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Abstract
Background and objective: Fast-track surgery is a critical process in the management of patients with hand

and foot injuries, aiming to reduce the risk of complications. This study aimed to develop and evaluate the
effectiveness of a fast-track surgical system.

Methods: An action research design was conducted from July to December 2025, comprising four stages:
planning, acting, observing, and reflecting. Qualitative data were collected through literature review and focus
group discussions with a multidisciplinary team, while quantitative data were obtained from medical records.
A total of 128 patients with hand and foot injuries were equally assigned to intervention and control groups.
Data were analyzed using content analysis, descriptive statistics, Chi-square test, Fisher’s exact test and the
Mann-Whitney U test.

Results: The development resulted in a fast-track surgical pathway comprising multidisciplinary team
coordination, emergency department triage, and operating room prioritization. Evaluation of the system showed
that the intervention group had significantly shorter ranked mean times from the emergency department to
the ward (median time decreased from 1.9 to 1.0 hr.), from the emergency department to the operating room
(median time decreased from 6.3 to 5.4 hr.), and to surgery within 24 hours (proportion increased from 65.6%
to 81.3%) compared with the control group (p<0.001, p =0.018, and p=0.044). No significant differences were
observed in time from the ward to the operating room, length of hospital stay, treatment costs, or complications
(p>0.05).

Conclusions: The fast-track surgery system improved early surgical process efficiency and access to urgent

surgery without increasing hospital stay, costs, or complications.

Keywords: fast-track surgery, hand and foot injuries, multidisciplinary team, emergency triage
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HaNSIATIERdayanqunaaskarnguaIuAl  Jeway 70.3 Wiy n1slATIesieie Chi-square test 16l
wudrdulngiunes fovay 93.7 uay 89.1 englies A p > 0.05 v 3 fauds agvieudrdoyariluvesngy
niwFewinfu 39 U 51.6 uay 437 fimsuviaduiifle  veaeswazngumumEinadn s AlndABsiu (1519 1)
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M19199 1 Wisuiileuteyaniluvesngunaaeduasnauniuny

ngunAass (n=64)

nauAuAYN (n=64)

Hoyaly - - p-value*
U Fouasy 31U Joway
LN 0.344
YY 60 93.7 57 89.1
AN il 6.3 7 10.9
a1y (V) 0.642
<39 33 51.6 28 437
40-49 15 23.4 16 25.0
50 16 25.0 20 31.3
Mean (SD); Median (min, max) 38.6 (14.6); 38.5 (14,68) 41.2 (15.1); 42 (12,71)
AnwAZNTUIALRY 1.000
1o 45 70.3 45 70.3
Wi 19 29.7 19 29.7

*Chi-square test

NAN1TILATIZHALUANAIALAEYBISUFY
Y8a11819n%ed ER LU IPD 910 IPD luvies OR uay
90 ER W OR dhunwuneuluvedtie (LOS) uagiunu
A3NWITBINGUNAABILATNGLAIUAN WUT1 Alad
yosdufuvesszzaan ER 1 IPD lunguvaassiiniy
ngumuANed1aiidedAyneadid (p < 0.001) lagd
A5 IIA1N ER 4 IPD anae91n 1.9 vul. e 1.0 v

wazaanviesgnidulusiesingn lungunnassinngi
nauAIUANeYNilitdAYN19Eds (p = 0.018) lnedl
A5E31WIA19IN ER §9 OR AAAI9TN 6.3 Bil. W1de
5.4 vy, duAadsvesduiuszeznatanvegiiely
WewridnvesaenguliwanssiuegslitedAayvneata
(p = 0.236) suAndsvesdusiudnauTuusulumegae
(p = 0.236) WavAunuAISIY (p = 0.236) VOIABINGY
Liunnsnsfuegnefiteddnmneeda (e 2)

A19197 2 WIBUUTEEEIaNTeHIn I1UINTULOU LaTAUNUNITINGY] NAUNARBILALNALAIUAY

NAUNAADY NHUAIUAN
Variables Mean Mean p-value
Median T IQR Median T IQR

nanviesniduluvedile (v) 1.0 346 (0.7-1.1) 1.9 94.2 (1.6-2.7)  <0.001*
nannvertheluviesidn (vu.) 39 569  (1.2-14.3) 45 705  (26-249)  0.236
nannvewnduluviesidn (we) 54 532 (3.0-14.9) 6.3 744 (4.6-258)  0.018%
Furuiuueuluveddie (LOS) 2 62.5 (1-3) 2 64.6 (1-3) 0.534
AuvuAENYY (Un) 9,267 59.0 (7,537-12,279) 9,140 683 (7,869-12,511) 0.596

*p-value < 0.05, Mann-Whitney U Test
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o o a
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o w

faldanusofigailainunnsneiuegredidud Agynieads
(p = 0.068) (M319% 3)
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nNANAIUAL
n’q'swmam ﬂ?‘illﬂ?‘Uﬂ‘ﬁJ Proportion
Variables . 95%Cl  p-value
$wau  Yewar swou  Yeway  difference
Astasunisuiannely 24 . 52 81.3 42 65.6 15.7 0.6,30.8  0.044%2
INTHNTNGOUNAINTENHA 3 a.7 q 6.3 1.6 -1.0,33.0  0.068°

*p < 0.05, *Chi-square test, PFisher’s exact test
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Abstract

Background and objective: The number of diabetes patients is escalating worldwide. Currently criterion for
diagnosing diabetes used fasting plasma glucose or HbAlc. In Thailand, especially the northeast region had high
prevalence of HbE. Hemoglobinopathies affect the immunoassays used for HbAlc measurement. In this study,
we evaluate the concordance between HbAlc and FPG criteria in the diagnosis of diabetes and explores the
prevalence of hemoglobinopathies that may affect HbAlc interpretation.

Methods: A cross-sectional analytical study was conducted on Khon Kaen Hospital staff undergoing annual
health check-ups between September and December 2018. Total 893 participants were evaluated both FPG
and HbAlc. Statistical analyses were performed using Stata version 6.0 by percentages, means, standard
deviations, Pearson Chi-square test, two-tailed tests, and logistic regression.

Results: A total of 893 participants, 57.7% were female, mean ages of 47.6 years, and mean BMI was 24.5
ke/m’. Most participants had no underlying disease (78.5%) and were not taking medication regularly (89.5%).
When using FPG criteria, the prevalence of diabetes was 4.6% and prediabetes was 13.2%. There were
relatively higher prevalence using HbAlc criteria, with diabetes was 10.1% and prediabetes was 18.0%.
However, the correlation between these 2 diagnostic criteria was fair by kappa coefficient of 0.38, 95%Cl; 0.35
to 0.40. Prevalence of hemoglobinopathies was 37.8% with high prevalence of homozygous Hb E (3.6%) and
Hb E trait (30.2%). Diabetes diagnosis did not differ significantly by hemoglobinopathy status for both FPG
(OR 1.29; 95% Cl 0.67-2.47, p=0.44) and HbAlc (OR 1.61; 95% Cl 0.85-3.05, p=0.15) criteria.

