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Editorial

Health Science, Science and Technology Reviews, Vol. 18, No. 3 (2025), presents a total of

9 articles, comprising 7 research articles and 2 review article.

All articles in this issue have undergone rigorous quality assessment by experts in the relevant
fields, in full accordance with the journal’s review process. Therefore, it can be assured that the knowledge
and findings presented in these works can be effectively applied, extended for further academic

advancement, and contribute to the creation of new knowledge.

Professor Dr.Samur Thanoi

Editor
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Abstract

Medical personnel in psychiatric hospitals are exposed to ergonomic risks that may directly affect their
health and work efficiency. This study aimed to assess the level of ergonomic risks and factors associated with
musculoskeletal disorders in the personnel of Nakhon Phanom Rajanagarindra Psychiatric Hospital. This was
a cross-sectional descriptive study. The sample consisted of 85 patients selected by simple random sampling
and divided into similar exposure groups. Ergonomic risks were assessed using Rapid Upper Limb Assessment
(RULA) and Rapid Entire Body Assessment (REBA). The results of the study found that the majority of
personnel were female (69.41%), with an average age of 41.81 £ 10.01 years, and had a BMI level of 2 obesity
(22.35%). Their exercise behavior was inconsistent (71.76%). The RULA/ REBA ergonomic risk level was level 3
(75.00%). The most common muscular discomfort was reported on the shoulder (55.29%), upper back
(49.41%), and lower back (44.71%). It was found that inconsistent exercise behavior was significantly
associated with musculoskeletal disorders (OR = 9.33, 95% CIl = 2.506-34.764, P-value < 0.001). Hospital
personnel are exposed to ergonomic threats and the risk of musculoskeletal disorders resulting from work,
which may vary depending on the type of work they perform. Therefore, the ergonomic risk assessment of
musculoskeletal disorders using a tool that assesses work posture is a guideline for obtaining basic information
to plan improvements in working conditions and reduce work-related risks. These evaluations provide essential
baseline data for formulating strategies to improve working conditions, mitigate occupational hazards, and

promote the future health of workers.

Keywords: Ergonomics, Occupational health risk metrics, Musculoskeletal disorders (MSDs),

Ergonomic Risk Assessment, Health care personnel
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Abstract

This study aimed to investigate and develop a model for the participation of community leaders and families
in the care of community-dwelling psychiatric patients in Ban Thi District, Lamphun Province, between May and
September 2024 . The sample consisted of 216 individuals divided into three groups: the Ban Thi District Health
Service Network, families of psychiatric patients, and psychiatric patients, with 72 participants in each group. Each
group was further divided into an experimental group (n=36) that received the intervention according to the developed
model for 8 weeks, and a control group (n=36) that received standard care according to the Ministry of Public Health
guidelines. Data were analyzed using Paired sample t-tests and Independent t-tests.

The study results showed that the experimental groups demonstrated statistically significant improvements
(p<0.05) in several aspects when comparing pre- and post-intervention scores. Specifically, the Health Service Network
group showed improvements in depression screening, depression level assessment, suicide risk assessment,
knowledge scores, attitude scores, and behavior scores. The families of psychiatric patients showed improvements in
suicide risk assessment, knowledge scores, attitude scores, and behavior scores. The psychiatric patient group
showed improvements in violent behavior, depression level assessment, and suicide risk assessment. When
comparing the experimental and control groups after the intervention, the experimental groups in all three categories
exhibited significantly better scores (p<0.05). The Health Service Network group showed higher scores in depression
level assessment, suicide risk assessment, knowledge, attitude, and behavior. The families of psychiatric patients
showed higher scores in depression screening, knowledge, attitude, and behavior. The psychiatric patient group
showed higher scores in depression screening and depression level assessment. The findings of this study highlight
the importance of integrating collaboration among public and private sector networks to establish working mechanisms
and promote community participation in the care of psychiatric patients. This collaborative approach is expected to

lead to reduced stigma and sustainable improvement in the quality of life for psychiatric patients.

Keywords: Community participation, Psychiatric patient care, Community leaders, Psychiatric patients
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nawiaa nauihedans fe ldiumaitsbuwszinsians anhiteondy 6 dau ldy
msdssifiumsainaanne (8Q) laasuunszning 1 — 16 azuun mﬁ'ﬂagiuﬁuﬁ'éwmaﬁmﬁ laieunin 6 1eaw
fafsusudfyazasudm muauawesld lifainsee: Tiony sansafess d1m uasdfownmmnngld uae
JuganitnnlasInNiBasANNRNATI nguinTelnsuIMIgIn W net Ut Ae iuunuinguse 1w
At dlwgjinu giedlngitm evasdassminguiszdngtu es.) Wudu Spfisuwagmalunjinu
WWennunungudasians gusnFems 811 uazdowmmlngld wszfusangisanlassmsisodioninu
sunsla uaznguatauaTigtheians fe ﬁa’lth@i‘iLL@i 20 flu‘%gsrﬁuvlﬂ Durauarthedans likeondn 8 77l
dou sanIngems smuasdounen el uasBugondhinlasimsisassenussiasle
3asfiamive

v v
o AdAo
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A

qﬂﬁ 1 m’%iaaﬁamsamuiﬁﬂamjwaamnﬂﬁzi’a Ta3nun1T61a1a18ULazNITEI6 8
lasunndgmansmaasdesnu (gunwiaguou) Aanssudunmslsuiivvesruon ldund ununslige
Anwuringudiacng mmj’lﬁmﬁ’ukﬂﬁ'ﬁmﬂ% Anrinwemsluuuaansaslsaduiai 2 dan (2Q) 9 fany
(9Q) uszuuuUszifinanuiiusdenisaingaany 8 o (8Q) VBINTNFVNINTA NITNTHATITUGY JEYYI
LHaunnuFInsandaaey nMadsuasuannuasouiieasnunisaineang 3'ﬁ'midwia;§ﬂm"|,ﬂ§umi
N UAZANWTBUFNUFVNINGG T28IN0UTY 8 il

igm?; 2 upudssduenad vauad uazwndnsunsidnaedl desnumsahdians waensss
darian t%m%’umjué”;amd‘ﬁ'l,ﬂuﬂf,éuLﬂ%aﬁjmu’%msqmmwéwmaﬁm% waznauasauaRsIans 1w
{aau J3 1w 4 §1u Ao

§auil 1 TONAFINYANR laun e g MANE Ununwiig

g3 2 wuudssiiiunanug Ba9m stz iauasosiun1ssinaanny snsmeTasanu
UaoTe wuuienaay 17 waz Tdls 111 15 48 azuumdn 15 azuun

§auf 3 wpdsziliwnanadniadudidszdsuazdasnunisaindaans ddadiaauiin
wuuanaMaIndszfiue (Rating scale) Wonaay 5 36U Aa tindaoan9bs indas liwils lidude uay
Tiiuernae198s TadnuBILIN $1In 10 70 1B9aUT 1IN 5 T8 TINTIA® 15 T8 AUUGY 60 AZUUK
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§auil 4 mMydszilnaniasdunganssunsidnsed TaanwmIsnaIane Lasn1Issee
s $1wan 15 98 luwuuananaduwlsziiivdn (Rating scale) Lianaay 5 szau As Ufuadulszdr U@
vawad Ufudidunsads Ufuduwing a3 wazlinnUfiid azunmda 75 azuun
Lﬂéaaﬁanwﬁﬁ'ﬂ"g@ﬁ 1 mezq@‘ﬁ' 2 avasauaNNasIdiionuazanusanasassRINsTaf AL
i'mqﬂizmﬁVL@Tm@T"ﬁﬁmmaa@ﬂﬁTaa (Indexes of ltem-Objective Congruence: I0C) L¥inNU 0.92 WaIaNTH 1
m%aaﬁa"g@ﬁ' 2 lunasasliiunguaradisduau 30 au Siamzimeanuidedulasldafia Cronbach's
alpha 'l@tvinnu 0.86
qmﬁ 3 wuudszilnnnsduain wazuuulszifiuvnsanaians éww%’ulﬁﬂﬁjugﬂ'sﬂ%m'smﬂu
{aau dsznaueig
Uil 1 wunReUIaTaYadIUYAAS ldur e 01y SAUMIANN FINUNMNENIR aTW
lsaiszdnan ﬂi:ﬁ"amsﬁuqﬂ guq‘vﬁi LAZ/1I0 BNTLEWAA LATNNIAANTBININAANNTULII VBINTUFININIG
NIENIWEDITUFY
§1ufl 2 wuusansaslsaduian 2 dranw (2 Q) 9 61070 (9 Q) uazLUUUITLIRAINY

\FB9GaNIRINI918 8 1o (8Q) maamqumw%@ NITNTIENDITUEY

ABnsdnm

ﬂﬁﬁﬂmﬂﬂ%ﬁ@‘iﬁ?ﬂﬁﬁwLﬁumsw‘“@umimﬁ'u ilasuwndamaiazenaaiaani (gunwiaTunu)
WEIIRITITN E1PINTWINIATANTURZFUNINTA mifidmiamanmiiaiatneriiniasy WNWINTNTY
\ATRTBFUNIN wazdszmnauluiud diunIuTILTINTaYA il

v
' v o

DAani 1 AalianngualadiauinmsinIaaianngualaing ;pﬁ]slﬂmmi'mqﬂszaaﬁ
mxumaumnﬁu**ﬁaga fnBrasithimaise uadlidadulainzdihanislidhislasnsidslassiasle
waedszdiudisuuuaansaslsaduied 2 fon (2Q) 9 fonw (9Q) wasnuudszdnnuEIsanIsineIang
8 ANNa (8Q) VBINTUFININIA NTZNTWATITUFY Aowsudiunsise lunsdinliighsalassimyise
' liidnadanssns lulssneuna é’(m%'uQﬁﬁuﬁlﬁﬁmmﬁﬁ'ﬂlﬁmmUﬁa%aluwﬂmma:ﬁfwmmiﬁsfﬁu
fanIsu I@ﬂﬂﬁjumuqm:"l,ﬁ%'umsguamwLmeaLﬁwﬁiidwmmaﬁmﬁmﬂﬂﬁﬂa nauNAned laTuNIIgUa
anuusslwaifinamndu

BwAaWN 2 diidenInongueIetnouInIgun W Lneaiul 5@16Ui&l1ﬁ/ﬂ’s’]&lfﬁa\‘m’]i
Wh32ds Ja9nu n3a1aans waznIdede d1un1INEIRITINYBITNTH léun Lqumﬂﬁq"uﬁﬂmuﬁmju
etng taun mwjﬁimﬁ'u‘[sw’ﬁmﬂi”w Anvinwensltuuuaansaslsaduiad 2 é1anu (2Q) 9 fanw (9Q)
wazuuuUssfiuanudsdanisandinis 8 §ma (8Q) VBINTUFUNINTA NINTWNTIIUGY S LA
aNuLEBINIsRnEIa e nsUsuasusnwwedautNe TN aaae Sﬁmsda@iagﬂmvlﬂﬁ'umﬁﬂm
LLazmwmaujﬁmqmmw% 5202IMUTY 8 Talug LLﬂdLﬂuﬂ@;Nﬂ@]aa\‘i WATNYUAILAN NNAT 36 AU ANDA
iw:nmﬁvimagjluimdmﬁﬁ'ﬂ fa 8 Flandt finsinuuaz@aaungudletslasuwndamansaand
Ja9ni (§UMWIATUTU) LASWINLIRITITW §12IMINELIRTATURLFUNINAA fuaziBoafonssuasil

NANNARDY FAINTININNA 5 039 Tudleni 12 3 4 uas 8 da

§Ua9i7 1 sananITw Sroutlaanuld” ldiungunaaas leun mﬂﬁmw;ﬁ%‘aumnﬂﬁ
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wesmsheae luaelslwhuusssn il ssoe LﬁiaLLﬁuLaau@iaqwu TTnnwensziiuasnuitaade
2ENINUNITN

fen¥in 2 ﬁﬂ%ﬁ‘i’mﬁlwﬁmmjumaad Wadsfiugmniname nurssnwiedeufitae
danaxindians LTz waznaukuut lismadunoyana s ydsusnmuaseumeluiulasns
fdunnvssasouasuiaanlamasitdaay wu nssaiiuidan puUnInivasilax mafinine sl g
Tufiaeass miﬂ%'fuL'sma_qlﬂﬂa’l,umam%'ﬂﬁmmmaé'uﬁ'uagLﬂuLﬁauﬂéjmﬁlm udu

§Ua9i 3 ﬁn?ﬁ'ﬂlﬁwﬁmmjumaaa L%IamalﬁmjuL?Uavlﬁwuﬂi:uwamuiﬁnmaa
ALad IANINITUNINAWIANUTOUIAIUFVNINTA (mental health literacy) 'l n3ivivinnizduiai
wazaNAasieamy malimatla migussuineelumuamanutismienn gusuuazdiay moeu
NIWFVNINTA MIFILFIN ANWAALTILIN waznsudlanluudd
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QAP RR PP THPEY

v A o

vienzideys lavlglusunsunauiiaaiéniagd SPSS Statistics ver.27 mnuaszauibdy
naEhian 0.05 lasinoazdoa el

1. ﬁ’ayla‘ﬁl’avl,ﬂ IFlunsuanuasdrnaud (Frequency) fniagaz (Percentage) ALady (Mean) Was
il BNLUMUNIATZ N (Standard Deviation)

2. ‘EmswzﬁmmLmn@mmaamuuumﬁsmsﬂizLﬁuqmmw%m AW NAuAd wazwnansIunILh
3229 Ta9nun1Isna1ane NowlaznaInaaad aaeaie Paired sample t-test WazidIBuINgUAMULANGAIIVDS

NEUNABBIUAZNINAILANMENAINANEY (EFAA Independent t-test

NaNIIENEN

anwmeialy wuin NFUNAREY NFUAIBLNIATBINLTNMIFIMWELNTUE wumnﬁq@ AaLwAndd
Fouaz 72.2 12987y 51-60 T Fawaz 52.8 szaumIdnsUIyaNaT wia gandn Jeuas 44.4 uaziiunum / winfi
Wuanaadiniassugy Jous: 722 ndualaginvauafieIane Wumﬂﬁqﬂ Ao wandlv Tapas 63.9
129818 31-40 T Fauaz 36.1 szUMIAnETYYIeT Wie gendn Yauaz 33.3 wazngudied g oTanT Wy
mﬂﬁqﬂ fa wame Tavaz 61.1 Tae1ykeniiniariny 30 U Tauar 44.4 sounwlae Sapaz 75.0 sz
mafnslszaudnmn Jasar 41.7 oxfwwinnuuisn wie gning Yeuas 44.4 lifunTasfuuaanazes Sauas
52,8 Wawitladuszausnann faua 47.2 uazlailFonaiawda Jauas 75.0 nguauau wudh ngudraghaeietne
vImsgunwdunatinud wumﬂﬁq@ Ao iwands Yauaz 63.9 129871 51-60 U Tasaz 47.2 wAUMIANW
Uy nie gandn Fauar 41.7 uazlunum / 7ol WuoraaiaIasImgs Touss 72.2 nduaatng
ArauAIEIaT wumnﬁqﬂ An twandy Tausz 66.7 12981y 60 U Towaz 30.6 szAUMIANWA
aulSyan wia s Tosar 30.6 uaznguanadinadsdans wumnﬁqﬂ Ao ey Jauaz 58.3 1901 WA
nimsainy 30 U Sasaz 38.9 amunwlan Sauaz 44.4 LAZENIR 30882 44.4 LALMIANENNTINANBIAD
Uan w3a 1o, Touas 33.3 andwsusnerialy Sous: 69.4 lifluieTasiuuaanazad Touaz 47.2 Aewifiladu
seudnunn Souaz 44.4 uaglildmsanda Souas 69.4 MuanBualuamaf 1

a o o i o '
M13191 1 aﬂwmzmvlﬂmmﬂqumama

é’nﬂmzﬁ'ﬂﬂmaanéuﬁmdw NaNNANDY (n=36) NANAILAN (n=36)

1IN Souay I Souaz

mjmﬂ%mi'mu%n'ﬁqwn'lwé'\maﬁ'"m%

LNE
78 10 27.8 13 36.1
WYY 26 72.2 23 63.9
'e'l"lig
<30 1 0 0.0 0 0.0
31-40 1 2 5.6 4 11.1
41-50 1 10 27.8 12 33.3
51-60 1 19 52.8 17 47.2
> 60 1 5 13.9 3 8.3

nﬁjmmaad (Min = 37.0, Max =69.0, Mean = 53.08, S.D.=7.76)
nsjwmugu (Min = 39.0, Max =65.0, Mean = 51.33, S.D. =7.12)
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a o < o ' '
M19191 1 aﬂwmfzmvl,ﬂmaqﬂqmmama (¢ia)

é’nvm:ﬁ:ﬂﬂmmmjuﬁmdw NaNNANDY (n=36) NANAILAN (n=36)
JwIn Souas N Souas
JEAUNIANEN
la'lesumsdinmn 0 0.0 0 0.0
dsznufinm 0 0.0 0 0.0
NBUNANBNADUAY 4 11.1 4 11.1
NspNAnaaulay wie Uap. 6 16.7 7 19.4
aulSyan wie 1ha 10 27.8 10 27.8
USyanat wie gani 16 44.4 15 417
UNLAN / BN
DENRNATAN DT 26 72.2 26 72.2
Alnajim 8 222 8 222
v 2 5.6 2 5.6
niaAIaUA3INTIBALIY
VW@
T8 13 36.1 12 33.3
TN 23 63.9 24 66.7
a1
<301 1 2.8 3 8.3
31-40 1 13 36.1 8 222
41-50 1 12 333 9 25.0
51-60 1 6 16.7 5 13.9
>60 1 4 11.1 11 30.6
NgunNAaad (Min = 30.0, Max = 72.0, Mean = 46.56, S.D. = 11.70)
N§UAILAY (Min = 27.0, Max = 69.0, Mean = 49.58, S.D. = 13.34)
JzAUMIANEN
lai'ladsumsdnmn 0 0.0 0 0.0
dyznufnm 9 25.0 4 11.1
NBUNANBA DU 2 5.6 8 22.2
NspNAnaaulany wie Uap. 5 13.9 9 25.0
aullTan wie s 8 222 11 30.6
UIynna3 wie ganin 12 33.3 4 11.1
naadiedang
VW@
78 22 61.1 21 58.3

LN 14 38.9 15 417
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a o < @ ' '
M19191 1 aﬂwmzmvl,ﬂﬂnamqumama Gh))

é’nﬂmzﬁ:ﬂﬂmaanéuﬁmdw NANNANDY (n=36) NANAILAN (n=36)
I Sauaz 1% Sauaz
E’J'IE!

