.gov/articles/PMC10261168/

7. Gharibshahian M, Torkashvand M, Bavisi M, Aldaghi N, Alizadeh A. Recent advances in artificial
intelligent strategies for tissue engineering and regenerative medicine. Skin Research and
Technology [Internet]. 2024 [cited 2025 Jun 12];30(9):e70016. Available from: https://
pubmed.ncbi.nlm.nih.gov/39189880/

30



MsmsaantusrUszansainds U7 9 atufl 3 Ausneu - §unnAu 2568 J Raj Pracha Samasai Institute Vol. 9 No.3 Sep - Dec 2025

8. Mohammadnabi S, Moslemy N, Taghvaei H, Zia AW, Askarinejad S, Shalchy F.
Role of Artificial Intelligence in data-centric Additive Manufacturing Processes for Biomedical
Applications. Journal of the Mechanical Behavior of Biomedical Materials [Internet]. 2025
[cited 2025 Jun 12];166:106949-9. Available from: https://pubmed.ncbi.nlm.nih.gov/40036906/

9. O’Brien FJ. Biomaterials & scaffolds for tissue engineering. Materials Today [Internet]. 2011
[cited 2025 Jun 12];14(3):88-95. Available from: https://www.sciencedirect.com/science/
article/pii/S136970211170058X

10. Bermejillo Barrera MD, Franco-Martinez F, Diaz Lantada A. Artificial Intelligence Aided

Design of Tissue Engineering Scaffolds Employing Virtual Tomography and 3D Convolutional
Neural Networks. Materials [Internet]. 2021 [cited 2025 Jun 12];14(18):5278. Available from:
https://www.mdpi.com/1996-1944/14/18/5278

11. Omigbodun FT, Osa-Uwagboe N, Udu AG, Oladapo BI. Leveraging Machine Learning for

Optimized Mechanical Properties and 3D Printing of PLA/cHAP for Bone Implant.
Biomimetics [Internet]. 2024 [cited 2025 Jun 12];9(10):587. Available from:
https://www.mdpi.com/2313-7673/9/10/587

31



MsmsaantusrUszansands U7 9 atufl 3 Ausneu - §unAu 2568 J Raj Pracha Samasai Institute Vol. 9 No.3 Sep - Dec 2025

UNAMUNUIYN Review Article

AMzunIndouvanszantugUlelsaluIniTukazANUNNTDY
vaansiAsuuaduiluwadnssgnusswadduiiia
Bone related complications in diabetic patients and an impaired osteogenic
differentiation of stem cells

Wsaug nindiaile’ Peeradon Sapsenee’
913U 90987 AN’ Amin Jonghwan Kim?
RREGM ﬁ]ﬁqﬁﬂﬁ’adﬁ3 Charuthas Charusakwong®
ngAu wsuTIng* Krittin Trenavit*
UOUA Iﬁﬁ]u’dqa5 Naruebodee Rojanasakul®
s ynsauysal® Siriporn Shupetchsomboon®
NsaSeuaISauiaun I Ine 18N wa Sans 'Kasetsart University Laboratory School
guef?a”mmgﬁm/mmiﬁmsn Center for Educational Research

and Development
150SeguaIznuIdIvIf “King Mongkut's Institute of Technology
aorvumeluladnszvosuna 745/7@214747/17 587903509 Ladkrabang Interational Demonstration School
3?504%%%7%7%’)975@@21/%;‘GAWW‘? *Singapore International School of Bangkok
Slyusyuunnyiauaslnagenlys *>Anglo Singapore International School
Sin3dedasTe ¢Independent Researcher

DOI: 10.14456/jrpsi.2025.17
Received: July 7, 2025 | Revised: July 19, 2025 | Accepted: August 1, 2025
UNANED

Tsauawa1u (Diabetes Mellitus : DM) tJulsaniauniueddus osiiddnuwazeinis fe
wﬁ’uﬁé’]maimﬁamqﬂaEJ'NG]'EJLﬁ'm s‘z’fﬂﬁﬂlﬂq'ﬂnzl,t,mﬂ%uﬁ'Lﬁmsﬁluiuwmmzwﬁumiwma
sudslymmsnsegnitinlignidedensoldsunisideduadh Wesaniinsnsranuanumuiy
winszanUnd wislarudsdunisifansinnggngetu nmsfnwiadedifnguazasd wWesusam
LL@%E?{JQLﬂi’]zﬁ‘lﬂjjayjaLﬁlEJ%ﬁJU‘WSﬂgﬁﬂWW%m{]mM’mizaﬂIuﬁgﬂ’JEJLU’WI’N‘L!IG]EJLQ‘W’]% AIANYINULY
lsaluImnuiinansenudeanisuand1eradaunLilalun1sasiansean Fadunszurunsfiddy
”Lumwﬁuﬁmzqn miﬁﬂmﬁi{f’i%miwmu%’aaﬂammiimﬂﬁaﬂ,mLﬁamm%%’aﬁLNULLWi’isz'ﬂ
A.f. 2000 4 A.A. 2024 IINFITBYAR LAk PubMed, ScienceDirect, Scopus tag Google Scholar
HANIIANYILAASITLAUI LS ALUIMITUEINAN TENUABANUANAATBINSEANHIUNA N VAT8RENY LYY
ANIATEANNUG A eneenTindu MsavauvesasHaniaminsnaneiug veng lada uaznisaadayayo
vadlalalatifinelviAnnissniau %qﬁgwmﬁfdamaiﬁmaﬁwmmmLszjaéa%qng]ﬂ Osteoblast [@ane
uazanAuATNTEAN uonntwadduridnng Ui Tnsmzmadfurideanid e ety
Faflauunnseslunisadianszgn dadeulostunisngavzinvoadumaluianasie 1y
N19WANI08NBY RAGE 71 uniAuly n15ui 1 O-GlcNAcylation 98¢ Runx2 Sg@U BMP-4 i1
Lazn13veuT AnunAvesdayyras PI3K/AKT/B-catenin ﬁfﬂfﬁ’ﬂL%ﬁ'ﬂﬁﬁﬁ'Nﬁﬂﬁﬂis@jﬂLinz

o w ]

wagnsvinnszanianisiudat nmsidilanalnwaniifadudeddgdmsunisiauinissneigath

32



MsmsaantusrUszansands U7 9 atufl 3 Ausneu - §unAu 2568 J Raj Pracha Samasai Institute Vol. 9 No.3 Sep - Dec 2025

wazn1sUTuUTmaansnensegnlufdisiumiu waznsfnwineddniiuduazyie lunisdwe
msfinwilluldlunagnsnsshufiunzay wazdudiuduniu

Ansiaginus: fsaud nindiadd duua: captain020751@gmail.com
AEARY: lIAluIvINY, AeunINgouaInTEgn, Wadaun e, NLUWTeINTEgN

Abstract

Diabetes mellitus (DM) is a chronic metabolic disorder that causes persistent hyperglycemia
and leads to various systemic complications, including bone-related issues, which are often
underdiagnosed due to a paradox of normal bone mineral density (BMD) despite an elevated
fracture risk. This review synthesizes current evidence on a pathophysiology of bone complications
in diabetic patients, particularly focusing on how diabetes impairs the osteogenic differentiation
of stem cells, a key process for bone regeneration. A narrative literature review was conducted,
analyzing studies published between 2000 and 2024 from sources including PubMed, ScienceDirect,
Scopus, and Google Scholar. Findings indicate diabetes disrupts bone homeostasis through
mechanisms such as oxidative stress, accumulation of advanced glycation end products (AGEs),
and inflammatory cytokine signaling, all of which negatively affect osteoblast function and
reduce bone quality. Additionally, stem cells, especially mesenchymal stem cells (MSCs) from
diabetic patients, exhibit impaired osteogenic differentiation, a defect linked to molecular
disruptions like RAGE overexpression, O-GlcNAcylation of Runx2, low BMP-4 levels, and dysfunction
in PI3K/AKT/B—catenin signaling. These factors contribute to bone fragility and delayed fracture
healing, underscoring the need for a deeper understanding of these mechanisms to develop
targeted regenerative therapies and improve skeletal outcomes for diabetic patients. Further

clinical studies are necessary to translate these findings into personalized treatment strategies.
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Introduction

Stem cells are unique in their capacity for self-renewal and multilineage differentiation,
enabling them to maintain tissue homeostasis and facilitate regeneration after injury. Among
these, mesenchymal stem cells (MSCs) play a critical role in skeletal repair, given their ability to
differentiate into osteoblasts, chondrocytes, and adipocytes. The osteogenic differentiation of
MSCs is essential for bone remodeling, fracture healing, and osseointegration. Any dysfunction
in their regenerative capacity whether due to intrinsic abnormalities or systemic disease can
hinder bone formation and repair, leading to long-term musculoskeletal complications'”.