Conclusions: HbAlc and FPG showed fair to moderate agreement for diabetes diagnosis, unaffected by
hemoglobinopathy status. However, due to the high prevalence of HbE and higher costs, HbAlc is more

suitable as a confirmatory test than a screening tool.

Keywords: FPG, HbAlc, diagnosis of diabetes, hemoglobinopathies
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Introduction

The number of diabetes patients is escalating
worldwide, especially in the Western Pacific Region
of Asia. In 2025, the International Federation of
Diabetes estimated that 589 million adults worldwide
had diabetes, and the number will rise to 853 million
in 2050. Western Pacific is the IDF region with the
highest number of adults living with diabetes
(215 million) or over a third (37%), with prevalence
ranging from 3% to 47.3% across countries. Thailand
is among the countries in this region with a high
prevalence of diabetes [1]. Every year, more than
200,000 deaths among the Thai populace are caused
by chronic noncommunicable diseases, of this
number, about 30,000 deaths are owing to diabetes,
a leading cause of death in Thailand [2]. Thai National
Health Examination Surveys (NHES) have shown that
the age-adjusted prevalence of diabetes increased
from 8.9% in 2014 to 9.5% in 2020 and 10.6% in 2025
(9.7% among men and 11.3% among women) [3] with
a majority of diabetes being undiagnosed clinically.
The regional burden of diabetes is anticipated to
become an even greater concern in the future due
to late diagnosis and inadequate follow-up or
compliance [4]. Early identification of high-risk
individuals is considered the best strategy to contain
the burden and costs of diabetes and its associated

complications in the general population [4,5].
Previously, fasting plasma glucose (FPG) was used
as a criterion for diagnosing diabetes, alone or during
an oral glucose tolerance test where 2 hours glucose
level is also a criterion. This method is sensitive but
has poor reproducibility and patients must fast
overnight prior to either test. In recent years, glycated
hemoglobin (HbA1c), initially discovered by Rahbar et
al in 1969 [6], was recommended as a tool for the
diagnosis and monitoring of treatment of diabetes. In
2009, the International Expert Committee recom-
mended using an HbAlc >6.5% (48 mmol/mol)
threshold to diagnose diabetes [7], and this position
was also endorsed by the American Diabetes
Association [8]. Recent data from Ho Chi Minh City

showed significant discordance in the diagnosis of
diabetes between FPG and HbAlc measurements [9].
The mean HbAlc levels are different between
ethnicities, with Asians having higher levels than
Caucasians [3,8]. Factors that affect the lifespan of
red blood cells affect the HbA1c level. Hemoglobin-
opathies not only affect red blood cells lifespan but
also affect the immunoassays used for HbAlc meas-
urement. Some current HbAlc measurement
methods show clinically significant interference with
samples containing hemoglobin E (HbE), hemoglobin
F (HbF), hemoglobin S (HbS) and hemoglobin C (HbC)
[10]. There is a high prevalence of hemoglobinopathies
in Thailand, especially the northeast region. The
average carrier rates for common thalassemia and Hb
disorders in Thailand are 2.2-9% for 0L0-thalassemia,
8-30% for Ol+-thalassemia, 1-3% for B—thalassemia,
10-50% for HbE and <1% for HbS [11]. In northeastern
Thailand, average carrier rates are 13.6% for Ol-thalas-
semia, 6% for B—thalassemia and 20-60% for HbE [12].
In the presence of Hb E, HbAlc may not be detectable
by ionexchange chromatography (highpressure
liquid chromatography) but may be estimated by
immunoassay technique and boronate affinity
chromatography. However, the result may be
underestimated when correlated with plasma glucose [13].
Hemoglobin variants among thalassemia and
hemoglobinopathies patient were the serious factors
for the accuracy of HbAlc quantification in the
diabetes clinic. Immunoassays, ion-exchange high
performance liquid chromatography (HPLC) method
have been favored and developed to the analysis of
HbAlc because of their precision and no interference
of hemoglobinopathies. However, in study from Surin
hospital showed HbAlc levels were significantly
lower in diabetic patients with homozygous HbE [14],
that reflects interference of this method. Other HbAlc
measurement technique with capillary electrophoresis
(CE) method does not only report the HbAlc level
but also detects hemoglobin variants by examination
of the electropherograms [15]. However, this method

of HbAlc measurement is not included in standard
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annual health check-up and cannot be reimbursed
by the government, despite its more diagnostic
benefits of diabetes.

Because controversial data in Diabetes diagnostic
criteria in Asian especially in South-east Asia and
HbAlc test by HPLC method can interference from
hemoglobinopathies. This study aims to evaluate the
diagnostic concordance between HbAlc and FPG in
detecting diabetes in Thai health check-up
participants. It also explores the prevalence of
hemoglobinopathies that may affect HbAlc

interpretation.

Methods

Participants and study design
A cross-sectional analytical study was conducted
on the hospital personnel of Khon Kaen Hospital
including physicians, pharmacists, nurses, allied health
professionals and back-office staff who were assigned
to have routine physical yearly check-up between
September 2018 and December 2018. The use of the
hospital’s Electronic Health Records ensures access
to precise, centralized laboratory results and medical

histories, eliminating recall bias.
The sample size was determined by the number
of specimens provided from the health hospital
personnel during the period with Daniel formula [16]

below

NxZ%xp(l—p)

dz(N—l)-kZ%xp(l—p)

d = 0.05 and p = 9.7% for diabetes and 34.6%
for prediabetes (data from Ho-Pham LT et al. [9]).

Totals of at least 733 samples were calculated.
The inclusion criteria included aged between 20 and
65 years. We excluded individuals who had blood
loss from any cause within six months before blood
collection, active tuberculosis, renal failure, liver
impairment, malignancy, known cases of hemolytic

diseases other than hemoglobinopathies.

FPG, HbAlc, lipid profile, complete blood count
including hemoglobin concentration (Hb), BUN,
creatinine, ALT, and AST were collected on the same
day. Hemosglobin typing was performed, if HbAlc
measured by capillary electrophoresis suggested
abnormal hemoglobin variants. HbAlc was examined
by Sebia Capillarys HbAlc on Capillarys 2 Flex
Piercing (Sebia, Paris, France). FPG, Lipid profile
consists of serum cholesterol level (CHOL), triglyceride
(TG), high-density lipoprotein (HDL) and low-density
lipoprotein (LDL). CHOL and TG were measured by
enzymatic colorimetric assay (Roche Diagnostics,
Mannheim, Germany). HDL and LDL were measured
by homogenous enzymatic colorimetric assay (Roche
Diagnostics, Mannheim, Germany). Hemoglobin type
was determined using a standard capillary
electrophoresis system (Capillarys 2FP).