<30 1 16 44.4 14 38.9
31-40 1 8 22.2 7 19.4
41-50 1 4 11.1 10 27.8
51-60 1 3 8.3 3 8.3
>60 1 5 13.9 2 5.6

nﬁjmmaad (Min = 24.0, Max =77.0, Mean = 38.31, S.D. = 14.49)
nsjwmugu (Min = 20.0, Max =73.0, Mean = 36.89, S.D. = 13.35)

d01UNIN
1aa 27 75.0 16 44.4
RUTH 5 13.9 16 44.4
wennuag) 3 8.3 3 8.3
eI 1 2.8 1 2.8
nang 0 0.0 0 0.0
STAUNTANEN
1ad'lesumsdnmn 0 0.0 0 0.0
Usznudnm 15 417 7 19.4
NTUNAN I AOUAY 12 33.3 7 19.4
NTuNANIAauLany Wi 1. 2 5.6 12 33.3
aulSyan wie 1ha 2 5.6 6 16.7
USyanas wie gani 5 13.9 4 11.1
21TN
suderaly 10 27.8 25 69.4
WHNIUUTEN WIB gning 16 44 .4 2 5.6
I131TNNT 2 5.6 5 13.9
M 6 16.7 2 5.6
LNPAINIIAN 2 5.6 2 5.6
dug 0 0.0 0 0.0
WHANIINNIIAALaanagas (Audit test)
L (0 Azuuw) 19 52.8 17 472
Auuuuianudssd (17 azuun) 1 2.8 5 13.9
AuuuuTanuLEs (8-15 ATUNM) 9 25.0 10 278
ANULVIFDIGI (16-19 AzUuw) 1 2.8 2 56

AAFIN (=20 AUM) 6 16.7 2 5.6
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a o < @ ' '
M19191 1 aﬂwmzmvl,ﬂmamqumama Gh))

é’nﬂmzﬁ'ﬂﬂmaanéuﬁmdw NANNANDY (n=36) NANAILAN (n=36)

I Saaaz I Soaas

wqaﬂﬁ&lmiguq‘w% (Fagerstrom Test for Nicotine Dependence; FTND)

ligu (0 Azuuw) 0 0.0 0 0.0
Arflafuszaudann (1-2 Azuuw) 17 47.2 16 44.4
Aemniiladuszaued (3-4 AZLLU) 3 8.3 3 8.3
Aennfiladuszaulunans (5 AZLLL) 2 5.6 3 8.3
ﬁawwﬁiﬂﬁui:ﬁug\a (6-7 AZLU) 7 19.4 3 8.3
ﬁawwﬁiﬂﬁui:@”ugamn (8-10 AZLLU) 7 19.4 11 30.6
MIlgasianan
aile 27 75.0 25 69.4
lgnInszduiszan 3 8.3 6 16.7
lemInayszam 1 2.8 3 8.3
lomnaandszan 2 5.6 1 2.8
IFsnsgninsunau nialduinnin 2 wiia 3 8.3 1 2.8

ANMAUANAWITRINNaRLAzRAIN I INAWIFUuuuniidwa lwnmsauadiedans
Twgazw wuih ndunases ngaeIatnouinsganwsunetiug Sanuuandwediidoinyniesia de
m3IAanIaslsaduain 2 §1a7u (p < 0.001) MIUsefiuszauneFuain 9 fanu (p < 0.001) MILTZLABANY
\FusdamIzingane 8 §107w (p = 0.026) AZUUUAINS (p < 0.001) ATUUUNAUAG (p < 0.001) ATUUUNYANTIV
(p = 0.026) nawATELATIFIIBTANT Jenuuandrsaddungdannasia Aa msdszfuanuisedanysin
@1a78 8 F107Y (p = 0.012) ATUUUANS (p < 0.001) ATUUUNAUAG (p < 0.001) AZUUUWOANTTY (p < 0.001)
wazndudthedans danuuandisadadiedayneaid fa nInaanuulsd (p = 0.044) uazmadszidn
SEAUNMETNA 9 fonw (p = 0.030) manpaBualuanai 2

HaM WU BUIHINNGNNARBILAZNGNAILAN ABUAITITINNINAWIIV LU ST E I
i"m"lumsgLtaé'ﬂ'm?mnﬂquﬁu WU NuNanay mg'wLﬂ%"ﬂwu’%miqmmwé’ﬂmaﬁm% WNUANNLANG
mMansimMInasadagvivedayneaia fe nsdsiduszaunneduain 9 dona (p = 0.007) M3tsziiin
ANNELIREN1IRGIANY 8 F1aa (p = 0.033) AZLUUANS (p < 0.001) ATUUUNAUAR (p < 0.001) AZULY
WOANTIN (p < 0.001) NFUATALATIFIBTIANT WUANAULANGNMERAINMINARRIBENTUBEAYNIRDE Ao
nsaansaslinduiain 2 61070 (p = 0.048) ATUUKAINS (p < 0.001) AzUUUNAUAG (p < 0.001) AZUUY
WOANTIN (p < 0.001) wazngUEIBTANT WUANULANGIMERAININARBIaLNAIREEAYNMIEDa Ao M3
AaNTa9lInTaain 2 fanu (p = 0.032) uazM UL UuTTALAIETUAIT 9 Fanu (p = 0.003) AITEazLBA LY

AN 2
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@139 2 ANUULANGIITERININDU-IAI LLazwammﬁﬂuLﬁﬂmzmwﬂﬁjmmmLmzﬂﬁjumuqu ANERAITN

i'wmiw”@umgmmumiﬁ FIUI ulumi@uagﬂa HE) ma“ﬂuﬂqwu

naNA8819 HANTTUILIA® LazazLwi KAP

n mean SD t p-value

naNLAIDN ﬂu‘%msqmmwéﬁmaﬂ"m%

M3AANTaIlIABHLAST 2 A101a (2Q)

LiJ'%'amLﬁsmmalumﬁwﬁ'@maaa NYUNARDY 36 1.11 0.747  -5562  <0.001*
nguAIwAy 36 081 0668  -1.848  0.073

naunanad NYUNARDY 36 0.42 0.554  -1.022 0.310
nguedugy 36 058  0.806

WaINANaY ngunesss 36 1.1 0747 1.828 0.072

mjumqu 36 0.81 0.668

M3UssinIEAUNEBNLASY 9 AN (9Q)

LiJ'%'amLﬁsmmalumﬁwﬁ'@maaa NYUNARDY 36 10.42 8.261 -5.690 < 0.001**
ﬂijllﬂ’mq&l 36 6.39 2.901 -5.402 < 0.001**

naunanad NYUNARDY 36 3.33 4517 0.447 0.657
NYNAIVAN 36 2.89 3.904

AAINANDI mjumaaa 36 10.42 8.261 2.760 0.007*

NYNAIVAN 36 6.39 2.901
MsdszlinaNUFSIRDN1910I018 8 AN (8Q)

LiJ'%'amLﬁsmmalumﬁwﬁ'@maaa NYUNARDY 36 0.97 2513  -2.322 0.026*
nguAIWAN 36 0.06 0232 1435  0.160

naunanad NYUNARDY 36 0.00 0.00 - -
nguedugy 36 0.00 0.00

WaINANaY ngunessd 36 097 2513 2180  0.033*

mjumqu 36 0.06 0.232
AZUBWAIING

LiJ'%'amLﬁsmmalumﬁwﬁ'@maaa ﬂ@;umaaa 36 14.92 0.280 -5.562 < 0.001*

nﬁjumuqu 36 7.81 2.054 1.071 0.291
naunanad NYUNARDY 36 8.67 1.942 1.595 0.115
ngueIuRy 36 7.92 2048
WAINARDY ﬂ@;umaaa 36 14.92 0.280 20.583 < 0.001**

NYNAIVAN 36 7.81 2.054
AZURWNARAR
LiJ'%'amLﬁsmmalumﬁwﬁ'@maaa NYUNARDY 36 52.19 5170  -5.690 < 0.001*
nﬁjumuqu 36 38.92 4.831 2.262 0.030*

NauNaAad mj&mmm 36 49.94 3.992 9.892 < 0.001**
ngueIuRy 36 39.33  5.048
ARINARDI ﬂ@;umaaa 36 52.19 5.170 11.259 < 0.001**

mjumqu 36 38.92 4.831
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A13799 2 ANVLANGAIITERININDU-UAI LLazwammﬁwLﬁﬁmzmnmjumaaaLm:ﬂﬁjumuqu AURAITN

i'wmiw”@umgﬂLLuumiﬁmuiaulumiﬂuagﬂa Uﬁmn‘*ﬂwqu*m (6i8)

naNAIDE19 Wan13lsziin uazazuw KAP
n mean SD t p-value
AZUBWNEANTIN
wWisnifisumelungunamasas  ngunases 36 6650 4576  -2.322 0.026*
NgNAILAY 36 27.86  3.650 0415  0.681
naunasad ngunesay 36  57.89 6427  23.217  <0.001**
nguAILAN 36 27.69  4.426
RAINARDY mju‘nﬂaaa 36 66.50 4.576 39.605 < 0.001**
nguAIuAN 36  27.86  3.576
nyaAsaUATIRIBIALY
mMsaansaslsadaldsn 2 @ (2Q)
L'ﬂ’%'ﬂ‘uLﬁwmﬂlumjwﬁdmam ngunesay 36 1.14 0.723  -1.784 0.083
ngueIuAN 36 1.47 0.774  -3.993 < 0.001**
NaunNafed ngunessy 36 0.42 0.554  -3.883 < 0.001**
nguAILAN 36 1.11 0.919
NAINARDI ngunases 36 1.11 0.747  -2.013 0.048*
NguAILAN 36 1.47 0.774
mM3UlszinszaunMZBNLAST 9 A1aa (9Q)
Wisnifisumelungunaimasas  ngumesss 36 1042 8.090  -0.349 0.729
ﬂﬂ}lﬂ’mq&l 36 10.11 6.079 -4.932 < 0.001*
naunasad ngunasad 36 3.33 4517  -3.444 0.001*
nguAILaN 36 7.58 5.867
WRINARDY ngun@nes 36 1042 8261  0.179  0.859
nguAIuaN 36 10.11 6.079
msdsudnanaidasaanissingaane 8 dana (8Q)
Wisuifsunelunganaimasss  ngunases 36 0.94 2402  2.646 0.012*
ngNAILAY 36 1.19 2240 2140  0.039*
NaunNaaed ngunessy 36 0.00 0.00 -2.668 0.009*
nguAILAN 36 0.92 2.062
NRINANDY ngunesay 36 097 2513  -0.396 0.693
NguAILAN 36 1.19 2.240
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A15799 2 ANULANAITZRININDU-AR LLazwamiLﬂ%UuLﬁﬂmzwmmjmmaauazﬂﬁjumuqu AURKILTN

iwmiw”@umgﬂ LL'mJmiﬁa'auéwlumiﬂuagﬂa m‘imwﬂwymu (dio)

nauA2E19 Wan15UszLan LazAzL KAP
n mean SD t p-value
AZUBWAING

Lﬂ’%‘ﬂmﬁﬂumﬁluﬂajwé'amaaa NEUNARS 36 14.56 0773  -14593 < 0.001**
nﬁjumuqu 36 8.75 1.556 2.624 0.013*

UEPYEEDE ngunasay 36 867 1.942  -1.267 0.209
nguAIUAY 36 9.28 2146
WAINARDY ngunessy 36 1492 0280 23401  <0.001**

nguedugy 36 875  1.556
AZURNARAR
wWisuifisumelungunasnanss ngunesas 36 5344 6236 4615  <0.001*
nﬁjumuqu 36 32.44 5.867 5.946 < 0.001**

naunNaasd najumaaa 36 49.94 3.992 12.898 < 0.001**
mjumqu 36 34.64 5.895
ARINARD NYUNAND 36 52.19 5170  15.153 < 0.001**

N§uAIUAN 36 3244  5.867
AZURUNG ANTIN
wWisuifsumelungunasnaass ngunesas 36  67.31 6.462  -9189 < 0.001**
mjumuqu 36 34.89 5.148 3.297 0.002*

NaUNANDY ngunasay 36  57.89 6.427 15120  <0.001*
NYNAIVAN 36 36.56 5.511

PRINARD NYUNANDY 36  66.50 4576 27536 < 0.001*
N§uAIUAY 36 34.89  5.148

naadL8daY
NINDAMINTHUT

LiJ'%'amLﬁsmmalumﬁwﬁ'@maaa NYUNARDY 36 0.64 0.931 2.092 0.044*
ngueILAN 36 075 1204 2376 0.023*

naunanad NYUNARDY 36 0.75 1.052 1.276 0.206
ngueIugy 36 047 0774

WAINARDI ngunasad 36 064 0931  -0438  0.663

mjumqu 36 0.75 1.204

M3AAnIaslsATaLAST 2 A10a (2Q)

LiJ'%'amLﬁsmmalumﬁwﬁ'@maaa NYUNARDY 36 0.94 0.971 -1.00 0.324
nﬁjumuqu 36 1.42 0.732 -3.162 0.003*

naunanad NYUNARDY 36 0.94 0.955  -1.170 0.246
nguedugy 36 119 0.856

RAINARDI ﬂ@;&l‘ﬂﬂaﬂ\‘i 36 0.97 0.971 -2.194 0.032*

mjumqu 36 1.42 0.732
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i'wmiw”@umgﬂLLuumiﬁmuiaulumiﬂuagﬂa Uﬁmn‘*ﬂwqu*m (6i8)

naNAIDE19 wan1slsedin wazazuwi KAP

n mean SD t p-value

mM3UlszinszaunMEBNLAST 9 A1aa (9Q)

wWisnifisumelungunamasas  ngunasas 36 7.11 8.006  -2.256 0.030*
ﬂa;&lﬂ’J‘UQ&I 36 12.61 7.334 -7.123 < 0.001*

naunasad ngunesay 36 6.89 7.873  -1.472 0.145
nguAILaN 36 9.56 7.489

WRINARDY ngun@ses 36 7.1 8.006  -3.039  0.003*

mjum‘uqu 36 12.61 7.334

mMsdszilina N IRaN1TAN1A IR 8 A1 N (8Q)

L'ﬂ’%'ﬂ‘uLﬁwmﬂlumjwﬁdmam ngunesad 36 4.50 7.033  -1.540 0.132
NgNAILAY 36 442 7.667 2788  0.009*

naunasad ngunesad 36 4.28 6.726  0.280 0.781
nguAILaN 36 3.81 7.574

WRINARDY nguN@Red 36 450  7.033 0048  0.962

nq‘umuqu 36 4.42 7.666

W86 SD = Standard Deviation
t, p-value Wisuifisumelungundinenes = Paired sample t-test
t, p-value L1/3BULAIBUTENINNGUAI8E19 = Independent t-test
KAP = Knowledge, Attitude, Practice

* SzQUUBEIAYNIEHEN 0.05

* SzauUisfAYNIFAAN 0.01
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Abstract

Leftover medicines among patients with non-communicable diseases (NCDs) are an important issue
affecting Thailand’s public health system. This study aims to investigate the prevalence, quantity, value, and
associated factors of leftover medicines among patients with NCDs in a community setting in Phayao
Province. A cross-sectional observational study was conducted through home visits. Data was collected via
structured interviews and analyzed using descriptive statistics and multivariable logistic regression. Among
361 participants, 89.8% had at least one item of leftover medicine, with a median of two items per person.
The total amount of leftover pills was 21,534, with an estimated value of 18,340.4 baht. Amlodipine 5 mg has
the highest quantity and value of leftover medication. The leading causes of leftover medicines were forgetting
to take medications (55.6%) and receiving medicine exceeding the appointment interval (52.5%). Factors
significantly associated with having leftover medicines for more than eight weeks included having multiple
chronic conditions (adjusted odds ratio [aOR] 1.51; 95% confidence interval [CI]: 1.06—2.13), use of herbal or
dietary supplements within the past six months (aOR 2.33; 95%CI: 1.01-5.34), and incorrect medication use
(aOR 9.87; 95%CI: 2.37-41.04). While most patients practiced appropriate medicine management, such as
returning leftover medicine to healthcare facilities, some exhibited risky behaviors, including sharing medicines
with others and improper disposal. The findings highlight that multiple comorbidities, herbal product use, and
non-compliance are key contributors to leftover medicine among patients with NCDs. Developing a screening
system for at-risk patients, promoting medication adherence, establishing appropriate prescribing practices,
and educating the public on proper medicine management are essential strategies to reduce the burden of

leftover medicine and its negative impact on healthcare systems, economic resources, and the environment.