Diabetes mellitus (DM) is a chronic metabolic disorder characterized by persistent
hyperglycemia resulting from defects in insulin secretion, insulin action, or both. It is classified
into two major types: type 1 diabetes mellitus (T1DM), caused by autoimmune B-cell
destruction, and type 2 diabetes mellitus (T2DM), marked by insulin resistance and relative
insulin deficiency'®. While the complications of DM such as cardiovascular disease, nephropathy,
neuropathy, and retinopathy are well known, its negative impact on bone health has received

less attention despite its clinical significance.
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Patients with diabetes have an increased risk of fractures, even when bone mineral
density (BMD) appears normal or elevated®®. This paradox suggests that DM compromises bone
quality more than bone quantity. Recent studies have shown that diabetes induces oxidative
stress, chronic inflammation, and the accumulation of advanced glycation end products (AGEs),
all of which impair osteoblast function, disrupt bone matrix architecture, and delay healing®®.
These metabolic insults not only affect mature bone cells but also interfere stem cell
differentiation into osteogenic lineages.

Specifically, hyperglycemia, AGEs, and dysregulated cytokine signaling are implicated in
the impaired osteogenic differentiation of various stem cell types, including bone marrow -
derived MSCs, adipose-derived stem cells, and periodontal ligament stem cells!".
These alterations are linked to molecular mechanisms such as RAGE overexpression, excessive
O-GlcNAcylation of Runx2, and suppressed BMP-4 expression, all of which compromise
the ability of stem cells to support bone regeneration*?.

Despite mounting evidence, significant gaps remain in our understanding of how diabetes
alters osteogenic signaling across stem cell populations. There is limited insight into how disease
duration, glycemic control, and pharmacologic therapies influence stem cell behavior, in vivo.
Moreover, the translation of in vitro findings to clinical interventions remains underdeveloped.

This review aims to synthesize current evidence on bone-related complications in
diabetes and to elucidate how impaired osteogenic differentiation of stem cells contributes to
these outcomes. By identifying key molecular mechanisms and research gaps, this review seeks

to inform future strategies for regenerative therapy and fracture risk reduction in diabetic patients.

Methodology
A narrative literature review was conducted using databases, including PubMed,
ScienceDirect, Google Scholar, and Scopus. Articles published between 2000 and 2024 were

» o«

searched using keywords such as “diabetes mellitus,” “bone complications,” “osteogenic

» o«

differentiation,” “stem cells,” and “fracture risk.” Inclusion criteria focused on peer-reviewed
studies involving bone metabolism or stem cell differentiation in diabetic contexts, including
both human and experimental studies. Non-English and non-peer-reviewed articles were
excluded. Over 30 relevant articles were selected and synthesized into two main themes:
bone-related complications in diabetes and impaired osteogenic differentiation. No formal

quality appraisal was performed, but preference was given to recent and methodological studies.

Literature Review

Bone related complications in DM patients

DM is associated with significant bone-related complications, notably an increased risk
of fractures, which is a serious concern for both TIDM and T2DM diabetes patients. Despite
normal or even increased bone mineral density (BMD) in some cases, the fracture risk is
underestimated by current diagnostic tools. The pathophysiology of diabetes-related bone
disease is multifaceted, involving both metabolic and structural changes in bone tissue.
This complexity necessitates a comprehensive understanding of the underlying mechanisms

and the development of improved diagnostic and management strategies.
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Bone-related complications in DM patients typically include decreased BMD and an
increased risk of fractures. Bone fragility is a significant complication. The risk of fractures is
higher in TIDM compared to T2DMY. T1DM is associated with lower BMD and accelerated
postmenopausal bone loss, while T2DM may present normal or high BMD but still has a
comparable fracture risk due to altered bone microarchitecture®*'?. In T1DM, lower BMD and
a higher prevalence of asymptomatic vertebral fractures are observed*®. The complications
include Charcot joint involvement, which results from neuropathy and altered blood flow,
causing local inflammation and joint erosions, ultimately increasing the risk of ulcer formation,
especially diabetic foot ulcers™®. T2DM is linked to increased fragility fracture risk, despite
normal bone mineral density and higher body mass index. Factors such as exogenous insulin
therapy, vascular complications, and poor glycaemic control contribute to this elevated risk.
The underlying mechanisms are complex, involving obesity, hyperinsulinemia, hyperglycemia,
and the accumulation of advanced glycation end products, which negatively affect bone-cell
function and bone-matrix composition(m. Post-fracture mortality is also notably worse
in T2DM patients.

This is due to an imbalance between bone formation and resorption, driven by
hyperglycemia-induced oxidative stress, advanced glycation end products (AGEs), and
persistent inflammation®®. DM negatively provides impact to bone health by disrupting various
processes, including bone formation and resorption, collagen formation and cross-linking, and
calcium metabolism. Low bone turnover is due to osteoblastic dysfunction resulted in
abnormalities in microarchitecture®. AGEs and homocysteine negatively impact osteoblasts
and osteocytes. Anti-diabetic drugs also influence bone metabolism, contributing to
the complexity of these complications. Additionally, hyperglycemia influences the secretion
of inflammatory cytokines, skeletal muscle function, and increases bone marrow adiposity“g).
Alterations in the insulin signaling pathway and impaired osteocyte characteristics further
compromise bone formation. These factors collectively lead to a heightened fracture risk and
delayed fracture recovery in individuals with DM.

DM patients experience of impaired bone healing due to alterations in bone
metabolism, characterized by reduced bone formation and increased bone resorption.
Chronic hyperglycemia leads to the accumulation of AGEs in bone collagen, compromising
its mechanical properties. Additionally, DM complications like peripheral neuropathy and

(19

microvascular disease further contribute to osteoporotic fractures™”. Complications like

retinopathy and neuropathy heighten fall risk, further exacerbating fracture likelihood and
leading to poorer healing outcomes post-fracture?.

While the increased fracture risk in diabetes is documented, the precise mechanisms
remain incompletely understood, and further research is needed to elucidate these pathways.
Additionally, the impact of diabetes medications on bone health requires careful consideration

in the management of diabetic patients to mitigate fracture risk, effectively.
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Osteogenic Differentiation Impairment

DM adversely affects the osteogenic differentiation of stem cells, which is crucial for
bone health and regeneration. Osteogenic differentiation impairment in diabetic patients is
a multifaceted issue influenced by various biological and molecular factors. This impairment
is linked to factors such as AGEs, high glucose concentrations, and specific gene expressions.