Patients were classified into three groups:
normal, pre-diabetes, and diabetes groups. Each group
was classified by Thai Diabetic Guideline criteria [17].
An individual was diagnosed with diabetes if the
individual’s HbAlc > 6.5% (48 mmol/mol). Pre-
diabetes was defined as HbAlc value between 5.7%
and 6.4%. In addition, and for comparison, diabetes
was also diagnosed as individuals with FPG > 126
mg/dl ,and pre-diabetes was classified as FPG
between 100 and 125 mg/dl (i.e., impaired fasting
glucose)

This study received approval from a research
ethics committee of Khon Kaen Hospital with approval

reference number was KE61130.

Statistical analysis

Results were analyzed using Stata version 6.0.
Data were described in percentages, means, and
standard deviations (SD). The Pearson Chi-square test
was used to compare differences between nominal
variables. Fisher’s exact test and continuity correction
were used as appropriate. Two-tailed tests were used
to determine the statistical significance at p-value less
than 0.05. Logistic regression was used to

compare between groups and reported as odds ratios
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and 95% confidence interval (Cl). The distributions of
data were evaluated by Kolmogorov-Smirnov test.
Kruskal-Wallis test was used to determine differences
between means in each group. Factors that affected
diabetes and pre-diabetes diagnosis were analyzed
by logistic regression and adjusted odds ratio with

95% Cl.

Results
Demographic data
A total of 1,061 persons had yearly check-up

but only 893 persons were eligible and included for

Table 1 Demographics data in number (%)

analysis. Of 893 participants, 57.7% were female,
mean age was 47.6 years, mean body weight was 63.9
ke, and mean BMI was 24.5 kg/m?, smoker 8.3% and
alcohol consumption 28.8% (table 1). Most
participants had no underlying disease (78.5%) while,
8.7% had hypertension, 2.4% had hyperlipidemia and
11.4% had other disease such as chronic kidney
disease, liver cirrhosis, gouty arthritis and rheumatoid
arthritis. Ninety-four participants (10.5%) were taking
medication such as antihypertensive agent, lipid
lowering agent, uric lowering agent or steroid as shown

in Table 1.

Characteristics

Total, n = 893

Age, years®
Female
Weight, kg*
BMI, Kg/m?in median (IQR)
Waist circumference, cm* (IQR)
Underlying disease

- Hypertension

- Dyslipidemia

- gouty arthritis

- CKD stage 3 and below

- others disease

Medication
- Antihypertensive agent
- Lipid lowering agent
- Uric lowering agent
- steroid

- others medication
Smoking
Alcohol drinking
Systolic BP, mmHg*

Diastolic BP, mmHg*

47.6 £ 10.7
378 (57.7)
63.9 + 124
24.5 (22.8-27.0)
32.5 (30 - 35)

192 (21.5)
78 (8.7)
21(2.4)
6 (0.7)
1(0.1)

102 (11.4)

94 (10.5)
67 (7.5)
20 (2.2)
3(0.3)
1(0.1)
33(3.7)
74.(8.3)

257 (28.8)

124.2 + 16.1

771 +123

Abbreviation: KG, kilogram; cm, centimeter; BMI, body mass index; IQR, interquartile range; CKD, chronic

kidney disease; BP, blood pressure; mmHg, millimeter of Mercury

*Mean + standard deviation
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Laboratory values, mean hemoglobin was
13.3 + 1.6 g/dl, mean corpuscular volume was
80.6 + 9.6 fL, Red blood cell distribution width was
14.3 + 2.3 %, fasting plasma glucose was 93.0 + 22.2

Table 2 Laboratory values in mean + standard deviation

mg/dl and mean HbAlc was 5.5 + 0.8 % as shown in
Table 2.

Test (n)

Result; mean+ SD

Hemoglobin, ¢/dl (892)

Hematocrit, % (892)

MCV, fL (892)

MCH, pg (892)

RDW, % (805)

Fasting plasma glucose, mg/dl (893)
HbA1c, em% (893)

Total Cholesterol, meg/dl (891)
Triglyceride, mg/dl (684)

High density lipoprotein, mg/dl (358)
c-LDL, me/dL (21)

d-LDL, mg/dLl (130)

Creatinine, mg/dl (714)

eGFR, mU/min/1.73 m’ (714)

AST, IU/L (662)

ALT, IU/L (670)

133 £1.6
403 + 4.7
80.6 + 9.6
269 +39
143+ 23
93.0 £ 222
55+0.8
204.9 + 39.5
130.7 + 106.1
56.1 + 14.7
145.1 +40.3
144.8 + 40.8
09+04
92.7 +14.3
23.4 +10.6
222 +£16.2

Abbreviation: MCV, mean corpuscular volume; MCH, mean corpuscular hemoglobin; RDW, red cell

distribution width; c-LDL, calculated low density lipoprotein; d-LDL, direct low-density lipoprotein; eGFR,

estimated glomerular filtration rate; AST, aspartate transaminase; ALT, alanine transaminase

Primary outcomes

Among 893 participants, using fasting plasma
glucose criteria for diagnosis of diabetes, 41 (4.6 %)
participants had diabetes, 118 (13.2%) participants
had prediabetes, and 734 (82.2%) participants were
normal. While using HbAlc criteria for diagnosis of
diabetes, 90 (10.1%) participants had diabetes, 161
(18.0%) participants had prediabetes, and 642 (71.9%)
participants were normal. HbAlc has 65.8 % Sensitivity
(95% C1 49.4-79.9) and 92.6% specificity (95% Cl 90.6-

94.3) in diabetes diagnosis, Positive Predictive Value
(PPV) was 30.0% (95% Cl 23.6-37.2) and Negative
Predictive Value (NPV) was 98.3% (95% Cl 97.4-98.8).
There still were relatively higher prevalence of
diabetes and prediabetes in HbAlc criteria than
fasting plasma glucose criteria, but the agreement of
these 2 diagnostic criteria was fair to moderate:

kappa 0.38, 95%Cl; 0.35 to 0.40, p<0.01, Table 3.
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Table 3 Diagnostic of diabetes by FPG and HbA1c criteria in number (%)

FPG Kappa
HbA1lc p-value
Normal Pre-diabetes Diabetes Total (95%Cl)
Normal 589 (80.3) 45 (38.1) 8(19.5) 642 (71.9) 0.38 <0.01
Pre-diabetes 105 (14.3) 50 (42.4) 6 (14.6) 161 (18.0)  (0.35-0.40)
Diabetes 40 (5.5) 23 (19.5) 27 (65.9) 90 (10.1)
Total 734 (82.2) 118 (13.2) 41 (4.6) 893 (100)

Secondary outcomes

Of the 893 participants, 845 (94.6%) were
measured by CE method testing for HbAlc and had
reported Hemoglobin typing data which giving 37.8
% prevalence of Hemoglobinopathies with dividing
to Beta thalassemia trait was 0.7, Homozygous Hb E
was 3.6, Hb E trait 30.2, Hb H disease was 0.2 and Hb
Constant Spring was 1.1 respectively. Among 128 of
845 participants were tested for Hb typing method
by standard capillary electrophoresis, which gave
prevalence of Hemoglobinopathies was 38.3% with
dividing to Beta thalassemia trait was 0.8, Homozygous
Hb E was 3.9, Hb E trait 24.2, Hb H disease was 0.8
and Hb Constant Spring was 3.9 respectively. The
agreement of these 2 techniques was almost perfect,
kappa 0.91 (95%Cl 0.83-0.92, p<0.01).