Keywords: Leftover medicines, Non-communicable diseases, Associated factors, Community medication management
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e 0.903
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> 20,000 LN 48 (13.3) 39 (12.3) 9 (20.5)
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ANBIE (Souaz) 8 §Ja¥i n (Sazaz) P value’
(n=361) laf(n=317) & (n=44)
maldanwlnswsandanmaitasuoims 0.020
Tuz9 6 LHaw
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a ‘:f Q
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SIMIRENWUS NN FUNTINE (WHh): 1(1-2) 1(1-2) 2 (1-2) 0.0248
median (IQR)

S mInsen38fi1E (31813): median (IQR) 2 (2-3) 2 (2-3) 3.5(24)  <0.001
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1ad 349 (96.7) 305 (96.2) 44 (100.0)
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Lt EI9H * = Chi-square test, T = Independent t-test, £ = Rank sum test, Was § = Fisher’s exact test
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42 | Vol. 18 No. 3, September — December, 2025 Health Science, Science and Technology Reviews

4500
4170.5

4000
3536.5
3500
3000
2500 2369.5
2056.5
2000
1460.5
1500
1164.5
1000
744
569.5
455
) . .
0 -

Amlodipine 5mg Metformin 500mg  Glipizide 5 mg Enalapril5mg  Simvastatin 40mg Losartan50 mg  Atenolol50 mg Aspirin81mg  Simvastatin 20 mg Allopurinol 100 mg
(n=130) (n=90) (n=55) (n=87) (n=104) (n=43) (n=45) (n=27) (n=35) (n=4)

e (Wia)

U 1 Bnueimialirmvesgiholinhifadesads (n=324)

4000
3753.4

3500
3000
27762
2500
2000
1606.5
1500 1414.6
1000
710.8
5714 554.2
) . . . B =
0 . .

Amlodipine 5mg Atorvastatin 40 mg Simvastatin 40 mg Losartan 50 mg Metformin 500mg  Enalapril 5 mg Glipizide 5mg  Nifedipine 20mg Simvastatin 20mg  Atenolol 50 mg
(n=130) (n=10) (n=104) (n=43) (n=90) (n=87) (n=55) (n=2) (n=35) (n=45)

(um)

A

o

31 2 yademdaliTnvesdiholinhifedaiiads (n=324)

sunansiznmaaly
mnn’mé’ummﬁnﬁjuﬁ"aaﬂ'nLﬁmﬁ'ummqmaamsﬁmmﬁaw WUINTaHRE 55.6 maanﬁjmﬁamalﬁ
wanaIAaINMIANTUIzNBeN Laziauas 52.5 LAAINNAT LATU M ARTIWININGG manaaug Niiu
a A oW o % o o % A '
mmqmmmwmmaah loun mﬂﬂjm”uaagau (fauaz 6.5) uaznIngasilad (Yasaz 3.1) Va9 n b
v v U 1 t;’ U 9/” 1 a
NIANUINITALINe lansarrlainauiesnioanlsansai oM IGULET wanIARIINLINAAIN
MUl szmuenfa lagsudsznmue lwsmendasnitvwmanunngss (Fasaz 1.9) LLWﬂﬁ%gﬂﬂW%ﬂﬁﬂﬁ
YSufsumsinm (Sawaz 1.2) uazdiswndafiasnnlulsineuiadewinia (Sauaz 0.3)



Health Science, Science and Technology Reviews

a =} v
nIANITE A1

Vol. 18 No. 3, September — December, 2025 | 43

AEnanlunisdanisswnieldvesngudmeatfinutes lduin Mo lda@usniuneiuis (Souaz

61.4) wiamaihoanlgdensdlliinmadfsuudaimsinm (Favaz 45.7) adilafiaufinguaiadnsdwam

3 71 (Fauaz 0.9) Mthouwialdlwrauldde uasndudiadnsdwiu 2 o (Fauaz 0.6) Woundaldlfiary

Ausenialy

tedaifianudnnnsnumsisnvdelzvedihelsaldfaneisasslugazm

998N TANUFNAWTNUNNTRL AR ITUINAIN 8 §UAW mﬂwamﬁmmzﬁmmmaﬂiaﬁaﬁﬂwvﬁﬁa

udvldud Sruanlsadszdrdn nslfayulnsuaznianusiiainonmslugog 6 eufidiuin wazmlgunla

v ' = a o 04 n‘ g 1:' = A Y J o n‘ g ]
Qﬂ@]a\‘i N3N ﬂ'ﬁlliiﬂﬂiﬁ]']@]’nw%\l‘ll% 1 Iiﬂ %ZLWNIQﬂ’]ﬁﬂ"I‘S&IEI’]L%R@I‘E&HHT]’J"I 8 FUAALARNDH 1.51 ¥

(aOR 1.51; 95%Cl 1.06-2.13) ndudmadnanlgayulniuazniaimaiiaiuemslugig 6 Waunsuan aziim

mﬁ'alﬁmnn'jﬁmjuﬁvlaﬂ%aguvlw*; 2.33 171 (aOR 2.33; 95%Cl 1.01-2.13) LLa:ﬂﬁimﬁasi’mﬁ‘szfs'ﬁ'nwﬂﬁmvlsj

Qﬂé’faw:ﬁmmﬁasl,%mﬂm'mQwﬁs:q?ﬁmﬂfﬂﬂﬁgﬂ@Tamﬂﬁﬂm's 9.87 L¥i1 (aOR 9.87; 95%Cl 2.37-41.04)

a1 Ry liwuanusuNRTUaINsR AR e MU NLane1saI e la a‘hmuamuu%m‘sq"umwﬁL°1T’1§"1J

o a & g a v A > o § a A ¥ ' o 14
NIINWI  LLRSFNDINIIINWN 5'1ﬂazmmﬂmmummauwuﬁﬂumwmmaalmmﬂmw 8 sUaw LLﬁ@GSLu

A1519N 3

a19191 3 Tadsndanusunusnumsionndald (n=361)

T Crude OR (95% Cl)  Pvalue Adjusted OR (95% CI) P value

selgadadaidian

laidele reference reference

<10,000 LN 0.96 (0.27-3.38) 0.947 0.70 (0.17-2.65) 0.603

10,001-20,000 U 1.02 (0.15-6.86) 0.982 1.86 (0.25-13.52) 0.542

> 20,000 Un 1.77 (0.43-7.21) 0.426 2.34 (0.52-10.45) 0.266
Srmanlsadszsnan 1.45 (1.05-2.00) 0.024 1.51 (1.06-2.13) 0.021
51%'mamuu'%m$qwmwﬁLﬁ'ﬁ%’umﬁ%’nm 1.52 (1.05-2.19) 0.026 1.44 (0.96-2.18) 0.075
n3lannlnsnsonaanwilaI N1
Tuz9 6 1han

laaelgnsalals reference reference

15 2.36 (1.13-4.95) 0.023 2.33 (1.01-5.34) 0.046
a £ @ [y o
ANDUSLNUFTNINIINKIN

1ails reference reference

1“11' 2.58 (0.89-7.49) 0.081 3.09 (0.98-9.72) 0.054
izq%%mi‘l%’mhignﬁmaahaﬁazl 1579013

1ails reference reference

1 6.24 (1.61-24.20) 0.008 9.87 (2.37-41.04) 0.002

vanawa: Auildlds ROC = 0.751 (95%Cl: 0.685-0.816)



44 | Vol. 18 No. 3, September — December, 2025 Health Science, Science and Technology Reviews

a ¢
717

=2 aqlld o 6 A o = A Uy ra ' d? o o o
mydnmidiandszasdiiadimadymnmiloundelslufiholialifadesediluguruiaadamia
v K a ' o A A v A o a A ] & a a
weien lapuiudnsnuiinm yadn uazTadpfiioatas sadudymaayfisimaniznudenidszdnnimms
NH AL ILUURITITUEY ﬂﬁjmﬁaaiwahuimg’Lﬂu;jaﬁdmﬂqLWﬂmfﬁaﬁvlﬂvl@Tﬂszﬂauaﬁw fszaumsfinmndingy
Urznndns uazlineldiafodaidouiasndi 10,000 v agslsfianufaunmuaauInguanuiauss
JamImsiudszmunlddioauies nuarege ddisauvesimiuliadszdg 2 lsa lsafinuuniga
fa anuaulafiogs lvdufadnd uaziumanu uaslidaisagnusasiwiunonisenildlszdi 2 o uas
a { v a ' 1 [l Rt a { v v va n"‘ Qs
FwananuuInIguA g TuIng 1w lasdulnajaniuuinim sw.ae. Inddu wasldandusenu
FUAWIIBAIN
a A Ve ' & A Y A 9 ) ao o 4 o
anwgnmidsunialdlungudiadranugefiafieudasss 90 Samanadasnunuissnawniinls
a a R ) & A4 B = & oy
viunmadsntundmaluiuian [2.4] wiw mnsdnsndywounialdlugihsliawimnu lsawswnanus
B Az W89, IWUATURATaLIIUIN 4 WIS ﬁwudw@:ﬂ'aUiimmmmnﬂﬁﬂﬁﬂ’]L%ﬁaWﬁﬁ’]u [4] veus?
nsdnsfivteyasunielfvesgiliaiuwnuannmebsmnduilsweuia nauwuanugnveini
snRe TR EITasay 14.1 [3] MIAnsALEIsM s nie MluuSunvesnmadeuthu Jumildunuainy
gnuasdymsnndeltluszaugininisdnmanmshsanfufisniuneuis anvgnmsioundalsn
MNenwNudaznIAnmandanuuand i netlilasnanuuandeamslidiiiow Anaiudoya
uLazANBMzTRINgUTat1g adw lsiamnuamIEnmiuazmdnmneuniuaasliiduinmlomiald
faaadudynindrdyvesrzuvumningureslszinalnaniluadauazTagiu uanidudynindasnianis
un luagn9aieas
ToyadTanaumazyadounials nsdnmiwuingudiadedaisagusasmensmialddans
Fun 2 M (§989 6 718n17) I 21,534 Lla uazliyadrsunialiiin 18,340.5 un fsudazd
USinmwazyadidniinoanulumsnsnewnin Anudeunieldvesdihelsaiwmmnululsmemaus:
W9, $1WIU 403 Mo dyadTngeils 64,000 Um [4] Nataraitiasanngudiadidulnglunsdnsads
& @y Ao A ' a [ A A A X '
wdugihenivorann sw.aa. sadunwiisuinsgunwzaulguni nenailszuunisguadiiouanedisain
Tsanenuna wiu Gazoznansiagihosund (gegadszanm 2 Wew) uazdwiwnemsnngiheldionni
| & & = A M v A o, @ A A
(fT8g1U Aa 2 MBI g9 7 TenT) wenaninsdnmaisildldtununadihelfianzidadans
AN i a o o ¢ & o A oy & ) =2 . v 1a :
e lifinsrzyiwdanuunwndassnaly uazonfgihogannlddsauias JaanadeualiSanmuazyadien
& ol o ' =S o
wRalEANUFINIIMIANEDY
A oA A o o Pz A a o A L.
Manspwialifinuanuigige 3 suauuanlunsdnsi fe praannuaulaia amlodipine 5 mg
@ A . . o ¥ A . o o A & a
8180 U BLULREA simvastatin 40 mg LAZENAATEALINANA lsLRaA metformin 500 mg AW&AU 981N 3 Tha
unduauusnfiuuzinlildarmunimamssnslsaasnanludsanalng (19-21] Jadusnfignasldies
waziiosnnnguaretvdinlnglunsdnsidudgeamdulinanuaulafags armuwiminisinmle
anwuaulafagilunrfuanily dsudyssge O w.e. 2562 uuzihmasusaaanuaulafiangw calcium
channel blockers (CCBs) tuduauuinluggiansy Wiasanduszansammlunisaaainuaulaialad
Tdndudeasasrafaaulszininwuazanulasansanuaariameiasd juansdunan [21] 3evilden
.. A @ A ' < o o I o 4 <,
amlodipine Faidusnananuaulafangu cCBs gnavingldtanluggiany wanidudnfanfdlunsdsislu

a

GERVATLRITRR P TR EVEFY
< & om o

= = v da v o & a A 99 . o -
ﬂqiﬂﬂjﬂ"]ﬂiﬁuwﬁ"ﬂUﬁulﬁ]ﬂﬂ]ﬂ"]ﬂ‘ﬂ"ﬂEl'ﬂllﬂ')'\&lﬁllwuﬁﬂuﬂﬁliwEl']Lﬁﬂal"ﬁN'lﬂﬂ']ﬁl 8 gUa19 NILIbBIN

U

aan 6 o ' A a @ v Y A a 1 U & o &
lunsadfinunwndinieenfafiuiuialidie inedasnudym enldweldraunuunndluaisdalunn



Health Science, Science and Technology Reviews Vol. 18 No. 3, September — December, 2025 | 45

prannangywin wienadawiaf lildnunulisrmih mlsundelduinndt 8 dland Suduseazvion
fanmsdidgmsnwdsldimiiwenasudunuiaselunsdjid swmsudadendanusunusadsdngsiagms
aa @ a A L% ' v AA 1a 1 o 6 =3 ‘:qi’ v ) o o
gianuMIRaelTastey 1 31ums ANUSIIaNINNIT 8 alansd lumsdnmdt laun Suwiulsadszsnen
milgayulnmlenianueiiaiuamslugag 6 Weufiduan uazmyszyitldinligndasadieies 1 mons
=2 ~g ' ~ o o a X A = A o LR o
MIAnEAWLI nsRlsaUszdnanwndn 1 Isa aziwnlanmamsdonnde btz 1.5 w0 Aaud
) o ' A 2 ' v A= > o ¢ : o o o = A
JrazgiliinsansneuninNdnsnanusunussznineswanlsadseirarnunislonwieltlasass
1 tﬂl = o s ldl l:l l&‘ 1 YV Yo U L3 = lil l:l Qs v U
wdtasnnmiadliadszdrdrfiindundinaliindasldomassia foraduanududaulunisldsn
1 ' ' = L% ) 1 = =) v t§‘
Sadsnadannuiiniiolunsldin uazanahllgmsfivundeldunniu [22,23)

= A

fawiinguaednsdulnglunsnmnitazszyiinisldmldgndasmnmenis uddadihouesun
syAtnsldinligndasadieion 1 :1enns (awaz 2.5) uszwuindunszyitnisldun ligndasiivunials
\fin 8 dlansd wnnddithefldinldedegndasaudaunndifoy 10 wh wihdgwinsiioundelfaziia
nnnlsnySinaesnifiunndss udnsldi bigndasludihoumofiennmislinfesfieniedanm
fanalildsonadenmsfisunioldlanass udenaszvauldiduiinisaaanuiwiiolunisluvesgihe
lé 1 1 1 L= U =1 U s a 1 U
TIDNIFINARDANULATIATA M TITEN uaznlounaalt Msaansasuasdsiudynianuiauialunsls
TRV Pl 'mﬁmaqwﬂumnﬁummiwﬁalumﬂﬁmmm;jﬂ';UI@mawwxgnmq Wi MIUTUATNITIEEN
Winunzauuazazandmivdihoudazse mildamndindidiheddywiTaimweaiuniaduniafe

Mo a o o X A A ' A o A . a A o Aa o

laldidugedndu vstiaiuanundalunslion Geztiwsadymnmlounials Adsungainnaldmn
A o
nligndas

ﬂsjuﬁ"sasi’mQ’gdmqlumiﬁﬂmﬁﬁmwuqnﬂﬂisl,%aag'u"l,wal,l,a:mﬁmﬁmsﬁm%ummsgaﬂ'jﬁasm: 60

' a ) = . o A o ' o o A X o
L’ﬁummnumiﬂnmnau‘mm‘nwummqﬂmﬂmay‘uvlwmaumagﬂuggamqﬂLﬂuIiﬂLiaia [24,25] WAz
miﬁﬂmﬁﬂ'awuiﬂmium%ayuvl,ww%aw§@n°m6vTLa%um%wﬁmﬁ'umﬁ'ﬂméﬁUml,l,wuﬂmqﬁm:ﬁmmﬁal%
mﬂﬂiﬂﬂf,iuﬁvlﬂ"ﬁﬁquvlwﬁamﬂ”’;mh:mm 2.3 wh yasnimamauwngiaislianuday fudywiiies
= =1 g U ra ] ﬁQI = U dld 1 U dl
mfiswialfvasyih UISﬂVLN@I@@E]Lia’NluﬁN"Hu I@mawwzluaﬂa andlsasrnnanslye HRHIRERPREY
Tndalumslae mepj’ﬂuﬂﬁl“ﬁaaaluvlww%Nﬁmﬁmsvﬁa'%ummi'ifmﬁ'umﬁ'ﬂm
a a A =S Li/ =) A ﬂ/ Qs a = ™ 6

mmqmnmaammmmaaiﬁ‘lumiﬂﬂmu A0 NIANTUUITMUEMRZMT IETU LA IUIANL AN

yﬂ/ 1 CZN 1 o § v A k3 Qs 1 v o
#ANINRIINDIN ﬁ;dahUmamummmaagﬁumh FIRDAARDINUNANIANENNDURIIIINNITAITIIAINY
Aadiusaandrnsdadywisniald Awudoundaldmiulngifennuwnddednseniniuia gioda
) & a o = & X =2 ' o v &
sudsemuen wazuwndanidnmslaen [12] nansdnenluasbuazanmsdneniowniin uaasliiiuindgm