In patients with T2DM, peripheral blood-derived mononuclear cells (PBMCs) exhibit
significantly impaired osteogenic differentiation, with a rate of 7.4% compared to 86.7% in
age-matched controls (p < 0.0001)*". This impairment is associated with lower expression
levels of osteogenic markers ALPL, COL1A1, and BGLAP, and non visualized mineralization.
Fasting plasma glucose (FPG) was identified as an independent risk factor for this defect.
Additionally, T2DM patients showed increased sensitivity to the receptor of AGER and higher
cellular apoptosis, contributing to the differentiation impairment. Osteogenic differentiation
impairment was observed in approximately 60% of PBMCs from T2DM patients treated with
metformin monotherapy. Only 40% of these cells expressed osteoblast-specific genes,
compared to 90% in age-matched non-diabetic controls??. The study identified higher
expression of RAGE and apoptotic signals in diabetic patients with impaired differentiation,
indicating a significant link between RAGE overexpression and reduced osteogenic potential
in early-stage diabetes.

The osteogenic differentiation of mesenchymal stem cells (MSCs) is obviously poorer
in DM patients. Nguyen et al.” indicates that osteogenic differentiation of human adipose
tissue-derived MSCs is impaired under high D-glucose concentrations, specifically at 25, 50,
and 100 mM. This impairment is evidenced by decreased expression of osteogenic-specific
genes, such as Runx-2 and ALP, as well as reduced mineralization, as shown by Alizarin Red
S staining. Diabetes impairs osteogenic differentiation of bone marrow-derived MSCs by down-
regulating key transcription factors associated with the osteogenic pathway, such as Runx2
and Tgfb3. In vitro studies demonstrated that BM-MSC from diabetic Zucker rats exhibited
significantly reduced osteogenic differentiation compared to lean controls, while no significant
differences were observed in adipogenic or endothelial differentiationV. This imbalance in
gene expression and differentiation capabilities may contribute to the impaired regenerative
potential of stem cells in diabetic patients. This impairment is linked to decreased integrin
subunit alphal0 (ITGA10) expression, which disrupts the FAK/PI3K/AKT/GSK3 B/B-catenin
signaling pathway, ultimately affecting the adhesion, migration, and osteogenic differentiation
abilities of bone marrow-derived MSCs in T2DM patients".

Osteogenic differentiation impairment in DM patients is linked to high glucose
environments, which inhibit the differentiation of periodontal ligament stem cells (PDLSCs).
This study found that high glucose reduces the expression of osteogenesis-related markers
like RUNX2 and promotes the sumoylation of IGF-1R, which binds to SLUG, further inhibiting
osteogenic differentiation®. Consequently, this mechanism contributes to alveolar bone loss

in diabetic patients. Osteogenic differentiation impairment is significantly influenced by low
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expression levels of bone morphogenetic protein-4 (BMP-4) in their blood. This deficiency
hinders the osteogenic potential of alveolar bone marrow-derived MSCs, leading to reduced
proliferation, migration, and differentiation. Consequently, this impairment contributes to the lower
success rates of implant osseointegration in T2DM patients compared to nondiabetic individuals'?.
Osteogenic differentiation impairment in diabetic patients is linked to hyperglycemic
conditions that induce excessive protein O-GlcNAcylation. High glucose, glucosamine,
or N-acetylglucosamine treatments increased O-GlcNAcylation of Runx2, a key transcription
factor for osteoblast differentiation. Consequently, this led to decreased transcriptional
activity of Runx2 and reduced expression of osteogenic marker genes, ultimately suppressing
osteogenic differentiation™?, Thus, excessive O-GlcNAcylation is a contributing factor to
impaired osteogenic differentiation in diabetes. A comparative summary of these molecular

mechanisms across different stem cell types is presented in Table 1

Table 1 Summary of mechanisms impairing osteogenic differentiation across stem cell types

in diabetes mellitus.

Mechanism

Stem Cell Type

Key Studies

Effects

Advanced Glycation
End Products (AGEs)

& RAGE overexpression

Peripheral blood-derived
mononuclear cells
(PBMCs), MSCs

(11, 20)

Reduced
osteogenic markers
(ALPL, COL1A1),

increased apoptosis

marrow-derived MSCs

High Glucose / Hyperglycemia | MSCs from bone marrow, (7, 8) Suppressed
adipose tissue, PDLSCs osteogenic gene
expression and
mineralization
O-GlcNAcylation of Runx2 MSCs (C2C12 model) (10) Decreased Runx2
activity, impaired
differentiation
Low BMP-4 Expression Alveolar bone (12) Reduced

proliferation,
migration, and

osteogenesis

FAK/PI3K/AKT/catenin Bone marrow-derived 9) Impaired adhesion,

Pathway Disruption MSCs migration, and
osteogenic
potential

IGF-1R Sumoylation
& SLUG Binding

Periodontal ligament
stem cells (PDLSCs)

Inhibited RUNX2
expression and

osteogenic capacity
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Discussion

The relationship between diabetes mellitus (DM) and impaired bone health is
multifactorial, involving a complex interplay between hyperglycemia, oxidative stress,
inflammatory cytokines, and advanced glycation end products (AGEs). This review highlights
how these systemic effects of DM compromise the osteogenic differentiation potential
of mesenchymal stem cells (MSCs), which plays a pivotal role in bone remodeling and repair.
Multiple studies consistently report reduced expression of osteogenic markers such as Runx2,
ALP, and COL1A1 in MSCs derived from diabetic patients or cultured under high-glucose

conditions101!

) However, while this impairment appears universal across different stem cell
sources bone marrow, adipose tissue, periodontal ligament, the extent and mechanism of
disruption vary depending on the stem cell type, diabetic model, and disease stage.
For example, Phimphilai et al.?” found that only 40% of peripheral blood-derived mononuclear
cells (PBMCs) from T2DM patients expressed osteoblast-specific genes, compared to 90% in
controls, underscoring a significant decline in osteogenic potential even in early-stage T2DM.

Interestingly, certain signaling pathways such as RAGE overexpression, O-GlcNAcylation of
Runx2, and downregulation of BMP-4 appear to be consistently implicated across studies'%122%.
These pathways offer promising targets for therapeutic intervention. For instance, metformin
has been shown to partially rescue osteogenic differentiation by modulating BMP-4 expression
and reducing apoptosis, suggesting that pharmacologic modulation of these pathways could
mitigate skeletal complications in diabetes?.

Clinically, the findings help explain the paradox of elevated fracture risk in diabetic
patients with normal or even high BMD, particularly in T2DM. Bone fragility in diabetes is
increasingly understood as a quality rather than density problem linked to poor collagen

(4,5

integrity, disrupted bone architecture, and impaired cellular turnover*®. Moreover,

complications such as neuropathy and visual impairment further increase fall risk, while
impaired healing exacerbates post-fracture morbidity?.

Despite these advances, several gaps still-remain. A few studies have longitudinally
tracked changes in osteogenic capacity over the course of diabetes progression, nor evaluated
how factors such as glycemic control, insulin use, or comorbidities influence stem cell
behavior. Furthermore, most evidence is derived from in vitro studies or animal models,
highlighting a need for human clinical data to confirm translational relevance.

In summary, impaired osteogenic differentiation in diabetic conditions is a critical
contributor to bone fragility and delayed fracture healing. Understanding these mechanisms
not only enhances our biological insight but also opens avenues for targeted regenerative

therapies and personalized care strategies for diabetic patients at risk of skeletal complications.

Conclusion

It is anticipated that this review will provide researchers with a clearer insight into
the roles of stem cells in diabetic complications, thereby facilitating the advancement of
stem cell therapies for these conditions. While the primary focus is on the impairment of

osteogenic differentiation due to DM, it is important to consider that not all DM patients

38



MsmsaantusrUszansands U7 9 atufl 3 Ausneu - §unAu 2568 J Raj Pracha Samasai Institute Vol. 9 No.3 Sep - Dec 2025

experience the same degree of impairment. The factors such as the stage of DM, individual
genetic predispositions, and the presence of other comorbidities can influence the extent of
osteogenic differentiation impairment. Additionally, therapeutic interventions targeting these

molecular pathways may offer potential solutions to mitigate these effects in DM patients.