No statistically significant difference was found
in the diagnosis of diabetes between the hemoglo-
binopathies group and the normal hemoglobin
typing group. This held true for both FPG criteria
(OR 1.29; 95% CI 0.67-2.47, p=0.44) and HbAlc
criteria (OR 1.61; 95% ClI 0.85-3.05, p=0.15).

Discussion

Among 893 participants who came to routine
physical yearly check-up at Khon Kaen Hospital
between September 2018 and December 2018,
prevalence of diabetes was 4.6% and pre-diabetes
was 13.2% when used fasting plasma glucose criteria,
while using HbAlc criteria we found prevalence of
diabetes and pre-diabetes were 10.1% and 18.0%
respectively. Prevalence of Diabetes and Pre-diabetes
in this study is similar to Thai National Health
Examination Surveys 2025 [3].

The study demonstrated a high specificity
(92.6%) and NPV (98.3%) for HbA1lc, yet its low PPV
(30.0%) and fair agreement with FPG (Kappa = 0.38)
indicate significant diagnostic discordance. This finding
was nearly concordant with previous study from
Vietnam [9]. Notably, 40 participants were classified
as diabetic by HbAlc despite having normal FPG,
suggesting a high risk of over-diagnosis in this Hb
E-prevalent population. These findings imply that
while HbA1lc is effective for ruling out diabetes,
it should not be used as a standalone marker.
Clinically, a combined approach using FPG, HbAlc, or
confirmatory tests like OGTT is essential to ensure
diagnostic accuracy and avoid inappropriate
treatment. However, HbA1c should be a confirmatory
test rather than a screening test because of high
specificity and higher cost than FPG.

In addition, we found that prevalence of
Hemosglobinopathies was 37.8%: beta thalassemia
trait was 0.7%, homozygous Hb E was 3.5%, Hb E trait
30.2%, Hb H disease was 0.2% and Hb Constant Spring
was 1.1%. This finding was consistent when compare
with previous study by Leckngam [12], and there was
still high prevalence of hemoglobinopathies,
especially HbE disorder in the northeastern region
same as previous study at Surin Hospital shown the
prevalence of homozygous Hb E and Hb E trait were
9.0% and 38.2%, respectively [14].

Hb E contains a substitution of lysine for
glutamic acid at position 26 of the B chain. Hb E is
found primarily in people from Southeast Asia
especially in the northeastern region of Thailand.

Subjects with homozygous E disease and heterozygous
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E trait are usually completely asymptomatic. Most
common techniques of HbAlc measurement were
Immunoassay technique: It uses an antibody that
recognizes the structure of the Nterminal glycated
amino acids, usually the first 4-10 amino acids on the
Hb B chain. Hb E disease usually does not affect the
immunoassay technique of HbAlc estimation, as the
mutation tends to be farther away on the 3 chain
than 4-10 amino acids. However, it does interfere with
the ionexchange HPLC method, as the mutation tends
to alter the ionic charges on the Hb. Thus, a physician
may be unaware that their patient with diabetes has
Hb E disease or Hb E trait, and their HbAlc result may
be incorrect [13]. In this study, HbAlc was measured
using CE method, which significantly minimizes
analytical interference from Hb E. Unlike immunoassays,
the CE method provides high resolution by clearly
separating Hb E peaks from HbAlc on electropherograms,
ensuring accurate measurements in individuals with
Hb E trait. However, a limitation remains in cases of
homozygous Hb E or Hb E/beta-thalassemia, where
the absence of HbA or shortened red blood cell
lifespan may still lead to clinically unreliable HbAlc
results, therefore, we still caution when using HbAlc

criteria for diagnosis of diabetes.

When focus on factors that affected pre-diabetes
diagnosis by HbAlc criteria. Older age, male gender,
high waist circumference and high level of alanine
transaminase were shown correlation effect, but only
low serum creatinine had affected on diabetes
diagnosis by HbAlc criteria. At the same time, male
gender, high systolic BP, low serum creatinine and
high level of alanine transaminase were shown
correlation effect to pre-diabetes diagnosis by fasting
plasma glucose criteria. But only high waist circumference
and low serum creatinine were shown correlation
effect to diabetes diagnosis by fasting plasma glucose
criteria. Other information was shown in supplement
tables 1.1 and 1.2.

After adjusting the effect of several factors by
Forward stepwise, this study highlights several key
factors significantly associated with diabetes risk,
specifically older age, increased waist circumference
(WC), and elevated serum triglycerides that affect
diabetes diagnosis by both HbAlc and fasting plasma

glucose criteria. Other information was shown in Table 4.

Table 4 Factors by forward stepwise multivariable analysis

Pre-diabetes Diabetes
Factors
Adjusted OR (95%Cl) p-value Adjusted OR (95%ClI) p-value

HbA1lc

Age 1.08 (1.05 - 1.10) <0.01 1.04 (1.01 - 1.07) 0.01
WC 1.14 (1.07 - 1.21) <0.01 1.13(1.05 - 1.21) <0.01
TG 1.00 (1.00 - 1.01) 0.01 1.00 (1.00 - 1.01) 0.01
Cr 0.29 (0.08 - 1.02) 0.05 0.03 (0.01 - 0.19) <0.01
FPG

Age 1.05(1.03 - 1.07) <0.01 1.05(1.01 - 1.09) 0.02
SBP 1.02 (1.01 - 1.04) <0.01 1.02 (0.99 - 1.04) 0.21
WC 1.05(1.00 - 1.12) 0.06 1.09(1.02 - 1.17) 0.02
TG 1.00 (1.00 - 1.01) <0.01 1.01 (1.00 - 1.01) <0.01

Abbreviation: WC, waist circumference; TG, triglyceride; Cr, creatinine; SBP, systolic blood pressure.
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Advance age can independently influence
HbA1c levels. Previous research suggests that HbAlc
levels tend to increase with age even in non-diabetic
populations, potentially due to changes in red blood
cell (RBC) turnover or glycation rates [18].
Consequently, using a fixed HbAlc threshold for the
elderly may lead to a decrease in diagnostic specificity,
and age-adjusted reference ranges may be necessary
to avoid overdiagnosis. Increased waist circumference
(WC) was identified as a strong predictor of diabetes,
reflecting the critical role of central adiposity, serves
as a more direct proxy for visceral fat, which is
metabolically active and releases pro-inflammatory
cytokines and free fatty acids that impair insulin
signaling [19]. However, WC itself does not typically
interfere with the laboratory measurement of the
HbAlc molecule but rather reflects the underlying
chronic hyperglycemic state. Elevated TGs are often
a hallmark of the “atherogenic dyslipidemia” seen in
metabolic syndrome, which is closely linked to insulin
resistance [20]. Primarily, elevated TGs serve as a
surrogate marker for poor glycemic control rather than
a direct measurement confounder.