A oA & o o X o o v A A o v A o o

mmaal’ﬁumm@;mnmﬁ%UmugmﬂLLa:ﬂﬁmﬂmuQ’lﬁmms NIANTUUTENMRELEZNNT LATU LI AWI NG
dusimguanvasmsfivunield yamninmimaunnddsaaaiusinanuiiazanuaszniniianuday
2897138 ANNTINT2lUATITEING FINNIFDIUNLILIRAITHATNAUITTUUNNTRITIE L LALN I WD LAS
wnzannuiuia iwedasiudyminmdownieldluguou Sienvsdinansznudedszinininlunsinmlu
Hie LLazmsﬂuLﬂaum;jﬁal,n@ﬁaumﬂnﬁﬁﬁ'@mmﬁ'awﬁvla\imm:au [7-9]

wingudiadsdulnglunsdineil axliisianssunialsngndes ldun mahoundaldldu

° H v & o ' { o A

FDNUNIILIR WAZNTHIEINRRRNNNAATIAoUNN I TdanTo i TN U AwUaINITINEN TINANISANEN
aa@mﬁaaﬁ'mﬁmmwamsﬁnmﬁawﬁﬂuﬁﬂaUIiﬂLUﬂ%aﬂuﬁwudﬁﬁmﬁ@msmmﬁaslﬂﬁmaaﬂgiwﬁaaﬂ"m
' oA ° A A @ A v ' = A A
faulng Aenshenfmfanldrauneflaiulnd uaziivsmdalsldfuaniuneiuia [26] yaaninig

6 L% a d' U ) a ::' A Y A' a ::' =3 v
nIuwngarsaraseudywinislduvuaaiy Tunsdigihsioudufiniannldes iesnnoudufiiold

219NNABE NIDUNATANENINYDILNHDINNMTIAUINN mﬁvlaignéfaa MR SUssansnnlunssne



46 | Vol. 18 No. 3, September — December, 2025 Health Science, Science and Technology Reviews

aaad twaifasnudyniainana ﬁammu:ﬁﬂﬁp&”ﬂam‘hmLawﬁmﬁamamuwmmanm%’uﬁ'alﬁmé’%m
aTazavnawin Ul 56e ‘vﬁas’mLa'%umﬂﬁmwﬁﬂamﬁmﬁ'umsl,ﬁu%'ﬂmm mi@fu%mmq LRZANE AL
PILRONRNNW
' = =2 & X . o A v, \ Aad o A AV ' °
2t lsneuMIANENATIRNLIN mmdahm_mmummﬂmsmmaai"ﬁﬂummszau VB ntinen
9/9/4' 20 1 s o o % 6 o A ,:’ g o A

1‘1;\EaulmaI@ﬂvLuvl,mumLLuzmmﬂﬂjmmnqﬂmmmammwws_l wazmM e nae Lt lUAsluosvperin s
ﬁnvlﬂg'mﬁﬂmfl anluRILINFDN N3N mmﬁasl."ﬁ”lﬂslﬁgﬁul"ﬁ@iamﬁlﬁﬂﬁa’ﬂmﬁvlﬁ%'u el lwuuwnganusia
RINALAVIANNGDL R MNTIN LazanarinlRAAdWATIHINNNITITEN 1T% NITWAET 81T b NIUTTRIA
INMSITL BUATIHINNMILTUIRATRALFLAAIT BAZNTAABUATAINTZTHINILN qﬂmﬂsmammwwﬁﬁa
middLa'i‘umﬂﬁmwj’ua:Lﬁummmwﬁnﬁaﬁumwsmﬂ mﬁ@mmﬁmmmawmgﬂw Taglaisnwniy
mafaaauLmﬂﬁﬁ%m:ﬁﬂmqﬂmmmammwnﬁ s’mﬁamﬂﬁmmj’lﬁmﬁ‘uLmeamﬁﬂmi%%amsﬁﬁ@

a el @ 2 o oA v
gl L%aalmﬂgﬂ(ﬂaﬂ LW@@@ﬂIme’]ﬁﬂﬂﬂimmaal’ﬁ“nvl,ll LANIERA

=
ayduanisdne
U a 1 nj’ = dq’ dl o > 1 N- =1 q/lé 1 v Aa =\ qu/
;dﬂ'aﬂIﬁﬂ"l,mwaL‘sasalw‘gmuwumam@wummulmyummaa%sﬁ\malwm@mmgtgl,ama‘s:uu
ATITUFIUAZITUUIATE AT ITN TR Szine landTaduiioades Tdud Sruiulsadszdran nsld
m;uvl,wm%awﬁmﬁ‘msﬁl,a’%ummi LLa:mﬂﬁmﬁ"L&ign@Taa maﬁmmﬁal’ﬁﬁmmqmnﬁa@ﬂ’smm:i:uuu%mi
e 1 CZN] 1 1 Qs L3 o L § ] é 1 v A Q;/’
GRTEREY LLa:mwm'lgﬂwmamuﬁmmmmnu’me:msmwmﬁ"Lumm:ﬁm Faenanaliiialyning
NFUUITENTAIWNNIINE A Uaean s nMTen waznsUuidonludiniaday nMINERILWINIILING
faEsuaNNTINAalunsl T MR RALWINIINITRITND L IR REAARDINUIWIA LLa:miLa’%wﬁnmmﬁ
Faansianssnielingndas azdredesiudymnsiisinielflugure saaanugyiiomaassgia

swntsdasnudymanmssamsgunielEn lwanzay

@ o o
ALBIUA zﬁa%']ﬂﬂ?]aﬂ ﬂ']sﬁﬂﬂ']

¥
-

o a A o X A = g =2 A9 v a A

ﬂ’]imi’ﬁm’]i&lEl’lmaal’ﬁ“uadﬂdﬂ’sEJISﬂVL&I@]@WIElLiai luns@nwit iuwnsanwNltuSunvesmaduy
) A = Ao XY A A oA & oA o = % A va o oA X
i Fedugaudenlilddayanisfiownialsanulindw Seazviaudymennialiiuiaiasdioly

= a A X & o = A o A ) '
TUTH NMIANBINTTL mmaal’ﬁ’l,mdm SIEGIEGRE mmuaanl’ﬁgmmun’mﬁwmumﬂm’lmmmaaaum
mﬁaa’mmﬁg}”ﬂ'ssﬁmﬂﬁmwaauﬁinwmma asi’m"l,iﬁmwmuﬁan’i%mnﬁuﬁaQamnmnﬁwﬂ’m il
snemzvadngualaind linanuans sulngjidudzeons lildvhnuniaindomany ussdudilsznavardn
o o o o o A A ' a PN @ @ o

LNEATNIIN WATUNIIINENlsalTe31697 TN, 84, saduniisuiniszund 29073320 a9 N30
wamsﬁﬂmﬁvl,ﬂmmmiﬁuﬂizmmmjwﬁu NoN1AR AN BMUTTIININUANAIIIINNITANENT 173 UTes1nTln
qumuLﬁm mﬁui’w‘hmu %%amjugi’ﬂaUﬁml"ﬁ'uu%mﬂuamuwmmmm”ugdﬂiw MIANIREINT TN AU
MU AWANNTINTBNT N NN A IRNN BB D AT T YRR NI TRNTUY T2 e %dﬁagaﬁ"lﬁmnmi
é’mmmﬂmjmﬁaﬂﬂalmﬂgﬂawnswwaﬂ']il,l,wwﬁ awﬁﬂﬁ’lﬁﬁagaﬁLmﬂ@mmﬂwqﬁﬂﬁumﬂfmﬁLLﬁa’%waa
;jﬂw Lﬁ‘aLﬁummgﬂﬁawadﬁagam']m’auﬁalumﬂfm nmsdnsluamiaaaranasanlemdiwimsosas
Pa9n1TiTEInMIBULdasn niansUtsinanundan1siten laslenisd st inannnansd 5NN 13w
M3 visual analog scale (VAS) %38 the Morisky medication adherence scale (MMAS) 373628 uanandlu
v > d' d' v a a A L% 1 v > v 4' d' 1 ] a L% U
dwiaaNNgRInUNNIR e Ra e T "Luvl,@ﬂnmﬁawmummL’ﬁemawaam@awqmnimmﬂﬂnmmaa;dﬂ’m
817 NI ad Tl e IndSurmunnIan1sltu108196 01T FINALREAaN1TRIIN WY aIA LRI B e
anudainsliayulninionfadusiiainemny isinaiodeguninuazdasadoniinialdon unudagdu

Bsansiinsfnmifassduanudaiununsltiuasnfadmsigunn lasldnsdnsidguninluewas



Health Science, Science and Technology Reviews Vol. 18 No. 3, September — December, 2025 | 47

"]?I"él Ldnatle I,%\‘I‘HIEI‘]J’I ]

£ o ‘l/tild cil =) = ¥ & A o o a
NMINAURIIZUUAANTIDINNVUAINULRIINITN EIWL‘MG@I’H Lﬂ%%u\?l%ﬂﬂQﬂﬁrﬁﬁﬂmﬂ%ﬂ’]iﬂﬂﬂ[yﬂﬂﬂﬁiuﬂﬁ

U
v @

wialglugiholsald@adaiess netiiasnndagiudwuiihelialifedaisefalidwananuaziuwliiy
A X ' oA ° 'y ' A o a A @ A
induadidaiiies iliyaanimanmaunndldamainsndsaduusziamadymmsfiounialtodnsazidua
ldlugihonnme nenndednaduiwinyaainiuaziim nmanaszuunIAanIssgitonianuEsang
~ A o A o o A o 2 < X v A '
flonndeld lagRarvananiassdns g lasiawizdassf laannsinsased 1ou a'ﬂﬂimwwmﬂm
X A o A A % o v A [N 9 @ x> A =
dhefldayulninieamuaiuiuiumsinm wazgnddszianslildimamuunndas iheasasaunsdon
A L% a a A L% 1 a 1 v 6 v a
wiald daziliugingnisfiounieldedazidoa sztinliyemninnsunndidladym dszadusng
LLaz‘mLLmvmm‘sﬁ]”@ﬂﬁLLa:LLﬁ”Lmﬁtuummsﬁmmﬁalﬂﬁmaﬁummqmaa;&”ﬂamwia:sw"l,ﬁmhomm:am
A . o A o
Feazteliaelymonnieltluniwnyla

naanssudsena

ﬂm:;ﬁ@ﬁwamaum:qmﬁmﬁﬂﬁinwmmaz&ua’%uqmmwe‘hua DAL GRS BRI IRERR
wyj’ﬁm LLa:mjuéﬁammﬂﬁmmﬁmmLml@nLLa:m'm's"mﬁmf]uama?jﬂumiawgmu RHIN LRIE AN G Pl
a:mnlumﬁ'sunm]’agaiumaﬁwmu?ﬁmuéﬂL%Qﬁ'suvl,éfaimauyszﬁ Nwisildsldmeddiunis
aﬁfvagumnmmuné’mmam% NRNINLIRUWELEN LLa:Vl@‘T%'unuaﬁfum‘g,m'mﬂamudam’%u%mma@% 798 uaz

WIANITU NUIHLARIIUYAZI (Fundamental Fund: FF) Uszdni] w.e. 2565 Laufisaya) FF65-RIM148

LNA1ID19DY

[1] Geremew S, Ayenew W, Gebregeorgise DT, Habte BM. Prevalence of unused medications and
determinants among the general public in Addis Ababa, Ethiopia. BMC Public Health. 2024;24(1).

DOI: 10.1186/s12889-024-20645-z.

[2] Tegegne AA, Mekasha YT, Girma M, Limenh LW, Yohannes L, Genet G, et al. Assessing the
prevalence of unused medicines at home and associated factors: a community-based cross-sectional
study. BMC Public Health. 2024;24(1). DOI: 10.1186/s12889-024-20847-5.

[3] Gulchusak P. Study on the problem of leftover medications in diabetic patients at chronic disease
clinic Ban Khwao Hospital, Chaiyaphum province. Chai Med J. 2022;42(1):66-74. [in Thai]

[4] Punnapapaisan W, Kittiboonyakun P, Saramunee K. Designing the system for management of unused
medicine in patients with diabetes mellitus by using root cause analysis framework. TJIPP. 2018;2:300-14.
[in Thai]

[5] Taheri Soodejani M. Non-communicable diseases in the world over the past century: a secondary data
analysis. Front Public Health. 2024;12. DOI: 10.3389/fpubh.2024.1436236.

[6] Bhoothookngoen P, Sanchan N. Prevalence of noncommunicable diseases and social determinants of
health in Thailand: Insights from public datasets. THJPH. 2024;54(2):918-36.

[71 Ehrhart AL, Granek EF, Nielsen-Pincus M, Horn DA. Leftover drug disposal: Customer behavior,
pharmacist recommendations, and obstacles to drug take-back box implementation. Waste Manag.
2020;118:416-25. DOI: 10.1016/j.wasman.2020.08.038.



48 | Vol. 18 No. 3, September — December, 2025 Health Science, Science and Technology Reviews

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

Asmamaw G, Agedew T, Tesfaye B, Sasamo S, Gena S, Argeta M, et al. Prevalence of leftover
medicines, disposal practices, and associated factors in Arba Minch Town, Southern Ethiopia. SAGE
Open Med. 2023;11. DOI: 10.1177/20503121231158214.

Begum MM, Rivu SF, Hasan MMA, Nova TT, Rahman MM, Alim MA, et al. Disposal practices of
unused and leftover medicines in the households of Dhaka Metropolis. Pharmacy (Basel). 2021;9(2).
DOI: 10.3390/pharmacy9020103.

Srijuntrapun P, Maluangnon K. The management of unused and expired medications

in Thai households: Influencing factors and prevailing practices. PLoS One. 2024;19.

DOI: 10.1371/journal.pone.0309266.

Constantino VM, Fregonesi BM, Tonani KAA, Zagui GS, Toninato APC, Nonose E, et al. Storage
and disposal of pharmaceuticals at home: a systematic review. Cien Saude Colet. 2020;25(2):585-94.
DOI: 10.1590/1413-81232020252.10882018.

Tantipiwattanaskul K, Pongthananikorn S, Pimpong T, Nutprakong W, Pattoom T, Saengungsumalee S.
Survey of hospital pharmacists’ opinions on current situation of unused medication problem. AMJ.
20237(2):381-401. [in Thai]

Poophalee T, Koonsawat C, Phuradchaphon T, Srisaknok T. Explanations and handling of unused
medicines in patients with type 2 diabetes and hypertension: A case of a community at Ubon
Ratchathani. TJPP. 2018;10(1):3-13. [in Thai]

World Health Organization. Adherence to long-term therapies: evidence for action [Internet].
Geneva: World Health Organization; 2003 [cited 2025 Jun 12].

Available from: https://apps.who.int/iris/handle/10665/42682.

Ministry of Public Health, Drug and Medical Supplies Information Center. Reference Price (Drugs)
[Internet]. Nonthaburi: Ministry of Public Health, Drug and Medical Supplies Information Center;2024
[cited 2024 Feb 2]. Available from: https://dmsic.moph.go.th/index/drugsearch/3. [in Thai]

Ministry of Public Health, Drug and Medical Supplies Information Center. Normal Procurement
Reference Price (Drugs) [Internet]. Nonthaburi: Ministry of Public Health, Drug and Medical

Supplies Information Center; 2024. [cited 2024 Feb 2].

Available from: https://dmsic.moph.go.th/index/drugsearch/1. [in Thai]

Lemeshow S, Jr DWH, Klar J, Lwanga SK. Stanley Lemeshow, David W Hosmer Jr, Janelle Klar
and Stephen K. Lwanga. Adequacy of sample size in health studies; 1990. P. 42.

Peduzzi P, Concato J, Kemper E, Holford TR, Feinstein AR. A simulation study of the number of
events per variable in logistic regression analysis. J Clin Epidemiol. 1996;49(12):1373-9.

DOI: 10.1016/s0895-4356(96)00236-3.

Diabetes Association of Thailand. Clinical practice guideline for diabetes mellitus 2023. [Internet].
[cited 2025 Jun 19]. Available from: https://www.dmthai.org/new/index.php/sara-khwam-ru/sahrab-
bukhkhl-thawpi/diabetes-book/naewthang-wech-ptibati-sahrab-rokh-bea-hwan-2566. [in Thai]

Royal College of Physicians of Thailand. 2024 RCPT clinical practice guideline on management of
dyslipidemia for atherosclerotic cardiovascular disease prevention. 2nd ed. Bangkok: Krungthep

Wechsarn; 2024. [in Thai]


https://apps.who.int/iris/handle/10665/42682
https://dmsic.moph.go.th/index/drugsearch/3
https://dmsic.moph.go.th/index/drugsearch/1
https://www.dmthai.org/new/index.php/sara-khwam-ru/sahrab-bukhkhl-thawpi/diabetes-book/naewthang-wech-ptibati-sahrab-rokh-bea-hwan-2566
https://www.dmthai.org/new/index.php/sara-khwam-ru/sahrab-bukhkhl-thawpi/diabetes-book/naewthang-wech-ptibati-sahrab-rokh-bea-hwan-2566

Health Science, Science and Technology Reviews Vol. 18 No. 3, September — December, 2025 | 49

[21]

[22]

(23]

[24]

[25]

[26]

Thai Hypertension Society. 2019 Thai guidelines on the treatment of hypertension. Chiang Mai: Tric
Think; 2019. [in Thai]

AlabdulKader A, Alsheikh S, Alghamdi R, AlHarkan K, AlShamlan N, Algahtani H, et al. Association
between multi-morbidities and polypharmacy among older adults at an academic medical center in
Saudi Arabia. Med Arch. 2023;77(6):471-6. DOI: 10.5455/medarh.2023.77.471-476.