Challenges and Future Directions
Despite significant progress in understanding the impact of diabetes mellitus (DM) on
bone health and stem cell function, several key challenges remain that hinder clinical

translation and targeted therapeutic development.

1. Limited human clinical data

Most current evidence arises from in vitro studies and animal models. While these
models provide valuable insights into molecular mechanisms, their applicability to human
bone biology is limited. There is a pressing need for longitudinal human studies to validate
these findings and assess how disease progression, age, and comorbidities influence
osteogenic capacity in diabetic patients.

2. Heterogeneity of stem cell responses

The degree of osteogenic impairment varies significantly among different stem cell
sources bone marrow, adipose, periodontal ligament, diabetes types (T1DM vs. T2DM), and
individual patient characteristics. Future research should focus on comparing stem cell populations
under standardized diabetic conditions to identify the most suitable sources for therapeutic use.

3. Lack of integrated biomarker studies

Reliable biomarkers for early detection of bone quality deterioration and stem cell
dysfunction in diabetes are lacking. Investigations into circulating factors, such as BMP-4 levels,
AGEs, or RAGE expression, could offer non-invasive tools for patient risk stratification and
monitoring of bone regeneration potential.

4. Limited exploration of therapeutic modulation

Although some agents such as metformin restores osteogenic function via BMP-4
modulation, there is limited research on other pharmacologic interventions that could tar get
pathways such as O-GlcNAcylation, RAGE, or PI3K/AKT/B-catenin. Preclinical studies should explore
combination therapies or biomaterial-based delivery systems for more effective outcomes.

5. Clinical translation and personalized regenerative therapies

A critical gap exists in translating these cellular and molecular findings into practical
clinical solutions. Future directions should focus on developing stem cell-based therapies,
tissue engineering strategies, and personalized medicine approaches tailored to the metabolic
profile and osteogenic potential of individual diabetic patients.

By addressing these challenges, future research can move closer to developing
effective interventions that restore bone health and regenerative function in patients with diabetes,

ultimately reducing fracture risk and improving quality of life.
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Abstract

The use of public transportation in urban areas has been steadily increasing due to
urban expansion and increased travel demand. Road accidents remain a significant problem,
impacting the safety of passengers and other road users, particularly in urban areas, where
accidents are more common than in other areas. This is primarily due to driver risk behavior.
The World Health Organization (WHO) calls for all countries and all partners to adopt a safe
systems approach in their operations to achieve the goal of reducing road traffic fatalities by at
least 50% by 2030. Therefore, the study aimed to study the health, attitudes, and safety driving
behaviors of urban public transportation drivers, and the relationship between their health,
attitudes, and safety driving behaviors and accidents. The study aimed to identify key factors
directly influencing accidents among public transportation drivers and serve as a guideline for
planning appropriate awareness raising among public transportation drivers. A literature review
and additional data were collected from all drivers who underwent a driving competency test
with a public transportation license at the Institute for Urban Disease Prevention and Control.
The samples consisted of 834 public vehicle drivers who held valid licenses and participated
in a driving performance assessment. Participants were selected using purposive sampling between
October 1, 2023, and March 31, 2024. Data were collected using a questionnaire. Data analysis
was performed using descriptive statistics and Chi-Square to determine the relationships
between variables. The results showed that 85.0% of participants were male, and 28.1% were
aged between 51-60 years. Most had completed upper secondary education (33.0%) and had
more than fifteen years of driving experience (40.6%). Regarding health behaviors, 73.3% had
no chronic diseases, 54.0% had never smoked, and 62.8% reported alcohol consumption.
Additionally, 54.4% consumed energy drinks, 78.1% drank coffee, and 44.2% had been involved
in traffic accidents. The overall attitude toward safe public vehicle driving was at a very good
level (Y = 4.48+0.27) and an overall safe driving behavior was at a good level (Y = 3.68+0.46).
The analysis revealed statistically significant differences in the occurrence of accidents between
groups classified by gender, underlying disease, duration of driving experience, smoking, and
sleep duration (p<0.05).

Conclusion: Effective prevention of traffic accidents among public vehicle drivers should
focus on regulating driving hours, health monitoring- especially among drivers with chronic
conditions-promotion of adequate rest, and smoking reduction. In addition, gender-specific
interventions should be considered, and further research is recommended to explore other
influencing factors.

Corresponding Author: Khammakorn Thiangthangthum  E-mail: yamong_ththth@yahoo.co.th
Keywords: Health status, Attitude and Driving Behavior, Traffic accidents, Public Vehicle Drivers
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Abstract

Cardiovascular diseases (CVD) and stroke remain the leading causes of death and
disability worldwide, accounting for nearly one-third of all global deaths. In 2021, cardiovascular
diseases caused approximately 20.5 million deaths, while stroke was responsible for more than
6.5 million deaths. The burden of these diseases is particularly high in low- and middle-income
countries (LMICs), where over 80% of all deaths from these conditions occur.

In Thailand, more than 65,000 people die from heart disease each year, and there were
approximately 350,000 new stroke cases reported in 2023 most of which resulted in long-term
disability. This review summarizes and analyzes current literature on cardiovascular disease and
stroke, integrating global evidence with data relevant to the Thai context.

Both CVD and stroke share common pathophysiological mechanisms, including
endothelial dysfunction, chronic inflammation, oxidative stress, and atherosclerosis, which
affect the functioning of blood vessels and the heart. Modifiable risk factors such as
hypertension, diabetes, obesity, smoking, poor diet, and air pollution contribute significantly to
the increased prevalence of these diseases, while non-modifiable factors such as age, sex, and
genetics interact with modifiable ones to exacerbate the risk. Advances in diagnostics, such as
MRI for ischemic stroke and troponin tests for acute myocardial infarction, have improved
diagnostic accuracy, while treatment innovations, including mechanical thrombectomy, newer
anticoagulants, and device-based therapies for advanced heart disease, have enhanced patient
outcomes. Prevention strategies are implemented at the primary, secondary, and tertiary levels;
however, gaps remain in areas like the long-term effects of air pollution, genetic research in
Asian populations, and the development of suitable prevention programs in Thailand’s
healthcare system. Strengthening disease prevention, improving access to quality diagnostics
and treatment, and addressing these research gaps are crucial steps to reduce premature
mortality and disability due to CVD and stroke.

Corresponding Author: Sujimon Mungkalarungsi  E-mail: khunsujimon.m@gmail.com
Keywords: Heart disease, Stroke

Introduction

Cardiovascular disease (CVD) encompassing both heart disease and stroke remains
the foremost cause of death and disability worldwide. Together, these conditions are
responsible for nearly one-third of global mortality. Beyond their contribution to premature death,
they place a substantial and growing strain on health systems through long-term disability,
escalating healthcare expenditures, and reduced quality of life. The impact is particularly
pronounced in low- and middle-income countries (LMICs), where the majority of

cardiovascular deaths occur?.
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Over recent decades, the burden of CVD and stroke has increased steadily, driven by
population aging, urbanization, and persistent lifestyle-related risk factors. In Thailand,
this global pattern is reflected in the continued prominence of heart disease and stroke as
leading causes of death and disability, highlighting the urgent need to strengthen prevention,
early detection, and long-term management efforts®®.

Understanding the biological and mechanistic basis of these rising trends is crucial for
developing effective prevention and management strategies. Therefore, the following section reviews
current scientific evidence on the underlying pathophysiology of cardiovascular disease and stroke.