Strengths of our study were large sample size
and was done on a single site with universal
standardization by ISO. Another, our study was
evaluation hemoglobinopathies by capillary
electrophoresis with perfect agreement to standard
method. Furthermore, we analyze several factors that
affected diabetes and pre-diabetes diagnosis. This
study has several limitations, first, the study’s use of
a single laboratory measurement, which may inflate
the reported prevalence and reduce diagnostic
accuracy due to a lack of confirmatory testing.
Second, several laboratory data were missing because
there were not done in some yearly check-up
participants program. Third, since the cohort
consisted solely of hospital staff who typically have
higher health literacy and better access to care these
results may not be fully generalized to the broader
population. Furthermore, our study collected data in
2018, due to the lack of timeliness of this data,
the applicability of the findings should be interpreted

with caution.

Future studies should employ longitudinal
designs with repeat testing to enhance diagnostic
precision. To improve generalizability, research should
involve more diverse, community-based populations.
Furthermore, validating alternative glycemic markers,
such as fructosamine or glycated albumin, is
recommended to establish more reliable diagnostic
tools for populations with high hemoglobinopathy

prevalence.

Conclusion

The level of agreement between diabetes
diagnoses using HbAlc and FPG is fair to moderate.
Furthermore, no statistically significant difference was
found in the diagnosis of diabetes between individuals
with and without hemoglobinopathies. However,
given the high prevalence of hemoglobinopathies,
particularly Hb E, in the Northeast region, HbAlc
should be utilized as a confirmatory test rather than
a screening tool due to its high specificity and higher

cost compared to FPG.
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Abstract

Objective: To identify risk factors associated with the development of de novo stress urinary incontinence (SUI)
in continent women undergoing pelvic organ prolapse (POP) surgery.

Methods: A retrospective case-control study was conducted at Maharaj Nakhon Ratchasima Hospital, a tertiary
care center. Medical records of women who underwent POP surgery between June 2014 and June 2024 were
reviewed. A total of 411 patients were included. Cases (n = 137) were defined as women who developed de
novo SUI after surgery, whereas controls (n = 274) were continent women matched at a 2:1 ratio. Logistic
regression analyses were performed to evaluate associations between clinical and demographic variables and
the occurrence of postoperative de novo SUI. The main outcome measures are identification of clinical and
demographic factors associated with the development of de novo SUI following POP surgery in previously
continent women.

Results: In univariate analysis, age <65 years, BMI >27 kg/m2, chronic obstructive pulmonary disease (COPD),
chronic constipation, and voiding dysfunction symptoms were significantly associated with de novo SUL. In the
multivariate model, BMI >27 kg/m? (adjusted OR 2.62; 95% Cl 1.04-6.60; p = 0.041) and chronic constipation
(adjusted OR 2.65; 95% Cl 1.67-4.21; p < 0.001) remained independent predictors, whereas other variables did
not retain statistical significance.

Conclusions: High BMI and chronic constipation were identified as significant risk factors for postoperative de
novo SUI, underscoring the importance of tailored preoperative risk assessment. These predictors may inform
surgical decision-making, including selective consideration of concomitant anti-incontinence procedures in
high-risk individuals. Addressing modifiable risk factors prior to surgery may reduce the occurrence of de novo

SUI'and improve quality of life in women undergoing pelvic reconstructive surgery.

Keywords: de novo stress urinary incontinence, pelvic organ prolapse surgery, risk factors, chronic constipation,
body mass index
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Introduction

Pelvic organ prolapse (POP) is a prevalent
condition among older women, with up to 50%
experiencing some form of prolapse during their
lifetime [1]. Its clinical significance lies not only in
anatomical displacement but also in its impact on
urinary function, including the frequent co-occurrence
of stress urinary incontinence (SUI) [2]. The anatomical
changes caused by anterior vaginal wall prolapse may
result in urethral kinking, which temporarily preserves
continence in some women [3]. However, surgical
correction of POP can relieve this obstruction and
unmask underlying urethral dysfunction, leading to
postoperative de novo stress urinary incontinence
(de novo SUI) [4].

De novo SUI refers to the onset of urinary
leakage symptoms—typically associated with exertion
or increased intra-abdominal pressure—that arise
after prolapse repair in women who were continent
preoperatively [5]. This phenomenon has been
reported in approximately 16% to 51% of women
undergoing pelvic floor reconstructive surgery without
concurrent anti-incontinence procedures [6,7].

The underlying mechanisms contributing to de
novo SUl include both structural and functional
factors, such as urethral hypermobility, reduced
urethral pressure, and preoperative occult SUI (OSUI)
which may not be detectable without specific
urodynamic provocation tests [8]. The diagnosis of
OSUI often requires bladder prolapse repositioning or
pressure-induced testing before surgery [9]. Nevertheless,
not all cases of postoperative SUI can be attributed
to previously undetected OSUI, emphasizing the
multifactorial etiology of de novo SUI [10].

Recent studies have identified several potential
risk factors for developing de novo SUI postoperatively,
including lower urinary tract obstruction (LUTO), high
Aa-point values (anterior vaginal wall descent),
previous hysterectomy, and specific modes of
prolapse surgery such as tension-free vaginal mesh
(TVM) [7,11]. Among these, LUTO—diagnosed via

urodynamic testing—has emerged as an independent
and statistically significant predictor of postoperative
de novo SUI [12].

Given the clinical implications of de novo SUI
on postoperative quality of life, it is essential to identify
preoperative risk factors that may inform surgical
decision-making and patient counseling. This study
aims to investigate the risk factors associated with the
development of de novo SUI in women undergoing
pelvic organ prolapse surgery, as well as to determine

its incidence rate in this population.

Method
Primary objective
To identify risk factors associated with the
development of de novo stress urinary incontinence
(SUI in women undergoing pelvic organ prolapse

(POP) surgery.

Study design

Case-control study

Study schedule

This study was conducted following approval
from the Ethics Committee of Maharat Nakhon
Ratchasima Hospital, Nakhon Ratchasima, Thailand.
[t was designed as a retrospective case-control study
aimed at identifying the risk factors associated with
the development of de novo stress urinary incontinence

(SUI) following pelvic organ prolapse (POP) surgery.

Study setting and population

Eligible participants were identified from the
medical records of patients who underwent POP
surgery performed by certified obstetricians and
gynecologists at Maharat Nakhon Ratchasima Hospital.
The identification process utilized institutional surgical
databases and electronic medical record systems by
querying surgical procedure codes and patient

medical record numbers related to POP surgeries.
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Inclusion criteria

Female patients diagnosed with stage Il or
greater pelvic organ prolapse, confirmed via pelvic
examination or imaging according to the POP-Q and
Baden classification. No preoperative symptoms of
stress urinary incontinence (SUI). Underwent one or
more of the following surgical procedures:

e Anterior colporrhaphy

e Posterior colporrhaphy

Vaginal hysterectomy

Total colpocleisis

Partial Colpocleisis

Exclusion criteria
1. History of anti-incontinence surgery — Patients
who have undergone any form of anti-SUI surgical
procedure (e.g., midurethral sling, Burch colposuspension)
either previously or concurrently with the index POP
surgery.
2. Inadequate medical records or missing critical
data
3. Postoperative complications that affect urinary
function evaluation
a. urinary retention requiring catheter reinsertion
b. vesicovaginal fistula
c. surgical site infection
4. Prior pelvic irradiation (e.g., for gynecological
cancers) may alter tissue compliance and bladder

function, leading to confounding urinary outcomes.