Almodoévar AS, Nahata MC. Associations between chronic disease, polypharmacy, and medication-
related problems among medicare beneficiaries. J Manag Care Spec Pharm. 2019;25(5):573-7.

DOI: 10.18553/jmcp.2019.25.5.573.

Ananchaisarp T, Rungruang S, Theerakulpisut S, Kamsakul P, Nilbupha N, Chansawangphop N, et al.
Usage of herbal medicines among the elderly in a primary care unit in Hat Yai, Songkhla province,
Thailand. Asian Biomed (Res Rev News). 2021;15(1):35-42. DOI: 10.2478/abm-2020-0005.
Shahjalal M, Chakma SK, Ahmed T, Yasmin I, Mahumud RA, Hossain A. Prevalence and
determinants of using complementary and alternative medicine for the treatment of chronic illnesses:
A multicenter study in Bangladesh. PLoS One. 2022;17(1):e0262221.

DOI: 10.1371/journal.pone.0262221.

Wongkalasin S, Promasatayaprot V, Chaiyasong S. Causes and disposal practices of

leftover medicines among diabetes mellitus patients, Thailand. JSJU. 2021;56(6):370-8.

DOI: 10.35741/issn.0258-2724.56.6.31.



50 | Vol. 18 No. 3, September — December, 2025 Health Science, Science and Technology Reviews

UNANNIIY (Research Article)

NANIINRAINITZUUNITVANIIANBYIEIRTU c:i:ﬂ'aﬂﬂ'l';ﬂﬁﬂﬂW%ﬂﬁﬁ%’Uﬂ'ﬁ%’ﬂM

[N [y [ o 1 = =2 [ o
lL‘lJiJE‘JI'iJ'JEIGI% (1% Tﬁ'GWEJ']iJﬁa‘SBGﬂ'J"IG PINIALNTI: NIIANBININAADILDNNIRAI

o FL a 1* o a () a A €9 o a 3
VITYLI LWﬂJWﬂE‘] , iﬂiwiad DWINAT, 6!’%’6]6] TUWINA" RS Thy wItan

Effects of a medication management system for inpatients with renal impairment

at Rong Kwang Hospital, Phrae Province: A retrospective quasi-experimental study

Kwanjai Permpoon”’, Surarong Chinwong?, Dujrudee Chinwong?® and Nat Na-Ek®

' Pharmacy Department, Rong Kwang hospital, Phrae 54140, Thailand

2 Department of Pharmaceutical Care, Faculty of Pharmacy, Chiang Mai University, Chiang Mai 52000, Thailand
3 Division of Pharmaceutical Care, School of Pharmaceutical Sciences, University of Phayao, Phayao 56000, Thailand
* Correspondence author, E-mail: kieadjam@gmail.com

Health Science, Science and Technology Reviews. 2025;18(3):50-66.

Received: 24 July 2025; Revised: 19 October 2025; Accepted: 6 November 2025

uUnAALa
¥ &

miﬁﬂmﬁﬁi‘mqﬂizaaﬂLﬁaﬂizLﬁuﬂszﬁwﬁwamaaizuumiﬁ?’@mi@i”mm‘ﬁ'ﬁ‘wmﬁuéﬁ%%‘u;‘Jl”ﬂ'sslm's:"lm
unwissdagsumsinenlulsswenuna sruueInanlszneudin 1) LmeaLLa:gjﬁamiﬂ%‘wm@mﬂ%m
2) unudadowdaiszisuazdaaunslgenlumsafsudiinnsafing 3) minuniudiasltonlagings
naReUsndnanunINzaENTeINIRIITE uaz 4) MIsslsnsunndlunsdiinudgeldonldmanza
I@]sJLﬂ'%smﬁﬂuwaé‘wfmaa;gl”ﬂ'smﬁvl,@‘f%“umsgm@hm:um"’aﬂd’n (NFUUNINWDY s’fidi'suiwﬁagaizmw
WENEY 19 FIRIAN W.6. 2567) ﬁu%ﬂ’amﬁ'léf’%’umigLLaﬁaumsﬁﬁ:uumlf’ﬁ (nguauguluada 971U
Toyasewinawnun1ay 09 Aunun W.a. 2566) HASWERENADANNRANZENLEINIFIITEN Siazienyada
MInanasladadin §IRHAANTIBIABBATINITUTLIMIALN LN RNNTRY TATerRa sdanTaanastaes
I@ymﬁmm:ﬁﬁwmlﬁwmawm“’aLLﬂ'sﬂ%'m‘fmLWﬂ 21y A1da3nnInIeszadlalasiszunm (estimated
glomerular filtration rate: eGFR) uazrfianainnizlaunwias lasmiumindaysangihodiuau 220 e (ngaas
110 71) wuhdidhudulngidunans (Fauar 56.4) ﬁawqmﬁs 71.70 £ 11.99 § uazfinnzlansisass
fouay 51.4 ‘ﬁﬁ'amsw”@umi:uuwudﬁmwumm:amaamié"ﬂﬁ’mLﬁmfuaﬂﬂdﬁﬁfﬂﬁﬂﬁ‘mumaaﬁa (adjusted
odds ratio = 11.33, 95% CI 5.81-22.13; p < 0.001) lagdamnisssldenlimanzavanasainiosas 53.7 (116
519M1391N 216 e I§Ien) 1ndeuas 14.3 (28 T1N39IN 196 TIYMTHILN; p < 0.001) UazEATINITUIL
PaEIad Iz aRndwatnadiindfy (adjusted incidence rate ratio = 2.20, 95% CI 1.67-2.89; p <
0.001) LL&T?TWmiﬁﬂmﬁvlﬂmmmagﬂmmﬁ'mw”uﬂ%dmmqwazmm\lyizﬁ wazsadidasusuniuasdafeany

o o v o a v & Y ) Py X Ao
Iiﬂ'ﬂizﬁ]q(ﬂ'}“ﬂaﬂaLTqijNﬂqiﬁﬂﬁq NﬂﬂqiﬁLﬂi']zﬁl.l,a(ﬂﬂslﬂL'ﬁu'l']iz‘l_l']_lﬂqiﬂ@ﬂqiﬂquﬂqﬂwwuqmuwﬂﬂElﬂ']WsLu

T NFUNULNFTNITN T59nenuI8T89n19 JIRTAUNT 54140 Uszinelng
2 a a a s 6 a s a '1 s s a ﬁl ' Vl
AMAATIUSLNANFTNTTN AMLLAFTENFAT VR INeasLToalnd 39miawdeodlng 50200 Ussindlng

3 3 UITINITUTLIANLNADNTIN ARLARTANEAT URIINUIRUWELEN TIWIANLEN 56000 Uszineaing



Health Science, Science and Technology Reviews Vol. 18 No. 3, September — December, 2025 | 51

muduaNumEzanraInIslgilugihisnnzlaunnias nmsenmluewaaaisdszidlivnansznunig
ARl AaauizauanuIwusizaInIsslion ldnanzan uazdnsyuueszasyaanimanmunndlugiue
dlinuszuy Munsdaauanudiuvesszunluzazon lasawznsasliSenumnanzausainissldm

Latannwly

AEIAT: TTUUMIIAMINUET, A launnies, ANURINEFNVBINTRILTEN

Abstract

This study aimed to evaluate the effectiveness of a newly developed medication management system
for hospitalized patients with renal impairment. The system comprised 1) a guideline and handbook for renal
dose adjustment, 2) an alert system for monitoring and tracking medication use within the electronic medical
record, 3) pharmacist review of medication orders to assess prescribing appropriateness, and 4) physician
consultation when inappropriate prescribing was identified. Outcomes of patients managed using this system
(intervention group, data collected from April to August 2024) were compared with those of patients treated
before its implementation (historical control group, data collected from May to September 2023). The primary
outcome was the appropriateness of medication prescribing, analyzed using logistic regression. The secondary
outcome was the rate of appropriate dose adjustment, analyzed using Poisson regression. All analyses
employed multivariable models adjusted for sex, age, estimated glomerular filtration rate (eGFR), and type of
renal impairment. Data were collected from 220 patients (110 per group). Most participants were male (56.4%),
with a mean age of 71.70 £ 11.99 years, and 51.4% had chronic kidney disease. After implementation,
prescribing appropriateness significantly improved (adjusted odds ratio = 11.33, 95% Cl 5.81-22.13; p < 0.001).
The proportion of inappropriate prescriptions decreased from 53.7% (116 of 216 prescriptions) to 14.3% (28 of
196 prescriptions; p < 0.001). The rate of appropriate dose adjustment also significantly increased (adjusted
incidence rate ratio = 2.20, 95% CI 1.67-2.89; p < 0.001). Although this study could not fully establish a causal
relationship and residual confounding related to participants’ comorbidities remained, the analysis indicated that
the developed medication management system has the potential to improve prescribing appropriateness among
patients with renal impairment. Future research should assess clinical outcomes, monitor the severity and
consequences of inappropriate prescribing, and explore healthcare providers’ perspectives as system users. In
addition, long-term monitoring of system sustainability is warranted, particularly regarding the maintenance of

prescribing appropriateness over time.

Keywords: Medication management system, Renal impairment, Appropriateness of drug prescribing
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I@]Uﬂﬁj&lﬁﬂ%ﬂﬁﬂ‘ﬁi:ﬂﬂLﬁumjuéﬁa'ﬁa @1 IRR >1 Waz <1 Waasissnnmsdivuwnasanamunsaufiiniu
NIDRNANIATNAAL Vfaﬁmnmﬁmm:ﬁﬁagaLﬁaaﬁu ;d”ﬁﬁ‘i'ﬂvlﬁmaaﬂ‘ﬁﬂ% Poisson LLaz negative binomial
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(p-value = 0.118 31N likelihood ratio test of alpha = 0) Bﬁﬁ‘ﬂﬁuﬁaﬂl“ﬁ Poisson regression FRTUIATER
NAANTIBIAINGT?
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o Y daw o Odds ratio (95% Cl), p-value
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AIANWEN . v = -
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naneme: Jinnzilasld logistic regression lanluiaanndius e luiaafiUsudraudana (o wis) ang (D)
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19191 5 TTUUMTIAMINBENALEATIMTUTLVMI@MTITEN (n=220)

o o o Incidence rate ratio (95% CI),
ansnsdsuamianisizen

o o p-value
FTUUNTIANTATNEN _ ——
m3Usu mslaidsy . 2 .
lanagaudsifes  lunannaius
WA WA
ADUWNMUIIZLY (n=110)
ALade + SD 085+088  1.05+1.04  1.00 (N§ud1wds)  1.00 (N§u198Y)
U830 (REUAID INA) 10, 1) 1(0, 2)
WAINGUIIZUL (n=110)
o 225 (1.71,2.97),  2.20 (1.67, 2.89),
Aafe £ SD 1.55 + 0.93 0.24 + 0.52
<0.001 <0.001
Upgu (RFuAlalng) 1(1,2) 0 (0, 0)

a @ . . o @ =
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Relative risk ratio (95% ClI), p-value
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i]ﬂﬂ']i M Y o [ 6 M Y o [ 6
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GEFIRET UsuLag GO UsuLag

NRINA W 1.00 25.26 6.05 1.00 27.66 6.95
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Abstract

Necrotizing enterocolitis (NEC) is a critical gastrointestinal emergency in neonates, particularly those
born preterm, with incidence varying across populations. Prematurity and low birth weight are well established
major risk factors, while additional contributors reported in previous studies include perinatal hypoxia, formula
feeding, apnea, central venous catheterization, and polycythemia. This study aimed to identify risk factors
associated with NEC in very low birth weight (VLBW) infants (birth weight < 1,500 g) admitted to the neonatal
intensive care unit (NICU) at Nong Khai Hospital. A total of 167 VLBW infants were included, of whom
25 developed NEC. Data were analyzed using univariate analysis, with variables showing p<0.20 further
evaluated via multivariate logistic regression; statistical significance was set at p<0.05. Univariate analysis
identified seven potential risk factors: premature rupture of membranes, sepsis, ventilator- associated
pneumonia, umbilical arterial catheterization, blood transfusion, mechanical ventilation, and patent ductus
arteriosus. Multivariate analysis revealed that only blood transfusion was independently associated with NEC
(adjusted OR 6.13, 95% CI: 1.23-30.47, p=0.01). These findings underscored the importance of careful
evaluation of transfusion requirements in VLBW infants and vigilant monitoring for NEC following each

transfusion or administration of blood components.

Keywords: Necrotizing enterocolitis, Preterm infants, Very low birth weight
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Abstract

The measurement of packed red cell volume, or hematocrit, remains a widely used method for
screening anemia and monitoring treatment across various patient groups. The standard method for hematocrit
measurement is the microhematocrit technique, which is simple, convenient, low-cost, and requires only a small
blood sample. However, this method has limitations, particularly when the operator lacks proficiency in reading
the hematocrit level especially in individuals with visual impairments. Moreover, in high-volume testing
scenarios, manual reading and reporting errors may occur. Recognizing these challenges, the researchers
developed a mobile phone application to assist in reading hematocrit values. The study evaluated the
application's accuracy using blood samples adjusted to hematocrit levels in three ranges: 20-25%, 40—45%,
and 60-65%. The coefficient of variation (%CV) for the application readings in these three ranges was found
to be 0.9, 1.3, and 0.8, respectively. The accuracy values were -2.4%, -2.1%, and -2.2%, respectively. A total
of 171 samples were tested and compared using the microhematocrit method, an automated hematology
analyzer, and the mobile application (in both automatic and manual modes). The correlation coefficients for
these comparisons were 0.990, 0.990, 0.974, 0.973, 0.992, and 0.981, indicating a high level of correlation.
The intraclass correlation coefficients (ICC) further confirmed high consistency, with values of 0.995, 0.995,
0.987, 0.986, 0.996, and 0.990 (P < 0.001). Additionally, the application was capable of measuring hematocrit
in turbid samples and those with red cell hemolysis up to grade 4+. User satisfaction among those who tested
the application was rated as good (mean score of 4.43 £ 0.64). In conclusion, this mobile application can serve
as an effective alternative to standard microhematocrit methods and automated hematology analyzers,

particularly in settings with limited laboratory equipment.

Keywords : Hematocrit, Application, Packed red blood cell volume
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Het (%) = MCV (fL) x RBC (x10%/L1L)
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Abstract

Allergic rhinitis remains a chronic health problem. Despite the availability of effective treatments,
there is a growing trend among patients to focus on easily accessible and safe herbal products. This pilot
study aimed to develop and compare the formulation and physical characteristics of the herbal steam
inhalation recipe in tablet and powder forms, and to evaluate the satisfaction among volunteers. Two herbal
recipe formulations, each consisting of four sub-formulations with varying ratios of herbal powder and binder
(Polyvinylpyrrolidone-K90: PVP-K90), were prepared. Stability was assessed through visual inspection, weight
variation, and disintegration time. Among the tested formulations, herbal steam inhalation recipe 1 (formula 4:
75% (w/w) of herbal powder, 25% (w/w) of an 8% (w/w) PVP-K90 solution) and herbal steam inhalation
recipe 2 (formula 2: 55% (w/w) of herbal powder, 45% (w/w) of an 8% (w/w) PVP-K90 solution) demonstrated
optimal tablet formation, showing compact structures without cracks or moisture. Both formulations met
pharmacopeial standards for disintegration time and tested positive for flavonoids and alkaloids. Satisfaction
was evaluated in 30 volunteers using the Wilcoxon Signed Ranks Test at a significance level of p-value <
0.05. Results indicated that herbal steam inhalation recipe 1 (formula 4) in tablet form was rated significantly
higher than its powder counterpart in terms of usability and convenience. Similarly, herbal steam inhalation
recipe 2 (formula 2) in tablet form achieved significantly higher scores for usability, convenience, and overall
satisfaction compared with the powder form. In conclusion, the study demonstrates that tableted herbal steam
inhalation recipe formulations provide superior physical stability and greater user acceptance than powdered
preparations, supporting the potential for developing the formulation into tablet dosage forms that are of high

quality, convenient for healthcare facility and daily use.