A comprehensive literature search was conducted using PubMed, Scopus, and official
WHO and Thai Ministry of Public Health databases to identify English and Thai-language
publications from January 2013 to August 2025. Search terms included cardiovascular disease,
stroke, Thailand, prevention, and thrombectomy. Studies were selected based on
methodological rigor, relevance to cardiovascular and cerebrovascular disease, and
applicability to the Thai context. Preference was given to clinical guidelines, meta-analyses,

large cohort studies, and government reports that provided current epidemiological or policy data.

Literature Review

Despite advances in treatment and prevention, the pathophysiology of CVD and stroke
underscores their complex, multifactorial nature. Endothelial dysfunction, chronic
inflammation, oxidative stress, and genetic predispositions interact with lifestyle -related risk
factors to accelerate atherosclerosis, vascular remodeling, and plaque instability, ultimately
leading to acute cardiovascular and cerebrovascular events®. Importantly, the interconnection
between these conditions is increasingly recognized, as illustrated by the “stroke-heart syndrome,”
where acute ischemic stroke precipitates cardiac dysfunction through systemic inflammation
and autonomic dysregulation'®.

The Stroke-Heart Syndrome — Recent Advances and challenges

Stroke-Heart Syndrome Prognosis:

2-3 fold increased risk of short-
term mortality

1.5-2 fold increased risk of
MACE during long-term

Definition:

New evidence of cardiac
alterations or documented
worsening of premorbid
cardiac function after Risk factors:

ischemic stroke Age, pre-morbid heart disease,
stroke-specific factors (severity,

Manifestations: insular cortex)

ECG changes, arrhythmia

Myocardial injury, ACS :

Heart Failure, Takotsubo
Sudden cardiac death

Pathophysiology:
Autonomic dysbalance

and inflammation

-> Stroke-induced ,cardiac
Frequency: stress test’
10-20% cardiac SAE

within 30 days Perspectives:

Join forces to identify treatments
Time-Course: (basic/ clinical scientists;
Peak within 72 hours neurologists/ cardiologists/
up to 30 days. immunologists)

© (5 [ @eP

Figure 1 Summary of key criteria and of the Stroke-Heart Syndrome. ACS indicates acute

coronary syndrome; MACE, major adverse cardiovascular events; and SAE, severe adverse events®).
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The majority of cardiovascular and stroke events are attributable to modifiable risk
factors, such as hypertension, diabetes, obesity, smoking, poor diet, and environmental
exposures including air pollution”. However, non-modifiable risks, including age, sex, and
genetic predispositions such as APOE and NOTCH3 mutations, remain important determinants
of disease burden®®. This duality highlights the importance of comprehensive strategies that

combine risk prediction, early detection, evidence-based treatment, and population-level prevention.

Cardiac function Q@)

F'

Physiological cardiac function
- Acute phenotype

; = Chronic phenotype

WVEF L
LV fractional shortening
Myocardial injury (troponin) T
Cardiac atrophy T

LVEF L

Cardiac hypertrophy T
Interstitial cardiac fibrosis T
Left atrial remodeling T

T T T T
id 3d 4w 8w

4
Physiological cardiac function
— Ischemic stroke

1) Myocardial injury (troponin 1)
2) Acute coronary syndromes

3) ECG changes and arrhythmia
4)

Systolic and diastolic dysfunction
5) Sudden cardiac death

Incident MACE T
Incident HF T
Cognitive impairment T
Cardiovascular death T

T 1 1 1
id 3d 4w 1y

Time since stroke

Figure 2 Phenotypes and time course of the Stroke-Heart Syndrome in rodent models and clinical practice®.

Given the immense burden of CVD and stroke, and the persistence of preventable risk
factors despite decades of intervention, it is essential to critically review current evidence.
This paper synthesizes recent literature on the epidemiology, pathophysiology, risk factors,
diagnostics, management, and prevention of heart disease and stroke. Special attention is
given to the Thai context within a global framework, identifying knowledge gaps and
highlighting future directions for research, policy, and practice. To begin this synthesis,
the following section examines the global and national epidemiology of cardiovascular disease

and stroke, outlining the magnitude, trends, and distribution of their burden across populations.

Epidemiology & Burden

Heart disease and stroke remain the two leading contributors to global mortality and
disability, imposing an unparalleled burden on public health systems worldwide.
Cardiovascular disease (CVD) causes an estimated 20.5 million deaths each year, representing
nearly one-third of all global deaths, while stroke contributes approximately 6.5 million
deaths annually. Together, these conditions are responsible for the greatest share of
noncommunicable disease (NCD) deaths globally, with stroke ranking as the second leading
cause of death and the third leading cause of combined death and disability worldwide .
Beyond mortality, millions of survivors live with long-term sequelae, including physical
disability, cognitive impairment, and diminished quality of life, which place an enormous strain
on healthcare systems, economies, and families.
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The global prevalence of CVD has risen dramatically over the past three decades,
nearly doubling from 271 million in 1990 to 523 million in 2019. This escalation is driven not
only by demographic shifts such as population aging and urbanization but also by persistent
lifestyle-related risk factors, including poor diet, physical inactivity, smoking, and obesity@.
Similarly, the global burden of stroke has increased substantially, with projections estimating
an 81% rise in new cases by 2050, underscoring the urgency of more effective prevention,
screening, and management strategies(3).

In Thailand, these global patterns are mirrored with alarming implications. Heart disease
remains a leading cause of premature mortality, responsible for over 65,000 deaths annually
equivalent to five deaths every hour®. Stroke is the second leading cause of death, with
349,126 reported cases in 2023, a case fatality rate of about 10%, and long-term disability in
more than 60% of survivors'?. Hospital data further illustrate the challenge: heart failure
admissions increased from 1.2% in 2018 to 1.5% in 2019, and the combined rate of rehospitalization
and mortality among these patients remains persistently high at around 34%, reflecting
ongoing gaps in chronic disease management.

At the regional level, Thailand’s cardiovascular mortality rates fall within the mid-range of
the ASEAN average (123.2-406.2 deaths per 100,000 population in 2022). While ASEAN
as a whole has experienced a 16.9% decline in CVD mortality since 1990, the absolute
burden in Thailand continues to rise due to population growth, increased life expectancy, and
escalating NCD risk factors, particularly diabetes, hypertension, and obesity"'?. Unlike many
high-income countries that have successfully reduced CVD mortality through early detection,
advanced acute care, and preventive strategies, Thailand faces challenges related to uneven
healthcare access, delayed diagnosis, and limited integration of preventive programs at
the community level.

These trends highlight the urgent need for targeted prevention and control strategies
tailored to Thailand’s demographic and socioeconomic context. Priority areas include scaling
up risk factor screening, strengthening health literacy, improving access to diagnostic and
rehabilitation services, and implementing population-wide interventions such as tobacco control,
dietary salt reduction, and policies addressing environmental exposures. Without
decisive action, the burden of CVD and stroke in Thailand is projected to rise further, exacerbating
health inequities and straining national healthcare resources. The subsequent section discusses

the key pathophysiological mechanisms linking cardiovascular and cerebrovascular disease.

Pathophysiology

Cardiovascular disease (CVD) develops through a complex interplay of vascular,
metabolic, inflammatory, and genetic mechanisms. A central initiating event is endothelial
dysfunction, which disrupts the normal barrier and regulatory functions of the vascular
endothelium. This dysfunction increases vascular permeability, promotes lipid infiltration into
the arterial wall, and reduces nitric oxide bioavailability, thereby impairing vasodilation .
Over time, low-density lipoprotein (LDL) cholesterol particles accumulate beneath

the endothelium and undergo oxidative modification. These oxidized lipids stimulate
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the recruitment of monocytes and the formation of foam cells, which contribute to
the development of fatty streaks, the earliest visible lesions of atherosclerosis.