Postoperative follow-up

Patients who do not experience any immediate
postoperative complications and are able to void
spontaneously after removal of the Foley catheter
will be discharged. At 2 weeks post-surgery, all
patients will undergo a standardized postoperative
evaluation during a scheduled outpatient follow-up
visit. This assessment will include clinical examination
and symptom review, with a particular focus on
lower urinary tract symptoms (LUTS), including the

presence or absence of de novo SUL

Main outcome measure

The primary outcome of this study is the
incidence and identification of risk factors associated
with de novo stress urinary incontinence (SUI) in
women undergoing pelvic organ prolapse (POP)
surgery who were continent preoperatively. De novo
SUl is defined as the onset of involuntary leakage of
urine on effort, exertion, sneezing, or coughing,
reported by patients after surgery, with no prior
history or symptoms of SUI before the operation.
Confirmation will be based on:

e Patient self-report during the 2-week
postoperative follow-up visit

e Review of postoperative clinical records
indicating the emergence of stress-related urinary
leakage

Patients meeting this definition were classified
as cases. Controls were patients who remained
continent postoperatively. The outcome was analyzed
to evaluate its association with preoperative

demographic, clinical, and anatomical variables.

Control group selection

Potential controls were selected from patients
who underwent pelvic organ prolapse (POP) surgery
during the same time period as the cases but did not
develop postoperative stress urinary incontinence
(SUI). Controls were matched to cases at a 2:1 ratio
based on the time period of surgery to minimize
confounding due to changes in surgical techniques or

clinical practices over time.

Data collection

A standardized data abstraction form was used
to collect relevant clinical information from patient
medical records. The following preoperative variables
were recorded:

e Age

e Parity

e Body mass index (BMI)

e History of previous prolapse surgery

e History of previous hysterectomy
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e Menopausal status
e Presence or absence of preoperative stress
urinary incontinence

e Overactive bladder symptoms (wet vs. dry)

Voiding dysfunction symptoms

e Post-void residual urine volume

History of urinary tract infection (UTI)

Other relevant medical comorbidities (e.g.,
diabetes mellitus, chronic obstructive pulmonary
disease (COPD), chronic constipation, recurrent urinary
tract infections (UTIs), Parkinson’s disease, multiple
sclerosis)

All data were anonymized prior to analysis to
protect patient confidentiality and were securely
stored in compliance with institutional data protection

guidelines.

Data analysis/ statistical analysis:

Univariate analysis was performed to determine
significant differences in demographic, surgical, and
postoperative factors between the cases and the
controls. The %2 and Fisher’s exact tests were used
for categorical variables, and the T-test and Wilcoxon
rank-sum test were used for continuous variables.

Conditional logistic regression was performed
to determine unadjusted odds ratios (ORs) and 95%
confidence intervals (Cls) for significant single predictors.
Predictors that were univariately associated with the
outcome were included in a multivariate logistic

regression to identify independent predictors of de

novo SUL.

Results

A total of 411 women who underwent pelvic
organ prolapse surgery were included in the final
analysis .Of these, 137 patients (33.3%) developed de
novo stress urinary incontinence (SUI) postoperatively
and were classified as cases, while 274 patients
(66.7%) remained continent and served as controls,
resulting in a case-to-control ratio of 1:2.

The mean age of the study population was 68.3
+ 10.7 years. The overall mean body mass index (BMI)
was approximately 23.3 kg/m?. Regarding pelvic organ
prolapse severity, the majority of patients had
advanced-stage prolapse (stage IlIHV) in all compartments.
Preoperative lower urinary tract symptoms were
common; voiding difficulty symptoms were reported
in approximately one-third of patients. Among
medical comorbidities, chronic constipation and
diabetes mellitus were frequently observed, whereas
chronic obstructive pulmonary disease (COPD) and
overactive bladder (OAB) symptoms were present in
a smaller proportion of the cohort.

Most patients underwent anterior and posterior
colporrhaphy, and approximately 70% received
concomitant vaginal hysterectomy. Intraoperative and
early postoperative complications were uncommon.
All patients included in the analysis were continent
preoperatively and were evaluated for the presence
of de novo SUI during standardized postoperative

follow-up.
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Table 1 Characteristic of all patients. (n= 411)

DEMOGRAPHIC

DATA (N)

AGE, MEAN =+ SD (range)
BMI, MEAN + SD (range)

Stage of POP, anterior

- Early stage of anterior compartment (stage |, Il)

- Advance stage of anterior compartment (stage iii, iv)

Stage of POP, apical

- Early stage of apical compartment (stage |, II)

- Advance stage of apical compartment (stage I, IV)

Stage of POP, posterior

- Early stage of posterior compartment (stage |, II)

- ADVANCE STAGE OF POSTERIOR COMPARTMENT (stage IIl, IV)

Clinical LUTS finding before surgery
- Voiding difficulty symptoms
- OAB
Underlying disease
- Diabetes mellitus
- Chronic obstructive pulmonary disease (copd)
- Chronic constipation
- Recurrent urinary tract infections (utis)
Surgical parameters
- Duration of surgery, mean + sd (range)
- Intra-operative blood loss, mean + sd (range)
- Anterior colporrhaphy
- Posterior colporrhaphy

- Vaginal hysterectomy

68.3 + 10.7
23.3 + 2.9 kg/m?

61 (14.8)
350 (85.2)

79 (19.2)
332 (80.8)

73(17.8)
338 (82.2)

131 (31.9)
87(21.2)

82 (20.0)
35 (8.5)
122 (29.7)
22 (5.3)

110.2 + 17.7
1523 +46.2
407 (99)
391 (95.1)
289 (70.3)

Univariate analysis

In univariate analysis, several preoperative
factors were significantly associated with the
development of de novo stress urinary incontinence
(SUI). Patients who developed de novo SUI were more
likely to be younger than 65 years (OR 3.57, 95% Cl
2.19-5.82, p < 0.001) and to have a body mass index
(BMI) greater than 27 kg/m?2 (OR 3.94, 95% (| 2.38-6.53,
p < 0.001).

Among comorbid conditions, chronic obstructive
pulmonary disease (COPD) (OR 2.60, 95% Cl 1.29-5.23,
p = 0.008) and chronic constipation (OR 2.95, 95% Cl
1.90-4.59, p < 0.001) were significantly associated with
de novo SUI, whereas diabetes mellitus and recurrent

urinary tract infection were not.
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Regarding pelvic organ prolapse severity, Among preoperative lower urinary tract

advanced-stage prolapse in the anterior, apical, or symptoms, voiding dysfunction symptoms were
significantly associated with de novo SUI (OR 2.63,
95% Cl 1.71-4.05, p < 0.001), whereas overactive
bladder symptoms were not (OR 1.32, 95% Cl

0.81-2.15, p = 0.26).

posterior compartments was not associated with the

development of de novo SUL.