Keywords: Powder, Tablet, Herbal formulation, Herbal steam inhalation
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Sieneiaosasfiveuliidoaunldnndiadinnindesidinwinannin 324 Sadnsudaslifiuiesss 5
Lfiaﬁﬂmmmnmﬁ'mﬁfmﬁ@mqaqmm:@‘ﬁqmﬁUuﬁ'mhmﬁﬁﬁmﬁfmﬁ@m Imdusesaz 1.30 uay 1.52
NI Lm:Lﬁaﬁﬂmmmﬂ“ﬁwmﬁmﬁfﬂLﬁ’@mﬁajummnaauLL@iam%a:ﬁadﬁm{mﬁfﬂagluﬁm 4.39-4.85
a5y wuirlifidasnlendimsinifudndosuwandassiininidan ﬁﬂ%ﬂﬂwgwaqﬂwﬁ 2 gm‘ﬁ' 2
fatadsinnindas ity 3.44:0.16 n3u SnTuNTITsRaTouasisanliidouuldanduads
iminuaenidinnsnunnnin 324 daansudasliifiuiesas 5 Lﬁaﬁwmmmﬂmﬁmﬁfmﬁ@mg@qma:@iﬁqﬂ
WAounusadssinvinden ddudouas 2.91 uas 15.99 Mudey wazdaswmengsainmsnidasd
ﬁiummwaauLL@ia:mﬁzaa:@Taaﬁﬁmﬁnagjlmi’m 3.27-3.61 n3u wuindl 1.1da (2.89 n3u) AfiniinLAne

WJeausnannanadeinninidas (@13199 3)
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M13197 3 Namimaaumwuﬂiﬂﬂwaaﬁ'@um@h%‘umqmguvlwsﬁ 1 g@]iﬁ 4 LLNZ@?’]?‘]JEI’]Q&JNQ%VLVWﬁ 2

gaf 2 Iugﬂ WUULA®

o 1 g‘ % 1 3’ Y [~ 1 q [l {
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' @ 3 & v &
TR quas  WiaEgean eloe b WImAnNa  819351% (SD)
® o 'Y '
(137) (NTN) (n3w) g1 (NTN)
dnTumguayulng 20 468 455 4.62 0.03
o @ A A
dTuN 1 gasn 4
dnTumguayulng 20 3.54 2.89 3.44 0.16

@uN 2 gm'ﬁ 2

nalunIuanaa (Disintegration Time) maw‘h%‘umqmguvlw*;ﬁ 1 gm‘ﬁ 4 suupudaldiaanlums
LANGANINNA 3 wf 12 Jundi LLa:@iﬁumqmguVMiﬁ 2 qmﬁ 2 g‘ﬂLmuLﬁﬂ‘lﬁﬁnmlumnmnﬁwg\mm
22 w1ft 53 5undt mamasdnsuldiianlumsuandalaifin 30 wift m;ﬂvlﬁ'jw‘h%’umqumgluvlwm&a 2 f13U WB
mInagauswIM lHNITUANE? (151971 4)
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Wasudndinaiaseudndindes veiledin @‘h%’umqumguvlwsﬁ 2 gmﬁl 2 8198813N§W Flavone uaz
Flavonol MIn@#aUaINguLaanIaaud (Alkaloids) maw‘iﬁ'umqumaluvlwaﬁ 1 gm'ﬁ' 4 unzdIuEguaNwlng
72 qm‘ﬁl 2 @18 Dragendorff's reagent, Mayer's reagent L&z Sonnenschein's reagent WHalduuIn (WUNNS
ANAZNOW) §IUNIINAFBLAY Wagner's reagent lﬁwaLﬂumﬂmwn:sl,w‘h%'umqua&qluvlm‘ﬁ' 1 gm‘ﬁ 4 uaz

Iﬁwmﬂuau’lm‘iﬁumqua&guvlwiﬁ 2 g931 2 (AN3197 4)
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naaafisnaladamsilzssusgaaawlng
nnmiensiteyannaiiswelaludsuoguayulnei 1 gasi 4 uazdrsueguayulned 2
gmﬁl 2 luanaanas 30 au laglawiid Wilcoxon Signed Ranks Test Wuin Lﬁam%ﬂmﬁﬂm:%ﬁagﬂmeﬁﬂ
(R HIBTTAN azunuszauanuiwelaluduaznauvewissasdniu lidanuuandiagnsfidoimdymosia
1wumzﬁmmaﬁmuamﬂ'smﬁdwala@iagﬂuuuwﬁmﬂ”msﬁﬁﬁmwuﬂ"ﬁmaagﬂuuun,ﬁ@gaﬂ'j’]gﬂl,l,uumaahoﬁ
KudaTynIaHaniszau 0.007 waz 0.002 lu@‘iw%'uswqwauquvlwsﬁ 1 fﬂ@li‘ﬁl 4 LLM@TW%’UUW@&&J%"[WS?]I 2 gmﬁ 2
AN LLazmwﬁawa‘lwiammazmﬂlumﬂ"ﬁmwadgﬂuuuLﬁ(ﬂgandwgﬂLmumaf;mﬁﬁfﬂéwﬁ%ylmmﬁﬁﬁ
326U 0.001 lunagasdsy sz@”ummﬁawaTaI@m’m*’uaa@‘i"]%'um&;mm;luvlwﬁ 1 gmﬁl 4 upuida
vlaimm@i’mmngﬂuuumaﬂ'ﬂdﬁﬁfﬂﬁﬁﬂ”tymmﬁﬁ LL@i@‘iﬁ'ﬁquwaguvlwsﬁ 2 gm'ﬁ' 2 plunuidatianuuandis
ﬁnng‘ﬂLL&U‘Umasmﬁﬁfﬂﬁm”rgmmﬁaﬁsm“u 0.011 %‘Lﬁl,ﬁuﬁwgmmuLﬁ@"l,@T%'uﬂ:LLuumwﬁawa‘l,ﬁ]qdﬂiﬂ

gﬂLLuumiumwmu ("13197 5)

M1319% 5 Namiﬂmﬁummﬁawaiwaw‘h%‘umqua&;u"twﬂummaﬁ’m (N=30)

19N SUAAITULN e [GGIEK gﬂunmﬁﬂ P
Usziain Tmin/max mean#SD min/max mean%SD
& 3 1 gasnl 4 1/5 3.90+1.029 1/5 3.03+1.048  0.948
ffufl 2 gan 2 2/5 4.07+0.907 2/5 4.03:0.890  0.831
nAw 5 1 gasfl 4 2/5 4.23+0.774 2/5 413+1.008  0.723
ffuil 2 gasn 2 2/5 3.77+1.040 2/5 3.87+1.106  0.514
anusle 5 1 gasfl 4 1/5 3.80+1.157 2/5 450+0.861 0.007*
§3uTl 2 gash 2 1/5 3.87+1.224 3/5 4.63+0.669 0.002*
AMAFZAIN 3 1 gasfl 4 2/5 3.83£1.117 2/5 4.53:0.776  0.001*
Tumsls fFufl 2 gasn 2 2/5 3.871.074 3/5 4.63:0.669  0.001*
anunIwala FSUN 1 gmﬁ 4 2/5 4.10£0.923 3/5 4.47+0.730 0.085
Tag52u fFufl 2 gasn 2 2/5 3.93+1.015 3/5 44740730  0.011*
‘VIN'\EIL‘VIGJ:
* anuuanansniisdmn1eahia (dn pvalue < 0.05) lasuSoufisuudazenssznisgluounsuszgUuunide
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Wi fiad auasUszausIINTIA (natural binder) ¥ lwlE PVP-K90 luﬂ‘%mmﬁaﬂﬁﬂ'\ammmﬁugﬂﬁﬁ Tuvue
ﬁmw‘h%’u‘qumaluvlmﬁé'ﬂwmuﬂumLLﬁdMﬂ dndudasld PVP-K90 Glué'ﬂdaugd“fmﬁ'aLﬁmmﬁmmmaz
anaudausivande Giaansaannuiss ﬁﬁmﬂﬁﬁ'@umayuvlwnﬁﬂau (herbal lozenges) Iawinmaiianls
ms"ﬁm"‘fugﬂ (excipients) LLazé'@ﬁhumﬁﬁ@Lmzﬁmmzamzmmmmwa@iaqmmmﬁ@ £ [22] wanNIs s
wmﬂmmm%wLﬁﬂuﬁ'umiﬁnmﬁl‘fmsﬁaUﬁugﬂluwﬁmﬁwﬁéuﬂ Augaalwifiuin PVP-K0 iussfiaimsz
ﬁﬁﬂi:ﬁﬂﬁmwgd lﬁqmauﬁamiﬁmﬁﬂﬁaﬁnam wszdenuassrvadadniamsionesiaan i uils
wiasinana anane [11,23.24] 1198 PVP-K90 Lﬂuwaawa%ﬁvl,&iizmml,azvl,&immmLﬂﬁﬂmﬂuvlamslﬁqmmgﬁ
VBINIFUEN (42-45°C) LLazmsﬂizsqmmﬁlﬂmmﬁﬁ'ﬂﬁaQmﬂlﬁmimuquqnmgﬁ I2HZLIAT WAZNIILANTZS
a7 liNIlszasnadelnate ﬁomﬂ'jﬁﬂﬁvl@ﬁ'uvﬁwginmﬂmuizuumdlﬁumﬂa mﬁ]ﬁﬁfyﬁ"]ﬁ%y,@ﬁwmﬂ
adhalsfiann udih PVP-K90 iusnstrafiddsziamsllunfasmaimemaunnduazingonsmwagion o
LLazﬁﬁmmmm'su‘*ﬁa;&aﬁﬁﬂmﬁuammmﬂaa@ﬁ'ﬂuuguﬁ wdgmanonumIdnsmaltlugduouns
qum‘ﬁ'l,ﬁmwa 909689320 A 921N TLATBNEIRZANY PVP-K90 lugﬂLmumiwﬁmﬂﬁamiﬁ’]vlﬂl'*ﬁl,t,uuﬁuSJ
[11,25,26] NMINageuaNNAIAITaIdTueguayuing daznaudis mnaseulasamagdinanys (Visual
Inspection) wun lifidriueguayulnadalagisafowis waninnladiasmayulng uszynidadinGey
ﬁdﬁa’jm’mmiﬂ@aaum&lLﬂmﬁﬁm@ligﬁumé’w@‘h%‘ua’ma (International Pharmacopoeia) [15,27] NaA14
wUsU5auaa9inein (Weight Variation) Immiqmmnmlﬁmﬁ%m 20 1@ @h%’umqua&gu‘lmﬁ 1 gmﬁl 4
HUINN AN IMNFTETURNIFLNTN (The United States Pharmacopeia) [28,29] Wasaniwiniads
maa@‘iﬁuayj’luﬁ’mﬁﬁwm (4.39-4.85 N3W) LLa:‘qﬂLﬁ@ﬁﬁmﬁfﬂagluﬁ'zm%ﬁmL‘uuﬁ”aﬂa: 5 (+5%) VBN
1y ugasliinisnnusdnanaasSinmenluudazide

aginalsfiana @‘h%’umqumaluvlwsﬁ 2 gm‘ﬁ' 2 syliirnuauinasiinaszu Wasnwuidas 1 e
fihmsinifunineudsouniesss 5 (‘Li'mﬁfmf'faaayflu"ﬁw 3.27-3.61 n3u) uaztasinanSiminiAndimue
Tanninsesas 15 ﬂd%ﬁaﬂtyméﬁummvlsjaﬁﬂmumladi{mﬁfmﬁ@mmnmzmum’mﬁ@ Hyan9danado
ﬂ'%mmmﬁém”nﬁﬁﬁ%'ﬂmﬁ@ £7449 (Dose Uniformity) wazdndudasdinmydiudyanszuiunsaidasives
gmé’dﬂﬁhuﬁaslﬁ’lﬁw’lmgm [15,29] MINARAUNIILANGQ (Disintegration Time) wuiwﬁw%‘umquaquﬂwsﬁd
2 MIURIUNINAFOLAINNIATTIRNWNLN TNV BIENTAVBINFTATURWIFOLNTNN [15,28] WaRasanan
HaNINagaUgMANLaMINMenw ldun nIamaseudiaal ANILUTUTI NV IR LA IR UANEA
RINNTORET BN IANANIZFNVINTZUIRAT LT PVP-K90 mug}'ﬁ'umsauaw‘s”auﬁqmﬂgﬁ 60+2 8971
LAl Lﬁalﬁwammgﬂ%am'cnLﬂuLmeamsﬂ’%’uﬂgaﬁwm@iaLﬁaoLﬁasl%wlﬁm:mumma@ﬁﬁﬁq@ [23,24]

IuﬂﬁmaauminIauayﬁmm‘h%’umqumaluvlm‘ﬁ' 1 gmﬁ 4 lenaiduuin uaasindrsuengiaed
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ﬁmimjquI’maﬂﬁLLa:miﬂuaaﬂ (Phenolic) uaztznaufidansnadiuaa (Polyphenol) Gsaangnienu
MIONIFLULAZORIADETZ [30,31]

mmzﬁ@h%’umqwaqﬂwsﬁ 2 gmﬁ 2 lenaiduuanitun LLamﬁan'ﬁmag;maamsmg'u Flavone a2
Flavonol \3% %#2%as Wu quercetin, kaempferol, rutin, fisetin ﬁaaﬂqwﬁfﬁmmsé'ﬂLamm:awafa‘mz [32]
luazlas wu quercetin, apigenin, luteolin ﬁgﬂﬁ%ua%aﬁmwazmﬂﬂ'm%ms%é"aﬁamﬁu [33,34,35,36] 9
uaadliiAnINdITY mqua&gﬂwsﬁmum:mumsﬂfugﬂLﬂuLﬁ@I@ plemsbaimzanunsinmni Juwalduia
@iamiﬁﬂﬂﬂi:qﬂm"ﬁﬁdLL@:@):"L;\]dawamz‘wummiaaﬂrﬂi:ﬂaué’(m”tyﬁ“ﬁaﬂa@mmsﬁﬁm%\aﬁ'ﬂsﬂagn
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mnmimaauqmauﬂ'@“ﬂaamingiuLLaamaasﬁﬁaﬂaﬁsﬂﬂaaumm‘sgm l¢ur Dragendorff's reagent,
Mayer’s reagent W8s Sonnenschein’s reagent W13 @‘h%’um&;mm;uvlwﬁ 1 gm'ﬁ' 4 LLaze‘iﬁ'wwqumg‘uvlmﬁ
2 gmﬁl 2 Wnauanmilannu LLam'jmzaaam"ﬁ'uﬁmiﬂimg"uaamiﬂszﬂauﬁ'ayﬂuﬂﬁjwLLaamaaﬂﬁamd
Fatan asanasnasaunsmuziiadnnuhaassuasasssdlasrialy LLazawmanﬁuJuﬂﬁﬁaQ’mao
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[37] ‘wum‘sﬁﬂmmmﬁ'@ﬁﬁm‘suaamaaﬂ@i‘ﬁnﬂlummwaaﬂqw%%ﬂmmm:ﬁmmié'maulué}'mfmaaa [38]
LL@:Q%%%%@Waﬁmzﬁwuvlﬂyluﬁman [39]
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lasunInniAveanaIaussnuzgd (High-Performance Liquid Chromatography; HPLC) w38 lasanlnnand
madmmmugjLLmaLﬂﬂImLuﬂ%LLuuLmuﬂ”u (Liquid Chromatography—Tandem Mass Spectrometry; LC-MS/MS)
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Abstract

Pharmaceutical cocrystals are a type of solid-state modification for medicinal compounds, primarily
used to improve solubility. Cocrystal engineering is an alternative technique for enhancing the solubility,
dissolution, and bioavailability of drugs. Pharmaceutical cocrystals consist of multiple molecules bound together
by non-covalent interaction such as hydrogen bonding, van der Waals forces, and TT-TT stacking. Traditionally,
cocrystals have been developed through solvent evaporation, grinding, or slurry techniques, each with its own
environmental limitations. The current trend in cocrystal manufacture uses more advanced and environmentally
friendly methods that utilize high technology. This review provides a brief overview of each procedure for
generating cocrystals in pharmaceutical area based on sustainability, energy efficiency, and environmental

impact.

Keywords : Cocrystals, Approaches, Traditional, Advanced, Green

Introduction

Solid-state modifications are fundamental to improving chemical and physical properties of drug
substances without altering their chemical identity or pharmacological activity. This allows pharmaceutical
scientists to fine-tune the solubility, stability, and bioavailability of a drug, which are key factors in its therapeutic
efficacy and patient compliance. The traditional solid forms, like polymorphs, salts, and solvates, have long
been used to optimize drug properties. Therefore, cocrystals have attracted significant attention in
pharmaceutical research and development due to their ability to modify the solid-state physicochemical

properties of API (Active Pharmaceutical Ingredient) without altering their pharmacological activity [1].
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Figure 1. Different Solid Forms of Active Pharmaceutical Ingredients [2].

Cocrystal or co-crystallization, is recognised as a promising strategy in pharmaceutical development
to increase the solubility and bioavailability of poorly soluble compounds. Cocrystals defined as solid crystalline
substances formed by two or more combination different molecules, typically an APl and a co-former. Cocrystal
involves forming a solid, crystalline structure where the API interacts with one or more co-formers, typically
non-toxic, small molecules. The presence of co-former molecules within the API's crystal lattice can lead to a
number of advantages in the development of drug formulations. The formation of co-formers with API involves
non-covalent interactions such as hydrogen bonding, van der Waals forces, and 7T-T stacking, which contribute
to their unique structural characteristics and properties. The ability of coformers to modulate the
physicochemical characteristics of an APl makes them increasingly valuable in pharmaceutical science.
Cocrystal is the potential approach to improve solubility, stability, and bioavailability, which are key factors in
the development of effective and patient-friendly drug formulations. This is especially important for APIs that

exhibit poor solubility or stability, which are common challenges in drug development [3,4].

Cocrystallization . .

Drug Coformer
(API) (CCF)

Cocrystal
(Modulated property)

Figure 2. Formation of Cocrystal [5]
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Despite this, it is remarkable that cocrystal preparation methods were essentially unknown until
recently. Limited study has been dedicated explicitly at cocrystal preparation, and the majority of extant articles
provide little detail on this topic. The first cocrystal-related research efforts focused on elucidating the crystal
structure of cocrystals and bonding mechanisms, which necessitated high-quality single crystals from cocrystal
samples. This was typically accomplished by trial and error methods based on solvent evaporation method
only, which occasionally resulted in cocrystals [6].

Over the past decade, significant progress has been made in the development of cocrystal preparation
methods. Today, a variety of approaches are available for synthesizing cocrystals, each with its own advantages
depending on the specific APl and coformer being used, as well as the desired properties of the final product.
These methods offer increased reproducibility, scalability, and efficiency, making cocrystals a viable option for
industrial-scale pharmaceutical production. But, the inconsistencies in the application of cocrystal preparation
methods and the lack of standardized terminology create significant challenges for the field, particularly in terms
of reproducibility, comparability, and accessibility for newcomers. However, as the field matures, there is a
growing recognition of the need for standardized protocols and clearer reporting guidelines. By improving
methodological consistency, terminological clarity, and best practice sharing, the cocrystal community can make
the process more reliable and easier for both researchers and formulators to navigate, ultimately accelerating
the development and application of cocrystals in pharmaceutical science [6].