As the disease progresses, chronic inflammation and oxidative stress drive further
vascular injury. Activated macrophages and T cells release cytokines, proteases, and reactive
oxygen species (ROS), which weaken the fibrous cap covering atherosclerotic plaques and
increase the risk of rupture®. This process, combined with vascular remodeling, leads to
narrowing of the arterial lumen and reduced blood flow. When plaques rupture or erode,
they expose thrombogenic material to circulating blood, activating platelets and
the coagulation cascade. The result is thrombosis, which can abruptly occlude blood flow,
producing acute clinical events such as myocardial infarction or ischemic stroke”.

The pathophysiology of stroke depends on its subtype. Ischemic stroke, which
accounts for about 87% of cases, occurs when an arterial occlusion restricts blood supply to
brain tissue. This triggers a cascade of energy failure due to reduced oxygen and glucose
delivery, leading to ATP depletion, ionic pump dysfunction, and accumulation of intracellular
sodium and calcium. These changes induce cytotoxic edema and excitotoxicity, whereby
excess glutamate overstimulates NMDA and AMPA receptors, further amplifying neuronal
injury. Secondary neuroinflammation, involving microglial activation and cytokine release,
exacerbates tissue damage and contributes to blood-brain barrier disruption?.

In contrast, hemorrhagic stroke results from the rupture of a weakened cerebral vessel,
causing bleeding into brain tissue or the subarachnoid space. The initial primary injury involves
mechanical compression of adjacent neurons and glia by the expanding hematoma.
Subsequently, secondary injury mechanisms including oxidative stress from hemoglobin
breakdown, iron-induced toxicity, and inflammatory cytokine release contribute to edema,
disruption of neural networks, and progressive neurological deterioration*?. An emerging
concept linking cardiovascular and cerebrovascular pathology is the “stroke-heart syndrome.”
Following an acute ischemic stroke, systemic autonomic imbalance and heightened
sympathetic nervous system activation can trigger myocardial injury, arrhythmias, and left
ventricular dysfunction®. This illustrates the bidirectional relationship between the brain and
the heart, where vascular events in one organ precipitate dysfunction in the other, reinforcing
the need for integrated prevention and management strategies, as presented in Figure 3
illustrates the mechanistic framework of the Stroke-Heart Syndrome, highlighting how stroke
characteristics trigger immunological, neuronal, and humoral responses that mediate

downstream cardiac injury and contribute to adverse outcomes.
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STROKE-HEART Syndrome
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Figure 3 Conceptual framework of the Stroke Heart Syndrome.

Stroke severity and lesion characteristics initiate immunological, neuronal, and
humoral pathways that impair coronary microcirculation, disrupt macrophage function,
and injure cardiomyocytes, ultimately increasing the risk of cardiovascular events, heart failure,
cardiac death, and cognitive dysfunction®. A clear understanding of the biological
mechanisms underlying cardiovascular and cerebrovascular disease provides the foundation

for identifying the major risk factors that influence their development and progression.

Risk Factors
The development of cardiovascular disease (CVD) and stroke is influenced by
a combination of non-modifiable and modifiable risk factors, which interact across the lifespan

to determine individual and population-level disease burden.

Non-Modifiable Risk Factors

Age remains the strongest predictor of CVD and stroke. The risk of coronary artery
disease, myocardial infarction, and ischemic stroke rises steeply after age 65, reflecting
cumulative vascular damage, arterial stiffening, and the long-term effects of risk factor
exposure”. Sex differences are also well documented: men have higher rates of ischemic heart
disease during middle age, but women often experience worse long-term outcomes after
stroke, including greater disability and reduced quality of life. Hormonal influences, particularly
the loss of estrogen after menopause, contribute to accelerated atherosclerosis in women'?,

This trend in Thailand reflects broader regional patterns. Figure 4 illustrates the epidemiology
and burden of heart failure across Asia, showing high prevalence in Southeast Asia

and persistently high one-year mortality rates, including Thailand Figure 4.
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CENTRALILLUSTRATION: Epidemiology and Burden of Heart Failure in Asia
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Figure 4 Epidemiology and burden of heart failure in Asia.
The figure shows age-standardized prevalence trends, regional variation in underlying causes,

and one-year mortality rates across Asian countries, including Thailand.

Genetics also play a critical role in predisposing individuals to cardiovascular events.
Inherited conditions such as familial hypercholesterolemia (FH) result in lifelong elevations of
low-density lipoprotein (LDL) cholesterol, dramatically increasing the risk of premature
atherosclerosis and coronary events®. Variants of the apolipoprotein E (APOE) gene affect lipid
metabolism and are associated with elevated cholesterol levels and an increased risk of
ischemic stroke. Likewise, mutations in the NOTCH3 gene are responsible for cerebral autosomal
dominant arteriopathy with subcortical infarcts and leukoencephalopathy (CADASIL),
a hereditary small vessel disease that substantially raises the risk of ischemic stroke®. These findings

highlight the importance of early detection and family-based screening in high-risk populations.

Modifiable Risk Factors

In contrast, modifiable risk factors account for the majority of global cardiovascular
events, underscoring the potential for prevention. Hypertension is the leading contributor to
both ischemic and hemorrhagic stroke, as well as ischemic heart disease, by promoting vascular
remodeling, endothelial dysfunction, and left ventricular hypertrophy“). Diabetes mellitus
accelerates atherosclerosis through mechanisms such as hyperglycemia-induced endothelial
injury, oxidative stress, and increased coagulability. Obesity, particularly central obesity, contributes
to insulin resistance, dyslipidemia, and systemic inflammation, magnifying cardiovascular risk.

Tobacco use is one of the most preventable causes of CVD. Smoking increases LDL

cholesterol, reduces protective high-density lipoprotein (HDL) cholesterol, and promotes
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endothelial dysfunction, platelet aggregation, and chronic inflammation. These effects
significantly accelerate atherosclerosis and double the risk of ischemic heart disease and stroke™?.

Environmental and lifestyle exposures also play an increasingly recognized role.
Air pollution, particularly fine particulate matter (PM2.5), nitrogen dioxide (NO,), and black
carbon, is strongly associated with elevated rates of ischemic stroke, myocardial infarction,
and cardiovascular mortality. Importantly, these associations persist even at concentrations
below current legal thresholds, suggesting a nonlinear, supralinear exposure-response
relationship. Additional modifiable factors include excessive alcohol consumption, physical
inactivity, and diets high in saturated fat, processed meat, and refined sugars all of which
contribute to obesity, hypertension, and metabolic dysfunction. Given the wide range of
biological and behavioral risk factors, accurate and timely diagnosis is essential to identify

affected individuals and guide appropriate management.

Findings

Diagnostics

Accurate and timely diagnosis is critical in both stroke and cardiovascular disease (CVD),
as early recognition directly influences treatment decisions, clinical outcomes, and long-term
prognosis. Advances in diagnostic technologies have enabled earlier detection of structural and
functional abnormalities, yet challenges remain in accessibility and implementation across
different healthcare settings.

Stroke Diagnostics

For suspected stroke, neuroimaging is the cornerstone of diagnosis and subtype
classification. Computed tomography (CT) is the most widely used first-line tool because it is
fast, widely available, and highly effective in ruling out intracranial hemorrhage information that
is essential before administering thrombolytic therapy"?. However, CT has limited sensitivity in
detecting early ischemic changes, particularly within the first hours of symptom onset or in
small or posterior fossa infarcts.

Magnetic resonance imaging (MRI), particularly diffusion-weighted imaging (DWI), provides
superior sensitivity and specificity for detecting acute ischemic lesions within minutes of onset,
often before changes appear on CT. MRI can also better characterize brainstem and lacunar
infarcts, and additional sequences such as susceptibility-weighted imaging (SWI) and perfusion-weighted
imaging (PWI) provide valuable insights into hemorrhage and tissue at risk. Despite these
advantages, MRI is slower, more costly, and less available in smaller hospitals, limiting its use as
a universal first-line test!!?,

Beyond imaging, clinical assessments such as the National Institutes of Health Stroke
Scale (NIHSS) provide standardized evaluation of stroke severity, while vascular studies including
carotid duplex ultrasound, CT angiography (CTA), and MR angiography (MRA) are critical for
identifying large vessel occlusion and guiding mechanical thrombectomy decisions. Cardiac
evaluations such as electrocardiography (ECG) and echocardiography may also be performed to

detect potential cardioembolic sources, particularly atrial fibrillation and structural heart abnormalities.