Table 2 Univariate and multivariate analysis of the association of demographic data, stage of pelvic organ

prolapses surgical parameters with presence of de novo SUI after pelvic organ prolapse surgery.

Univariate analysis

Multivariate analysis

Parameter
OR (95% ClI) p-value OR (95% ClI) p-value
Patient characteristic
Age
- (Age < 65 Vs 265) 3.57 (2.19-5.82) <0.001 1.44 (0.58-3.53) 0.43
Body mass index
- BMI > 27 kg/m’ Vs < 27 kg/m’ 3.94 (2.38-6.53) <0.001 2.62 (1.04-6.60) 0.041
Comorbidity
- DM 1.05 (0.63-1.74) 0.86
- COPD 2.60 (1.29-5.23) 0.008 2.06 (0.97-4.38) 0.061
- Constipation 2.95(1.90-4.59) <0.001 2.65(1.67-4.21) <0.001
- UTl 0.93 (0.37-2.34) 0.88
Stage of pelvic organ prolapse
Anterior Compartment
- Early Vs Advance stage 0.94 (0.53-1.67) 0.84
Apical Compartment
- Early Vs Advance stage 0.95 (0.57-1.60) 0.86
Posterior Compartment
- Early Vs Advance stage 1.20 (0.69-2.07) 0.52
Pre-operative LUT Symptoms
- Voiding dysfunction symptoms 2.63(1.71-4.05) <0.001 0.72(0.45-1.18) 0.19
- OAB 1.32(0.81-2.15) 0.26

OAB = Overactive Bladder

Pre-operative LUT = Pre-operative lower urinary tract symptoms
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Multivariate analysis

Variables that were significant in univariate
analysis (age <65 years, BMI >27 kg/m?, COPD, chronic
constipation, and voiding dysfunction symptoms)
were entered into a multivariate logistic regression
model.

After adjustment for potential confounders, BMI
>27 kg/m? (adjusted OR 2.62, 95% Cl 1.04-6.60,
p = 0.041) and chronic constipation (adjusted OR 2.65,
95% Cl 1.67-4.21, p < 0.001) remained independently
associated with the development of de novo SUL.

Age <65 years was no longer significantly
associated with de novo SUI after adjustment
(adjusted OR 1.44, 95% Cl| 0.58-3.53, p = 0.43).
Similarly, COPD showed a borderline but non-significant
association (adjusted OR 2.06, 95% Cl 0.97-4.38,
p = 0.061), and voiding dysfunction symptoms were
not independently associated with de novo SUI'in the
multivariate model (adjusted OR 0.72, 95% Cl 0.45-1.18,
p = 0.19).

Discussion

This retrospective case-control study investigated
risk factors associated with the development of de
novo stress urinary incontinence (SUI) in women
undergoing pelvic organ prolapse (POP) surgery. Using
multivariate logistic regression analysis, we identified
two independent risk factors: body mass index (BMI)
> 27 kg/m? and chronic constipation. These findings
have important implications for preoperative risk
stratification and patient counseling in women who
are continent prior to surgery.

De novo SUl refers to the new onset of involuntary
urine leakage during effort, exertion, sneezing, or
coughing following pelvic reconstructive surgery in
previously continent women [2]. It is hypothesized to
result from the correction of anatomical distortion,
which may have previously masked intrinsic urethral
sphincter insufficiency by creating functional urethral
kinking or compression [3,4]. Once this anatomic
obstruction is relieved surgically, latent urethral

dysfunction may manifest as overt SUI. This mechanistic

model highlights the importance of identifying
patient-specific risk factors that predispose individuals
to unmasking of occult dysfunction following prolapse
correction.

One of the most significant findings in this study
is the strong association between BMI > 27 kg/m? and
the development of de novo SUI. Obesity is known
to exert chronic intra-abdominal pressure, which can
impair pelvic floor support and contribute to urethral
hypermobility, thereby increasing the risk for stress
incontinence [13]. Wei et al.-also demonstrated that
higher BMI was a significant predictor of postoperative
SUl'in continent women undergoing vaginal prolapse
repair without anti-incontinence procedures [6]. Our
study supports these findings and further emphasizes
the role of BMI as a modifiable risk factor, which may
be addressed preoperatively through lifestyle
intervention or counseling.

Another independent predictor identified in our
cohort was chronic constipation. The repetitive
straining associated with constipation may exert
downward mechanical forces on the pelvic floor,
weakening the levator ani muscles and endopelvic
fascia, and contributing to the development of SUL.
Fatton proposed that chronic constipation can
exacerbate the functional load on the pelvic floor
and predispose to lower urinary tract dysfunction,
especially following prolapse repair [8]. In our study,
women with chronic constipation had nearly three-fold
increased odds of developing de novo SUI
postoperatively. These findings underscore the
importance of recognizing bowel dysfunction as a
potentially modifiable contributor to postoperative
morbidity.

Several variables, including younger age
(<65 years), COPD, and preoperative voiding dysfunction
symptoms, were significantly associated with de novo
SUl'in univariate analysis but did not remain significant
in the multivariate model. COPD, characterized by
chronic cough and pressure fluctuations, has
previously been suggested as a risk factor for SUl due

to repetitive stress on pelvic structures [12]; however,
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consistent associations have not been universally
observed. In our cohort, COPD demonstrated a
borderline relationship (p = 0.061), suggesting a
potential contributory effect that warrants further
investigation in larger cohorts. Similarly, the presence
of voiding dysfunction symptoms may intuitively
suggest occult lower urinary tract pathology, but their
predictive value has been questioned. Visco, et al.
found that such symptoms were not reliable indicators
of latent SUI in preoperative assessments, particularly
when urodynamic studies were not performed with
prolapse reduction [3]. Our findings align with this
evidence, as voiding dysfunction did not retain
significance after adjustment.

Althousgh this study collected comprehensive
data on POP severity across compartments (anterior,
apical, posterior), we did not identify a significant
association between POP stage and de novo SUL
However, it is important to note that the distribution
of prolapse severity was heavily skewed, with over
80% of patients presenting with advanced-stage pro-
lapse in all compartments. This significant imbalance
likely limited statistical power to detect meaningful
associations, particularly for early-stage prolapse.
According to epidemiologic principles, such disparity
in exposure categories can compromise the stability
of regression estimates and increase the likelihood of
type Il error when subgroup sample sizes are insufficient
[14]. Thus, the absence of association should be
interpreted with caution and not as definitive
evidence of no relationship. Future studies should
aim for balanced recruitment across POP stages to
more accurately assess this potential risk factor.