As pharmaceutical science research increasingly emphasizes sustainability, green methods for
cocrystal synthesis present a promising pathway for producing high-quality cocrystals with minimal
environmental impact through the techniques offer a more sustainable approach to improving the solubility,
bioavailability, and stability of pharmaceutical compounds. As the methods become more refined, they may
become the industry standard for cocrystal development, particularly in light of growing environmental concerns.
Green principles emphasize sustainability, energy efficiency, and minimizing the environmental impact of
chemical processes. When it comes to the synthesis of cocrystals in pharmaceutical development, green
methods aim to reduce or eliminate the use of hazardous solvents, minimize energy consumption, and utilize
environmentally friendly reagents and techniques [7].

The objective of a review article on cocrystal preparation methods and applications would be to provide
a comprehensive and organized summary of the current state of knowledge in this area. The review would aim
to systematically present all the methodologies and developments from traditional methods to advanced and
green methods related to cocrystals, with the goal of making it easier for researchers to navigate this evolving

field.

Materials and Methods

This article review was written based on a literature study from electronic databases such as Pubmed,
ScienceDirect, and Google Scholar, which provide information related to the topic in either Indonesian or English
using one keyword or a combination, e.g., cocrystal, cocrystallization, green, methods, methodologies,

techniques, and approaches. The source article is an article published in 2020-2025.



114 | Vol. 18 No. 3, September — December, 2025 Health Science, Science and Technology Reviews

Results

The solid-state synthesis of pharmaceutical cocrystals has attracted significant interest recently due to
its promising benefits over traditional solution-based crystallization methods. Several techniques have been
developed to create the solid-state formation of pharmaceutical cocrystals with its own advantages and
challenges. The selection of the appropriate cocrystallization technique is critical point for ensuring the cocrystal
exhibits the desired properties, and its final performance in pharmaceutical applications.

Cocrystal methods are broadly divided into two types, The first is determined by the driving force
(thermodynamic or kinetic, i.e., grinding, spray-drying, slurry sonication, and) and solvent (solvent-based and
solvent-free method) [8]. On the other hand, below we discuss the traditional and the most recent advanced
developments in solid-state cocrystal synthesis and evaluate the advantages and disadvantages of each

approach with minimal environmental impact.

Traditional Methods of Cocrystal
1. Solvent Evaporation

Solvent evaporation is widely used laboratory scale technique that does not require complicated tools
for preparation and produces cocrystals with high quality and minimal impurity. In this method, drug and
coformer in a stoichiometric ratio are dissolved in a certain solvent and stirred in a suitable solvent to facilitate
molecular interactions between the drug and the coformer in solution. The solvent is then evaporate to form
cocrystals. The main condition that must be considered is that both drug and coformer must have sufficient
solubility in chosen solvent to ensure they are present in solution and can interact because the solubility of the
drug and coformer to the selected solvent plays an important role in cocrystal formation [9,10]. If the solubility
of the two materials is not the same, the material with the lower solubility will precipitate. To form cocrystals,
molecules must have the ability to interact between molecules [11].

The preparation of cocrystals by this method involves three process steps: supersaturation, nucleation,
and crystal growth, where the supersaturation step is supersaturation, in particular, plays a crucial role in
controlling the nucleation and crystal growth steps. Once the solution reaches supersaturation, this leads to the
formation of a solid state faster or slower depending on the crystallization conditions. The advantage of this
method is that cocrystals made through this process are thermodynamically preferred. The disadvantages of
this method are that it requires heating, is recommended only for thermostable compounds, requires a lot of

solvents, and has a low success rate of cocrystal growth to make large-scale cocrystals [12].

2. Slurry Method

The slurry method, a simple process, involves adding a small amount of solvent to the drug-coformer
mixture, and later a muddy/suspension will be formed and then stirred until the cocrystallization process is
complete, the solvent is then evaporated at room temperature to obtain cocrystals. The solvent must provide
adequate solubility for both the APl and the coformer, ensuring that they can reach the right level of
supersaturation without precipitating prematurely [13]. Slurry techniques have become a popular and effective
approach for cocrystallization in pharmaceutical applications, due to their simplicity, versatility, and ability to
yield high-purity and thermodynamically stable products. The technique is also scalable, making it suitable for

both laboratory-scale screening and industrial-scale production [14].
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Slurrying accordingly performed better than mechanochemistry, which produces small amounts of
unreacted coformer(s) as byproducts, and solution crystallisation, which frequently yields crystals of the least
soluble coformer due to the difficulty of controlling the saturation of three or more solids. Perhaps the most
interesting and surprising finding from previous research was that water slurrying was extremely effective, even
for low-solubility coformers. water slurry has been successfully used as a method of forming 21 of the 25

cocrystals examined [14].

3. Grinding or Mechanochemical Method

Mechanochemical method, or grinding (both neat and liwuid-assisted grinding) are often more efficient
for cocrystal formation compared to solvent evaporation metods [15]. In neat or dry grinding method, the drug
and coformer are mixed and crushed using a mortar and pestle or with a mill such as a ball mill or vibrator
mill. The grinding duration ranges from 30 to 60 minutes. With this method, there may be a possibility of failure
in the formation of cocrystals due to the inability to form crystal structures with poor grinding. The stability of
the material can be affected by the heat generated during the grinding process [9].

Liquid Assisted Grinding (LAG), or solvent-drop grinding, is another solvent method. In addition to
providing a faster rate of cocrystal formation than dry grinding, this method is also more reliable and suitable.
LAG is an extension of the traditional solvent-free mechanochemical techniques, with the key distinction being
the introduction of a small amount of liquid to enhance or control the reactivity during the grinding process. By
adding a tiny volume of liquid, LAG effectively modifies the mechanical environment to improve the efficiency
an selectivity of the cocrystallization process, especially for systems that might be difficult to work with under
neat grinding conditions. This method is known to be an environmentally friendly method for industrial production
because of the less amount of solvent used. This process is also temperature independent, and more
importantly, it reduces the possibility of unwanted solvate formation. This method can also be an alternative for
compounds with very high melting points, such as theobromine (>400°C). However, the disadvantage is that if
the addition of the solvent used is not appropriate, the cocrystal will not form but only produce a solution
[16,17]. Table 1 shows a list of cocrystals that were successfully created utilising the solvent evaporation, slurry,

and grinding methods.
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Table 1. Examples of Cocrystal Manufacturing Using Traditional Approaches.

Results

Cocrystals have been successfully prepared but
the dissolution profile was increased seen only for
efavirenz with DL-alanine and oxalic acid as
coformer, whereas maleic acid and nicotinamide as
coformer with efavirenz had a lower dissolution rate

than pure efavirenz.

The results showed that the ketoprofen-urea-NaCl
cocrystal solid had a higher dissolution and
solubility rate than the ketoprofen-urea and

ketoprofen cocrystal solids.

The cocrystal was successfully formed with Dry
grinding, ball milling, and hot-melt extrusion method.
The results showed these method increased the
dissolution rate of the ciprofloxacin-isonicotinic acid

cocrystal compared to pure ciprofloxacin.

Cocrystal of lamotrigine with L-Proline using liquid
assisted grinding method was employed to improve the
percentage dissolution efficiency of lamotrigine. The
1:4 molar ratio of malotrigine to L-proline showed
significantly higer dissolution rate (dissolusion efficiency
= 80.57%) compare to lamotrigine alone. Tablets
formulated with this 1:4 molar ratio exhibited faster
disintegration time and rapid dissolution rate compared

to control tablets (containing pure lamotrigine)

The cocrystal showed good results with high solubility
(6.3 times), dissolution rate (1.5 times), and relative

bioavailability (1.8 times) than pure glinclazide.

Drug Co-former Method
Efavirenz DL-alanine, oxalic Solvent
[18] acid, maleic  acid, evaporation
and nicotinamide
Ketoprofen Urea Solvent
[19] evaporation
Cipfloxacin Isonicotinic acid Grinding
[6] method
Lamotrigine L-proline Grinding
[20] method
Gliclazide 3,5- Dinitrosalicylic  Grinding
[21] acid method
Cefixime Nicotinamide Grinding
[22] method

Cocrystal of cefixime-nicotinamide have been
successfully prepared using liquid assisted and dry
grinding (LAG and DG) method based DSC
(Differential Scanning Calorimetry), FTIR (Fourier
Transform Infrared), SEM (Scanning Electron
Microscope) and XRD (X-Ray Diffraction)
characterization. Both method can increase the
solubility, dissolution and permeability of cocrystal
than cefixime. But LAG method showed higher

result than DG method.
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Advanced Methods
1. High Shear Granulation

High-shear granulation has emerged as a viable and effective synthetic method for producing co-
crystal granules in pharmaceutical industry. This process agglomerates tiny particles using a granulation liquid.
The primary objectives are to enhance flowability, improve uniformity in drug distribution, prevent segregation,
and reduce the amount of dust release. The method is separated into three parts. The material are combined
first, and then the granulation liquid is added. The moist material is next wet-massed, and finally dried. Process-
induced solid-state changes can occur at any phase and can be investigated using XRPD, near infrared, and
spectroscopy. These process-induced changes can be caused by water exposure, heat stress, or mechanical
stress. They are usually undesirable since they are difficult to manage and can change the physicochemical

properties of the API [23,24].

2. Spray drying

Spray drying is a single-step, continuously scalable technique. Using spray dryer equipment, this
technique converts liquids such as solution and suspension into solid powder. Spray drying is often employed
to make amorphous solid dispersions. however, it can also result in the synthesis of crystalline materials.This
technique has been demonstrated to be a practical and scalable method for producing pure cocrystals from
both congruent and incongruently saturated fluids.

In the spray drying approach, both the active pharmaceutical ingredient and the coformer are dissolved
in a solvent and sprayed at a specific atomisation pressure using a continual vacuum application .The spray
dried product is recovered using a cyclone collector and kept at ambient temperature. However, spray drying
involves expensive equipment that must be well-maintained in order to function properly, as well as a skilled
operator. The process is utilised for creating amorphous solids. It can be challenging to create crystalline

phases from cocrystal components [25].

3. Microwave assisted synthesis

The microwave-assisted cocrystal process is clean, inexpensive, quick, and scalable. This can result
in improved yields by using a shorter reaction time compared to the traditional heating process. The use of a
microwave as a heating source accelerates the development of cocrystals when compared to conventional
heating. Cocrystal components and solvents are placed in a microwave radiation reactor at appropriate
temperatures and pressure for a set duration to create the required cocrystal product. In microwave assisted
synthesis, drug substance (API) and coformer are mixed in equimolar ratios and microwave-irradiated in a
microwave reactor, with or without solvent. The goal time and temperature are set by the microwave heating
profiles of the drug and coformer, which are kept constant during the experiment [26]

Dipali Ahuja et al. used microwave-aided cocrystal to create sulfamethazine cocrystals. This study
reveals that using a microwave as a heating source speeds up the creation of cocrystals as compared to the
regular heating process. The study shows that microwave-assisted co-crystallization has the ability to increase
production capacity from 0.2 to 20 g while maintaining product quality. These advantages can be used in

companies to speed up formulation and produce high-quality products [27].
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4. Ultrasound assisted solution cocrystallization

Ultrasound-assisted solution crystallization is a technique that utilizes the physical effects of ultrasound
waves to promote the formation of drug cocrystals during the crystallization process. Ultrasound waves generate
air bubbles or microbubbles within the solution. As the ultrasound waves pass through the liquid, they create
alternating high- and low-pressure cycles. The low-pressure cycle causes the formation of bubbles, while the
high-pressure cycle compresses and causes these bubbles to collapse. During the compression phase, the
bubbles violently collapse, releasing a significant amount of energy. This sudden collapse generates localized
high temperatures and pressures at the site of bubble implosion. The release of energy during bubble collapse
raises the temperature and alters the pressure locally within the solution. This sudden change can promote the
nucleation process—the formation of tiny solid particles or "nuclei"—which are the starting points for crystal
growth. In the case of cocrystal, the energy from the collapsing bubbles induces interactions between the API

and a co-former molecule, leading to the formation of cocrystals (26).

5. Supercritical fluid (SCF) technology

This approach combines several advanced concepts in crystallization. The API and the co-former
(usually another drug or excipient) are carefully mixed together. This can be done by magnetic stirring in a
suitable solvent, ensuring that both the APl and the coformer are dissolved or sufficiently mixed in the solution.
The solution containing the API and co-former is then placed in a high-pressure vessel. Supercritical CO, is
introduced into the vessel. CO5 becomes supercritical when it is at high pressure and temperature, above its
critical point. Pressurized supercritical CO, acts as an anti-solvent, which induces the prepitation of cocrystals.
The primary advantages of adopting SCF technology for cocrystallization are: high purity of cocrystals, one-
step procedure, crystalline polymorphism control, processing of termolabile molecules, reduced usage of
organic solvents, and environmentally acceptable technology [28]. Table 2 shows a list of cocrystals that were

successfully created by the advanced approches.

Table 2. Examples Of Cocrystal Manufacturing Using Advanced Approaches.

Drug Co-former Method Results
Cilostazol Hydroxybenzoic Spray Drying The results showed that spray drying
[29] Acid enhanced the dissolution of Cilostazol-

Hydroxybenzoic Acid cocrystals. This
indicates that water-insoluble drug cocrystals

can be prepared by spray drying method.

Salicylic Acid Caffeine Spray Drying Cocrystals of salicylic acid and caffeine
[30] have been prepared via a series of spray
drying methods (two fluid and three fluid).
Salicylic Acid- Caffeine was successfully
prepared regardless of solvent proportions,
feedstock concentration or nozzle type
although all spray drying methods showed

the difference of characteristic of cocrystal.
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Method

Results

Spray Drying

Forming a cocrystal with L-proline, a
naturally occurring amino acid, is a well
established technique to modify the
physicochemical properties of drug. There
is an increase in the physical stability of
Diclofenac acid cocrystal with L-proline as
coformer in crystalline solid dispersions
due to efficient mixing of the polymer and
cocrystals at the molecular level mixing
achieved by spray drying within an in situ

gelling of polymer matrix.

Microwave-
assisted

Synthesized

In this study, acyclovir-tartaric acid
cocrystals were successfully prepared using
the help of a microwave — assisted solvent
evaporation method. The solubility of
acyclovir is greatly increased when tartaric

acid is used as a coformant of acyclovir.

Ultrasound

assisted cocrystal

The dissolution profile of telmisartan-oxalic
acid cocrystals can improve the dissolution
rate of Telmisartan. Then also telmisartan-
oxalic acid co-crystals prepared by
ultrasound-assisted cocrystal method has
improved the mechanical properties of

telmisartan tablets.

Ultrasound
assisted solution

cocrystal

Norfloxacin-urea cocrystals were
successfully prepared by ultrasound-
assisted slurry  cocrystalmethod. The
formation of norfloxacin-urea cocrystals can

increase the solubility of norfloxacin in water.

Drug Co-former
Diclofenac acid L-proline
[31]

Acyclovir Tartaric Acid
[32]

Telmisartan Oxalic Acid
[33]

Norfloxacin Urea

[34]

Dexibuprofen Caffeine
[35]

Ultrasound
assisted solution

cocrystal

Improvement of the mechanical properties
of dexibuprofen has been successful by
ultrasound assisted solution cocrystain
method using chloroform solvent. The
dexibuprofen - caffeine cocrystals showed
better mechanical properties, such as
flowability (compressibility index) and
tabletability (tensile strength and elastic

recovery) than dexibuprofen..
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Results

Indomethacin

(36]

Saccharin

High-shear wet

granulation

Indomethacin are produced to cocrystal

components with saccharin as coformer

using ethanol as granulation fluid and
polyethylene oxide as granulation agent.
Coprocessing of reactants with polymers
facilitates the formation of cocrystal
granules in high yields (>96% w/w) even
though the reactants are only slightly

soluble in the granulation fluid.

p-Methoxycinnamic Succinic Acid Microwave The solubility of p-Methoxycinnamic

[37] assisted synthesis  increased solubility in cocrystals with the
(Microwave microwave radiation method by 1.16 times
Irradiation) compared to p-Methoxycinnamic. The
dissolution rate of cocrystals using the
microwave radiation method increased 2.29

times compared to p-Methoxycinnamic.

Green Approach of Pharmaceutical Cocrystal

The primary goal of cocrystal's green approach is to reduce environmental impact by minimizing or
eliminating the usage of organic solvents and greenhouse gases. However, advances in formulation processes
have an indirect influence on the environment because they use electrical energy from a variety of conventional
sources. It is necessary to compare and calculate the final impact of solvent-utilizing procedures and highly
advanced methods. Cocrystals are formed utilizing several unique ways that demand expensive equipment and
much more energy consumption for the final co-crystal product. Improving the existing technology, such as
managing the solvent evaporation process at a specified temperature and pressure, may improve cocrystal
formation without the use of high-end equipment [38].

Mechanochemistry is regarded as an appealing greener traditional approach to the preparation of
cocrystals by using mechanical forces and has become an popular technique across various scientific diciplines
(e.g., physics, chemistry, and material science) because it is an eco-friendly by eliminating or minimizing solvent
use. This minimal solvent can act as a catalyst without the encironmental burden of large solvent volumes
[39,40].