64



MsmsaantusrUszansands U7 9 atufl 3 Ausneu - §unAu 2568 J Raj Pracha Samasai Institute Vol. 9 No.3 Sep - Dec 2025

Cardiovascular Disease Diagnostics

For CVD, diagnosis typically begins with electrocardiography (ECG), which detects
arrhythmias, conduction abnormalities, and ischemic changes such as ST-segment elevation.
Cardiac biomarkers, especially troponins | and T, are essential for confirming myocardial injury
and remain the gold standard for diagnosing acute myocardial infarction®V.

Echocardiography provides real-time assessment of cardiac structure and function,
including wall motion abnormalities, ejection fraction, and valvular disease. Advanced
modalities such as stress testing (exercise or pharmacologic), coronary computed tomography
angiography (CCTA), and cardiac magnetic resonance imaging (CMR) offer noninvasive evaluation
of myocardial perfusion, viability, and fibrosis. Invasive techniques such as coronary angiography
remain the gold standard for defining coronary artery anatomy and guiding revascularization
strategies, including angioplasty and stenting.

In addition, risk stratification tools such as the Framingham Risk Score or SCORE2 are
widely used to estimate future cardiovascular risk and guide preventive interventions. Emerging
technologies, including high-sensitivity cardiac troponin assays, coronary artery calcium scoring,
and artificial intelligence—enhanced imaging, further enhance early detection and risk prediction.
Effective treatment depends on precise diagnosis; therefore, the next section discusses current

evidence-based management strategies for stroke and cardiovascular disease.

Management & Treatment

Stroke Management

The management of stroke depends on accurate classification into ischemic or
hemorrhagic subtypes, as therapeutic strategies differ substantially.

Ischemic stroke management emphasizes timely reperfusion. Intravenous alteplase (tPA)
remains the cornerstone of therapy and is most effective when administered within 4.5 hours of
symptom onset, as early treatment improves functional outcomes and reduces long-term
disability™®. For patients with large vessel occlusions (LVOs), mechanical thrombectomy has
transformed care, providing substantial benefit when performed within 6 hours, and in carefully
selected patients with favorable imaging profiles (e.g., DAWN or DEFUSE-3 criteria), up to 24
hours after last known well®. Secondary prevention is initiated immediately after the acute
phase, including dual antiplatelet therapy (aspirin and clopidogrel for short-term use), statins,
antihypertensives, and anticoagulation in cases of atrial fibrillation"”.

Hemorrhagic stroke management focuses on stabilizing the patient and minimizing
further bleeding. Immediate goals include blood pressure control, often targeting systolic
pressures around 140 mmHg using intravenous antihypertensives such as nicardipine or
labetalol®. For patients on anticoagulants, reversal strategies are crucial vitamin K and
four-factor prothrombin complex concentrate (PCC) for warfarin, and specific reversal agents
(idarucizumab for dabigatran; andexanet alfa for apixaban or rivaroxaban) for direct oral
anticoagulants. Surgical options, such as hematoma evacuation, external ventricular drainage,

or decompressive craniectomy, may be indicated in cases of large bleeds, brainstem
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compression, or hydrocephalus™. Rehabilitation, including physical, occupational, and speech

therapy, begins early to optimize functional recovery.

Heart Disease Management

The management of CVD requires a combination of pharmacologic, interventional,
and lifestyle-based strategies tailored to disease severity and patient risk profile.

Pharmacologic therapy forms the foundation of management. Antiplatelet agents
(aspirin, clopidogrel, ticagrelor) reduce thrombotic risk in patients with coronary artery disease.
Statins lower LDL cholesterol and stabilize atherosclerotic plaques, providing both primary
and secondary prevention benefits. Antihypertensives such as ACE inhibitors, ARBs,
beta-blockers, and calcium channel blockers reduce blood pressure and cardiovascular risk. For
patients with atrial fibrillation, oral anticoagulation with warfarin or direct oral anticoagulants
(DOACs) prevents cardioembolic stroke”.

Interventional and surgical strategies are indicated for patients with advanced disease or
high-risk anatomy. Percutaneous coronary intervention (PCl) with angioplasty and stenting is
standard for acute myocardial infarction and high-grade coronary stenosis. Coronary artery
bypass grafting (CABG) provides durable benefit in multi-vessel or left main disease, especially
among diabetic patients'??. For heart failure, device-based therapies such as implantable
cardioverter-defibrillators (ICDs), cardiac resynchronization therapy (CRT), and left ventricular
assist devices (LVADs) improve survival and quality of life in appropriately selected patients.

Lifestyle modification remains critical across all stages of heart disease, including smoking
cessation, weight management, dietary changes (e.g., Mediterranean diet), regular physical
activity, and optimal diabetes control. Cardiac rehabilitation programs integrating exercise,
education, and psychosocial support reduce recurrence and improve long-term outcomes'?.
While advances in acute management have improved survival, reducing the overall burden

of disease ultimately relies on effective prevention at all stages of care.

Prevention

Effective prevention of cardiovascular disease (CVD) and stroke requires a multilevel
approach encompassing primary, secondary, and tertiary strategies. Each level targets different
stages in the disease continuum, from risk identification to advanced care, with the overarching

goal of reducing morbidity, mortality, and healthcare burden.

Primary Prevention

Primary prevention focuses on reducing the incidence of first-time cardiovascular and
cerebrovascular events by addressing modifiable risk factors before disease onset. Key strategies
include lifestyle modification, such as smoking cessation, maintaining a healthy diet, engaging in
regular physical activity, achieving optimal body weight, and moderating alcohol intake.
National and international guidelines emphasize structured risk assessment tools, including
the Framingham Risk Score, SCORE2, and region-specific calculators, which estimate 10-year
cardiovascular risk and guide tailored interventions@?.
The American Heart Association’s Life’s Essential 8 framework provides a practical

roadmap, promoting four health behaviors (healthy diet, regular physical activity, adequate

66



MsmsaantusrUszansands U7 9 atufl 3 Ausneu - §unAu 2568 J Raj Pracha Samasai Institute Vol. 9 No.3 Sep - Dec 2025

sleep, and tobacco avoidance) and four health factors (optimal weight, blood pressure,
cholesterol, and glucose control) to reduce CVD burden??. Preventive pharmacotherapy,
such as antihypertensives or statins, may be considered in high-risk individuals even before
clinical events occur, further strengthening primary prevention.
Secondary Prevention

Secondary prevention targets patients with established CVD or prior stroke, aiming to
prevent recurrence, progression, or related complications. Evidence-based interventions include
antiplatelet therapy (e.g., aspirin, clopidogrel), lipid-lowering agents (statins, PCSK9 inhibitors),
antihypertensives, and anticoagulation in atrial fibrillation to reduce cardioembolic stroke risk®?.
In addition to pharmacologic therapy, structured rehabilitation programs including cardiac
rehabilitation and post-stroke rehabilitation playing a crucial role in restoring functional capacity,
improving quality of life, and reducing long-term disability.

Behavioral counseling and patient education are also integral to secondary prevention,
encouraging adherence to lifestyle modification and medication regimens. Regular follow-up

and risk monitoring help detect recurrent events early and optimize therapy.