Other green advance approaches, such as spray drying and supercritical fluid technology, can reduce
the negative impact on the environment, but it is expensive and require a large amount of electrical energy to
make cocrystals. These procedures do not use organic solvents or hazardous chemicals, but they are energy
intensive and require a skilled operator to produce cocrystals [38]. Furthermore, it is important to understand
that spray drying has the same limitations as a conventional solvent-based method (process time and costs).
In this context, Supercritical Fluid technologies represents a more sustainable approach due to the use of

"green" solvents. Although it has considerable environmental benefits, such as being non-toxic and non-
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flammable, it is still limited due to the poor solubility of active chemicals in supercritical CO,, as well as the
difficulty of processing feeds with high pressure gases [38].

In the case of SCF methods that use supercritical CO2 as an anti-solvent, additional limitations include
the necessity to use organic solvent(s) to dissolve the medicinal compounds, and said solvent(s) must be
miscible with supercritical CO2, restricting the solvent selection.As a result, it is reasonable to conclude that
there is a lack of scalable technologies that combine the best of particle engineering and 'green chemistry'
sectors to produce cocrystals for pharmaceutical purposes [41].

On the other research, spray congealing, gaining attention as an alternative method for drug
cocrystallization. The process is simple, energy-efficient, and solvent-free, making it a strong candidate for
pharmaceutical approache for cocrystal. This approach involves atomizing the liquid feed into fine droplets
followed by rapid cooling and solidification via co-current cooling gas. The resulting soling particles are then
effectively separated from the gas stream using cyclone before beeing collected. This technique alighns with

green chemistry and sustainable pharmacy by minimizing cost and avoiding solvate formation [41].

Conclusions

Cocrystal is one of the most promising ways for improving the physicochemical properties of APIs. There
are numerous alternatives for preparing cocrystals, ranging from classic to advanced methods that can be
utilised from routine laboratory scale to large-scale continuous manufacturing in the pharmaceutical industry.
All of the technologies presented can be considered for use based on their environmental impact by reducing

or eliminating the use of organic solvents and greenhouse gases.

Acknowledgements

The present research was supported by Hibah Penelitian Dasar, a research grant scheme provided by

Fakultas Kedokteran dan limu Kesehatan, Universitas Jambi, 2024 number 202/UN21.11/PT.01.05/SPK/2024.

References

[1] Jayram P, Sudheer P. Pharmaceutical Co-crystals: A Systematic Review. Int J Pharm Investig.
2020;10:246-52. doi.org/10.5530/1JP1.2020.3.45.

[2] Guo M, Sun X, Chen J, Cai T. Pharmaceutical cocrystals: A review of preparations, physicochemical
properties and applications. Acta Pharm Sin B. 2021;11:2537-64. doi.org/10.1016/J.APSB.2021.03.030.

[3] Rathi R, Kaur S, Singh I. A Review on Co-crystals of Herbal Bioactives for Solubility Enhancement:
Preparation Methods and Characterization Techniques. Cryst Growth Des 2022;22:2023—42.
doi.org/10.1021/ACS.CGD.1C01408/ASSET/IMAGES/MEDIUM/CG1C01408_0009.GIF.

[4] Guo M, Sun X, Chen J, Cai T. Pharmaceutical cocrystals: A review of preparations, physicochemical
properties and applications. Acta Pharm Sin B. 2021;11:2537-64. doi.org/10.1016/J.APSB.2021.03.030.

[5] Mardiyanto, Untari B, Mara A, Ferdiansyah DF. Formation of Hydroxyl-Amide Solid Dispersion Involving
Azithromycin and Chitosan-Alginate Biopolymer to Increase the Dissolution Rate of Azithromycin.

Science and Technology Indonesia. 2023;8:647-53. doi.org/10.26554/ST1.2023.8.4.647-653.



122 | Vol. 18 No. 3, September — December, 2025 Health Science, Science and Technology Reviews

[6]

[7]

(8]

[9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

Jafari MK, Ziaee A, O'Reilly E, Croker D, Walker G. Formation of Ciprofloxacin—Isonicotinic Acid
Cocrystal Using Mechanochemical Synthesis Routes—An Investigation into Critical Process
Parameters. Pharmaceutics. 2022;14:1-19. doi.org/10.3390/pharmaceutics14030634.

Chettri A, Subba A, Singh GP, Bag PP. Pharmaceutical co-crystals: A green way to enhance drug
stability and solubility for improved therapeutic efficacy. Journal of Pharmacy and Pharmacology.
2024;76:1-12. doi.org/10.1093/JPP/RGAD097.

Pawar N, Saha A, Nandan N, Parambil J V. Solution Cocrystallization: A Scalable Approach for
Cocrystal Production. Crystals. 2021,11(3)303. doi.org/10.3390/CRYST11030303.

Baby P, Shabaraya AR, Bhavyashree T. Pharmaceutical Cocrystals: a Novel Approach for Solubility
Modification. World J Pharm Res. 2021;10:1707—-24. doi.org/10.20959/wjpr20214-20205.

Dutt B, Choudhary M, Budhwar V. Cocrystallization: An Innovative Route toward Better Medication.
Journal of Reports in Pharmaceutical Sciences. 2020;9(2):256—70. doi.org/10.4103/jrptps.JRPTPS_103_19.
Ngilirabanga JB, Samsodien H. Pharmaceutical co-crystal: An alternative strategy for enhanced
physicochemical properties and drug synergy. Nano Select 2021;2(3):512—-26.
doi.org/10.1002/nan0.202000201.

Baby P, Shabaraya AR. Pharmaceutical Cocrystals: A Novel Approach for Solubility Modification.
World J Pharm Res 2021;10(4):1708. doi.org/10.20959/wjpr20214-20205.

Nurismi E, Rosaini H, Octavia dan MD. Review: Effect of Different Methods on the Multicomponents
Crystal Formation from Medicinal Natural Ingredient Compounds. I[JPSM 2021;6(5):32-9.
doi.org/10.47760/IJPSM.2021.V06105.004.

Haskins MM, Zaworotko MJ. Screening and Preparation of Cocrystals: A Comparative Study of
Mechanochemistry vs Slurry Methods. Cryst Growth Des. 2021;21(7):4141-50.
doi.org/10.1021/ACS.CGD.1C00418/ASSET/IMAGES/MEDIUM/CG1C00418_0009.GIF.
Solares-Briones M, Coyote-Dotor G, Paez-Franco JC, Zermefio-Ortega MR, Contreras CM de la O,
Canseco-Gonzalez D, et al. Mechanochemistry: A Green Approach in the Preparation of
Pharmaceutical Cocrystals. Pharmaceutics 2021;13(6):790.
doi.org/10.3390/PHARMACEUTICS13060790.

Go’fdyn MR, Larowska D, Bartoszak-Adamska E. Novel Purine Alkaloid Cocrystals with Trimesic and
Hemimellitic Acids as Coformers: Synthetic Approach and Supramolecular Analysis. Cryst Growth Des.
2021;21(1):396—413. doi.org/10.1021/ACS.CGD.0C01242/SUPPL_FILE/CG0C01242_SI_001.PDF.
Ying P, Yu J, Su W. Liquid-Assisted Grinding Mechanochemistry in the Synthesis of Pharmaceuticals.
Adv Synth Catal. 2021;363(5):1246—71. doi.org/10.1002/adsc.202001245.

Gowda BHJ, Ahmed MG, Shankar SJ, Paul K, Chandan RS, Sanjana A, et al. Preparation and
characterization of efavirenz cocrystals: An endeavor to improve the physicochemical parameters.
Mater Today Proc. 2022;57(2):878-86. doi.org/10.1016/J.MATPR.2022.02.543.

Laily AP, Irawan ED, Wisudyaningsih B, Barikah KZ, Wicaksono Y. Pembentukan kokristal
Ketoprofen-Urea-NaCl untuk Peningkatan Sifat Kelarutan. Journal of Agropharmacy. 2024;1:26-32.



Health Science, Science and Technology Reviews Vol. 18 No. 3, September — December, 2025 | 123

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

Abdelrahman H, Essa E, Maghraby G El, Arafa M. L-Proline as Co-Crystal Forming Amino Acid for
Enhanced Dissolution Rate of Lamotrigine : Development of Oral Dispersible Tablet. Indonesian
Journal of Pharmacy. 2023;34:574—83.

Eesam S, Bhandaru JS, Akkinepally RR, Bobbala RK. Cocrystallization of Gliclazide with Improved
Physicochemical Properties. Futur J Pharm Sci. 2021;7:1-13. doi.org/10.1186/s43094-021-00261-z.
Abdullah A, Mutmainnah, Wikantyasning ER. Cocrystals of Cefixime with Nicotinamide: Improved
Solubility, Dissolution, and Permeability. Indonesian Journal of Pharmacy. 2022;33:394—400.
doi.org/10.22146/ijp.2530.

Dhondale MR, Thakor P, Nambiar AG, Singh M, Agrawal AK, Shastri NR, et al. Co-Crystallization
Approach to Enhance the Stability of Moisture-Sensitive Drugs. Pharmaceutics. 2023;15:189.
doi.org/10.3390/PHARMACEUTICS15010189/S1.

Kumar Bandaru R, Rout SR, Kenguva G, Gorain B, Alhakamy NA, Kesharwani P, et al. Recent
Advances in Pharmaceutical Cocrystals: From Bench to Market. Front Pharmacol. 2021;12:780582.
doi.org/10.3389/FPHAR.2021.780582.

Sakhiya DC, Borkhataria CH. A review on advancement of cocrystallization approach and a brief on
screening, formulation and characterization of the same. Heliyon. 2024;10:e29057.
doi.org/10.1016/j.heliyon.2024.e29057.

Sakhiya DC, Borkhataria CH. A review on advancement of cocrystallization approach and a brief on
screening, formulation and characterization of the same. Heliyon. 2024;10:29057.
doi.org/10.1016/J.HELIYON.2024.E29057.

Ahuja D, Ramisetty KA, Sumanth PK, Crowley CM, Lusi M, Rasmuson AC. Microwave assisted slurry
conversion crystallization for manufacturing of new co-crystals of sulfamethazine and sulfamerazine.
CrystEngComm. 2020;22:1381-94. doi.org/10.1039/C9CE01886G.

MacEachern L, Kermanshahi-Pour A, Mirmehrabi M. Supercritical carbon dioxide for pharmaceutical
co-crystal production. Cryst Growth Des. 2020;20:6226—-44.
doi.org/10.1021/ACS.CGD.0C00571/ASSET/IMAGES/MEDIUM/CGO0C00571_0008.GIF.

Urano M, Kitahara M, Kishi K, Goto E, Tagami T, Fukami T, et al. Physical characteristics of
cilostazol- hydroxybenzoic acid cocrystals prepared using a spray drying method. Crystals. (Basel)
2020;10. doi.org/10.3390/cryst10040313.

Hibbard T, Shankland K, Al-Obaidi H. Evaluation of two and three fluid nozzle spray drying to prepare
co-crystals of salicylic acid and caffeine with improved physicochemical properties. J Drug Deliv Sci
Technol. 2023;89:105073. doi.org/10.1016/j.jddst.2023.105073.

Shao SZ, Stocker MW, Zarrella S, Korter TM, Singh A, Healy AM. In Situ Cocrystallization via Spray
Drying with Polymer as a Strategy to Prevent Cocrystal Dissociation. Mol Pharm. 2023;20:4770-85.
doi.org/10.1021/acs.molpharmaceut.3c00564.

Bandaru RK, Rout SR, Kenguva G, Gorain B, Alhakamy NA, Kesharwani P, et al. Recent Advances
in Pharmaceutical Cocrystals: From Bench to Market. Front Pharmacol. 2021;12:780582.
doi.org/10.3389/FPHAR.2021.780582.



124 | Vol. 18 No. 3, September — December, 2025 Health Science, Science and Technology Reviews

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

Ratih H, Pamudji JS, Alatas F, Soewandhi SN. Improving telmisartan mechanical properties through
the formation of telmisartan and oxalic acid co-crystal by slow evaporation and ultrasound assisted
co-crystallization from solution methods. Songklanakarin Journal of Science and Technology.
2020;42:188-95. doi.org/10.14456/sjst-psu.2020.25.

Alatas F, Stiawan D, Al-Hakim NA. Solubility and Scale-Up Potency of Norfloxacin-Urea Co-Crystal
Prepared by Ultrasound-Assisted Slurry Co-Crystallization Method. Borneo Journal of Pharmacy.
2023;6:158-67. doi.org/10.33084/bjop.v6i2.4173.

Alatas F, Sutarna TH, Fakhrona Salman R, Nurono Soewandhi S. Mechanical Properties
Improvement of Dexibuprofen through Dexibuprofen-Caffeine Co-crystal Formation by Ultrasound
assisted Solution Co-crystallization Method. Indonesian Journal of Pharmaceutical Science and
Technology. 2022;9:45. doi.org/10.24198/ijpst.v1i1.34713.

Tanaka R, Duggirala NK, Hattori Y, Otsuka M, Suryanarayanan R. Formation of Indomethacin-
Saccharin Cocrystals during Wet Granulation: Role of Polymeric Excipients. Mol Pharm.
2020;17:274—-83. doi.org/10.1021/acs.molpharmaceut.9b01004.

Sulistyowaty MI, Setyawan D, Prameswari PPM, Susilo RJK, Amrillah T, Zaini E, et al. A Comparison
Study between Green Synthesis of Microwave Irradiation and Solvent Evaporation Methods in The
Formation of p-Methoxycinnamic Acid-Succinic Acid Cocrystals. Science and Technology Indonesia.
2024;9:629-36. doi.org/10.26554/sti.2024.9.3.629-636.

Sakhiya DC, Borkhataria CH. A review on advancement of cocrystallization approach and a brief on
screening, formulation and characterization of the same. Heliyon. 2024;10:29057.
doi.org/10.1016/j.heliyon.2024.e29057.

Duarte i, Andrade R, Pinto JF, Temtem M. Green production of cocrystals using a new solvent-free
approach by spray congealing. Int J Pharm. 2016;506:68—78.
doi.org/10.1016/J.1IJPHARM.2016.04.010.

Qi L, Li C, Cheng X, Hao H, Xie C. Green Mechanochemical Preparation of Cocrystal Polymorphs:
Significant Effect of Intermediates and Solvents. Cryst Growth Des. 2024;24:6196—203.
doi.org/10.1021/ACS.CGD.4C00340/SUPPL_FILE/CG4C00340_SI_001.PDF.

Duarte i, Andrade R, Pinto JF, Temtem M. Green production of cocrystals using a new solvent-free
approach by spray congealing. Int J Pharm. 2016;506:68—78.
doi.org/10.1016/J.1IJPHARM.2016.04.010.



Health Science, Science and Technology Reviews Vol. 18 No. 3, September — December, 2025 | 125

unaNNUInNeit (Review Article)

nﬂmnwaafwﬂufaanl,l,azmmj?iﬂw,nJaamaaqﬁ%%’%ﬂ%ﬁﬂﬁ‘luﬁﬂé’avlsmuas‘

1 6 o > ;1*
§\1mtyﬁm RININW

Role of probiotics and alteration of the gut microbiota in alzheimer’s disease

Rungkarn Sangkaruk"

* Faculty of Medicine, Western University, Pathum Thani 12150, Thailand

* Correspondence author, E-mail: rungkarn.sa@western.ac.th

Health Science, Science and Technology Reviews. 2025;18(3): 2025;18(3):125-137.
Received: 29 Julyl 2025; Revised: 1 December 2025, Accepted: 24 December 2025

unAnga
o & A A ' A . S o & o
lndalmwafidulianeszuudszamizenfinutesfige lassulnginifialugdgiany niziseds
@9nsn FeunguianmaFeuuarmIiaedIued g va9szuudszam wensanwiayfdnwolugis
lindalmuat laun miszanvasanunaavesldsduezlusasdiud nquduidulodszaniunu uazns
o A a X v A o Aa A Aa A A -4 A
snwaufiiiadunolusuas Tagu Sumildulunisvilaaemiaaiundlnslule@niAugedu iasanlng
lule@nfguavt@lunsinmenusuysaivendeyi I§ duatunmsrhauvesszuoniduiu uaztoliife
a =4 o v A a a = o va >
ANunaINEBTeIAunIglui l§ Seanuaugavadlnsluladnuazdunidlus lalunumlunsaiuagu
NI W BITTUVUTERINEIUNANT BNNIGINNALNITUSULURERaITROU Tz e ey InazdI Ry IALAA
o Aak ) Y & AR Ao ¢ A o
win Lt lumIsneinsoilsanadwlunissnenlsnoa laowas U'ﬂmwumm@]qﬂsmaﬂLwammuauwmmaﬂws

Vl,tuIaaﬂLLa:qﬁuﬁﬂuéﬂﬁ@ians:mumsa"’maum 293ruudzR LAz Rane Sannlulsaas koiwas

ardran: Insluladn, duridludls, lsndalowas

Abstract

Alzheimer’s disease is the most prevalent form of neurodegenerative disorder, primarily affecting the
elderly population. This chronic condition is characterized by the progressive destruction of various components
of the nervous system. The hallmark pathological features commonly observed in patients include the
accumulation of amyloid-beta (AB) plaques, the formation of neurofibrillary tangles, and chronic neuroinflammation
within the brain. In recent years, there has been growing interest in the use of probiotic supplementation due to
its potential health benefits. Probiotics have been shown to support intestinal barrier integrity, enhance immune
function, and promote the diversity of gut microbiota. A balanced gut microbiota plays a critical role in maintaining
central nervous system homeostasis and modulating neurotransmitter signaling, thereby contributing to improved
prognosis in Alzheimer's disease. Therefore, the present article aims to elucidate the role of probiotics and gut

microbiota in modulating neuroinflammation and the pathogenesis of Alzheimer’s disease.

Keyword: Probiotics, Gut Microbiota, Alzheimer’s Disease
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