Tertiary Prevention

Tertiary prevention is directed toward individuals with advanced disease or long-term
sequelae, focusing on reducing complications, disability, and mortality while improving
functional independence and quality of life. In CVD, this often involves surgical or device-based
interventions such as percutaneous coronary intervention (PCl), coronary artery bypass grafting
(CABQG), implantable cardioverter-defibrillators (ICDs), cardiac resynchronization therapy (CRT),
and left ventricular assist devices (LVADs)™". For stroke, tertiary prevention includes surgical
interventions such as carotid endarterectomy or stenting for patients with severe carotid
stenosis, as well as long-term rehabilitation tailored to neurological deficits.

Equally important are psychosocial support and multidisciplinary care, which address
depression, cognitive impairment, and caregiver burden frequently associated with chronic
cardiovascular and cerebrovascular disease. By integrating medical, surgical, and supportive care,
tertiary prevention helps patients maintain independence and enhances overall well-being
despite advanced disease. To better understand how preventive and management strategies translate

into real-world outcomes, the following section compares global trends with the Thai experience.

Thailand vs Global Context

Thailand reflects global patterns in the rising burden of cardiovascular disease (CVD)
and stroke, with both conditions among the leading causes of mortality and disability.
Each year, more than 65,000 deaths from CVD are reported equivalent to five deaths per hour
while stroke accounts for nearly 350,000 new cases, with approximately 10% mortality and
long-term disability in over 60% of survivors'®. The burden of heart failure is also escalating,
with hospitalization rates rising from 1.2% in 2018 to 1.5% in 2019 and combined rehospitalization
and mortality rates remaining at a concerning 34%'?. These figures illustrate not only the acute
clinical impact but also the long-term strain on Thailand’s healthcare system, social services, and

families, particularly given the country’s aging population and limited rehabilitation infrastructure.
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Within the ASEAN region, Thailand’s cardiovascular mortality rate falls in the mid-range
of 123.2 to 406.2 deaths per 100,000 population. While the region overall has achieved a 16.9%
reduction in CVD-related mortality since 1990, absolute case numbers continue to rise due to
population growth, aging, and increasing exposure to modifiable risk factors such as
hypertension, diabetes, obesity, and air pollution*?. Thailand’s epidemiolosical profile highlights
a double burden of disease: infectious diseases have declined, but noncommunicable diseases
(NCDs) now account for over 70% of deaths nationwide, reflecting an incomplete
epidemiological transition.

Globally, the picture is similar, but disparities are more pronounced. Low- and middle-income
countries (LMICs) account for nearly 80% of cardiovascular deaths, underscoring inequities in
healthcare access, early detection, and preventive strategies®. High-income countries (HICs)
have recorded sharp declines in CVD mortality over recent decades through widespread use of
risk screening, preventive pharmacotherapy (e.g., statins, antihypertensives), and advanced acute
interventions such as percutaneous coronary intervention (PCl) and mechanical thrombectomy.
In contrast, Thailand and other LMICs face persistent challenges: limited diagnostic capacity
(MRI, catheterization facilities concentrated in urban centers), delays in patient presentation,
and underutilization of preventive care due to geographic, financial, and cultural barriers.
For example, while thrombolysis and thrombectomy are available in tertiary hospitals, access in
rural areas is limited, contributing to poorer functional outcomes compared with HICs.

These comparisons suggest that Thailand has made progress particularly through
universal health coverage (UHC), which has improved access to essential services but significant
implementation gaps remain. Primary prevention programs often lack sustained funding and
integration into community health systems. Secondary prevention strategies, including
rehabilitation, are underdeveloped and unevenly distributed. Social determinants of health,
such as low health literacy, socioeconomic inequality, and environmental exposures, exacerbate
disparities, particularly in rural and peri-urban populations.

For Thailand, the path forward requires both adopting global best practices and tailoring
strategies to local contexts. This includes scaling up risk factor screening, investing in diagnostic
and acute care infrastructure outside metropolitan centers, and strengthening rehabilitation and
community-based services. Without such measures, Thailand risks falling further behind
high-income counterparts, with long-term consequences for mortality, disability, and healthcare
sustainability. Despite progress in prevention and management, substantial scientific and
implementation gaps remain. The final section highlights key areas for future research,

policy development, and health-system improvement.

Discussion

Knowledge Gaps & Future Directions

Despite progress in the prevention and management of cardiovascular disease (CVD) and
stroke, significant gaps remain in both scientific knowledge and health system implementation.
One major uncertainty concerns the long-term effects of low-level environmental exposures,

particularly air pollution. While fine particulate matter (PM2.5), nitrogen dioxide (NO,), and other
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pollutants are consistently linked with increased risks of ischemic stroke and cardiovascular
mortality, most studies come from high-income countries and focus on short-term exposures.
More longitudinal research in low- and middle-income countries (LMICs), including Thailand, is
needed to clarify cumulative lifetime risks, dose-response relationships, and safe thresholds for
exposure. Future work should focus on developing and applying effective implementation
strategies to close evidence-to-practice gaps across urban and rural care pathways.

Another underexplored area is the stroke—heart syndrome, where the mechanistic
pathways linking acute cerebrovascular events to cardiac complications remain poorly defined.
Although autonomic dysfunction, systemic inflammation, and neurogenic cardiac injury are
implicated, the interplay between these processes and pre-existing cardiovascular disease is not
well understood. Clarifying these mechanisms would support the development of integrated

neuro-cardiac care models that address both acute and chronic sequelae®.

In addition to
environmental and implementation gaps, important knowledge deficits remain in the biological
and genetic determinants of cardiovascular and cerebrovascular disease.

Genetic and epigenetic factors also represent an important research gap, as Asian
populations are underrepresented in cardiovascular genomics. Most genome-wide association
studies (GWAS) and mechanistic research are based on Western cohorts, limiting applicability to
Southeast Asia, where unique genetic variants, environmental exposures, and cultural factors
may alter disease susceptibility and outcomes. Expanding precision medicine research in Asian
cohorts would improve the accuracy of risk prediction and enable more personalized
therapeutic strategies®”. Beyond research, however, a critical challenge lies in the
implementation of existing evidence into practice. In Thailand and other LMICs, uptake of
clinical guidelines remains inconsistent, continuity of care between hospitals and community
health systems is weak, and rehabilitation services are limited. Preventive pharmacotherapy and
advanced acute care interventions, such as statins, antihypertensives, percutaneous coronary
intervention, and mechanical thrombectomy, are available but remain concentrated in urban
centers, leaving rural and disadvantaged populations with limited access. These gaps contribute
to persistent inequities and reduce the overall impact of national prevention strategies.

Emerging opportunities such as digital health and artificial intelligence (Al) offer potential
solutions but remain underdeveloped in Thailand. Telemedicine, Al-enhanced risk prediction,
and mobile health applications could improve early detection, strengthen treatment adherence,
and facilitate long-term follow-up in resource-limited settings. However, evidence regarding
cost-effectiveness, scalability, and patient acceptance is scarce, and systematic evaluation is
required before these tools can be integrated into routine practice. Moving forward, priority
areas should include longitudinal cohort studies on environmental and genetic risks, deeper
mechanistic research into stroke—-heart interactions, and implementation science to enhance
guideline adherence, continuity of care, and rehabilitation outcomes. In parallel,
the development and evaluation of digital health solutions tailored to the Thai and broader
LMIC context will be crucial. Addressing these gaps will not only advance scientific knowledge
but also support evidence-based policymaking and improve equity in healthcare access,

ultimately reducing the growing burden of CVD and stroke.
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Conclusion

Thailand continues to face a growing burden from cardiovascular disease and stroke,

making it important to strengthen efforts in prevention, early diagnosis, treatment,

and rehabilitation. Health policies should focus on improving access to quality care for all

communities and supporting programs that reduce major risk factors. Further research is needed

to better understand local genetic and environmental risks, including air pollution, and to use

digital health tools to improve long-term care and disease monitoring.
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