From a clinical perspective, our findings
highlight the value of preoperative risk stratification
in women undergoing POP surgery. Identifying patients
with elevated BMI or chronic constipation—both of
which independently predict de novo SUI—provides
an opportunity for targeted prehabilitation, including
weight optimization and bowel management. In high-risk
individuals, concomitant anti-incontinence procedures

may be considered, particularly when the risk of

untreated postoperative incontinence is likely to
impact quality of life. These interventions should be
individualized and informed by shared decision-
making, balancing the benefits of preventive strategies
with the risks of overtreatment.

Future research should focus on addressing the
limitations inherent in case-control designs, particularly
the inability to estimate absolute risk and the
underrepresentation of early-stage POP. Prospective,
multicenter studies with balanced exposure groups,
incorporation of urodynamic assessments with
prolapse reduction, and extended follow-up periods
are essential to validate these findings. Ultimately,
combining clinical predictors with objective testing
and patient-reported outcomes will be key to advancing
personalized surgical planning and improving
continence-preserving strategies in pelvic reconstructive

Care.

Conclusion

This study identified body mass index (BMI)
greater than 27 kg/m? and chronic constipation as
independent preoperative risk factors for the
development of de novo stress urinary incontinence
(SUI) following pelvic organ prolapse (POP) surgery in
previously continent women. While several other
variables—such as younger age, COPD, and voiding
dysfunction symptoms—showed significant associations
in univariate analyses, they did not retain statistical
significance after adjustment for confounders. These
findings underscore the multifactorial nature of
de novo SUI and highlight the importance of
comprehensive preoperative assessment.

Given the impact of postoperative SUI on
patient quality of life, clinicians should consider
incorporating risk stratification into preoperative
counseling and surgical planning. In patients with
elevated BMI or chronic constipation, targeted
interventions such as weight management and
bowel regimen optimization may be beneficial prior
to surgical intervention. Additionally, these risk factors

may help guide the consideration of concomitant
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anti-incontinence procedures during prolapse repair.
Future prospective studies with larger and more
diverse populations, balanced representation of POP
severity stages, and the inclusion of objective
urodynamic evaluations are warranted to validate
these findings and further elucidate mechanisms
underlying postoperative SUI. Integrating clinical,
functional, and anatomical data may ultimately
enhance individualized patient care and optimize

surgical outcomes in pelvic reconstructive surgery.
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Abstract
Background and objective: Spontaneous rupture of hepatocellular carcinoma (HCC) is a life-threatening

complication requiring urgent intervention. Existing studies have identified prognostic factors for ruptured HCC,
but a gap exists in understanding these factors in Northeast Thailand. This research aims to investigate survival
outcomes and prognostic factors in patients with spontaneous rupture of HCC treated with transarterial
embolization (TAE) in the Northeastern region.

Methods: This was a retrospective study including 163 patients with spontaneous rupture of HCC who were
treated with TAE at Srinagarind Hospital from January 2018 to December 2022. The diagnosis of spontaneous
rupture of HCC was based on clinical presentation and dynamic liver computed tomography findings. Survival
outcomes were evaluated using the Kaplan-Meier method, and Cox regression analysis was used to identify
associated prognostic factors.

Results: The median overall survival was 143 days. The 3-month, 6-month, and 12-month cumulative overall
survival rates were 60.14%, 40.06%, and 29.37%, respectively. In multivariable analysis, factors significantly
associated with improved survival included absence of comorbidity (adjusted HR 0.64; 95% Cl 0.44-0.93; p=0.018),
higher estimated glomerular filtration rate (eGFR) (adjusted HR 0.98; 95% Cl 0.98-0.99; p<0.001), lower Model
for End-Stage Liver Disease (MELD) score (adjusted HR 0.96; 95% Cl 0.93-0.99; p=0.034), and tumor location at
hepatic segment 7 (adjusted HR 0.63; 95% CI 0.40-0.99; p=0.043). Tumor location at segment 6 was associated
with poorer survival (adjusted HR 1.60; 95% CI 1.05-2.44; p=0.028). The absence of inotropic or vasopressor
drug use was not significantly associated with survival in multivariable analysis.

Conclusion: TAE is an effective initial treatment for patients with spontaneous rupture of HCC. Favorable
prognostic factors identified in this study included absence of comorbidity, higher eGFR, lower MELD score, and
tumor location in hepatic segment 7, whereas tumor location in segment 6 was associated with poorer

survival. Early TAE (<24 hours) demonstrated a trend toward improved survival.

Keywords: Spontaneous rupture of hepatocellular carcinoma, transarterial embolization, survival outcome,

prognostic factors, retrospective study
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Introduction

Hepatocellular carcinoma (HCC) is the most
common primary liver malignancy and remains a
major global health burden. According to global
cancer statistics, HCC ranks sixth in incidence and is
the third leading cause of cancer-related mortality
worldwide [1]. In Thailand, HCC is one of the most
common cancers, particularly among males, largely
driven by the high prevalence of chronic hepatitis B
infection and increasing alcohol consumption [1,2].

The major risk factors for HCC include chronic
hepatitis B and C infection, liver cirrhosis, and chronic
alcohol use [1]. In Thailand, chronic hepatitis B infection
remains an important contributor to disease burden.
Spontaneous rupture of HCC is a life-threatening
complication. Previous studies have reported that this
condition occurred in up to 16% of HCC patients, with
about 10% of patients succumbing to severe
complications [2].

Currently, there are several methods for treating
patients with spontaneous rupture of HCC, including
surgery, TAE, or conservative treatment [3,4]. Previous
studies have identified multiple factors influencing
prognosis in patients with ruptured HCC, such as
hematocrit level, tumor size, Child-Pugh classification,
shock, embolic material, tumor extension, or portal
vein thrombosis [3-6]. Therefore, this study aims to
evaluate survival outcomes and prognostic factors in
patients with spontaneous rupture of HCC treated

with TAE at Srinagarind Hospital, Khon Kaen University.

Materials and methods

This study was a retrospective observational
study conducted at Srinagarind Hospital, Khon Kaen
University. Of the 174 patients diagnosed with
spontaneous rupture of hepatocellular carcinoma
(HCC) and treated with transarterial embolization
(TAE), 163 patients were included in the analysis
based on predefined inclusion and exclusion criteria.

Spontaneous rupture of HCC was defined based
on clinical presentation and imaging findings, including

one or more of the following: active contrast extravasation

from the tumor, focal discontinuity of the tumor
capsule, or hemoperitoneum adjacent to the tumor
without other identifiable causes. Both patients with
active bleeding and those with contained or
concealed rupture without hemodynamic instability
were included.

Eligible patients were required to be aged 18
years or older, have spontaneous rupture of HCC
treated with TAE, and have complete clinical and
imaging data available in the medical records and
hospital electronic database. Patients who were
treated with other modalities such as transarterial
chemoembolization (TACE), had incomplete medical
records, or lacked adequate imaging data were
excluded.

Data were retrospectively collected from the
hospital database, electronic medical records, and
picture archiving and communication system (PACS)
between January 2018 and December 2022. Collected
variables included demographic characteristics,
comorbidities, laboratory parameters, hepatitis profile,
liver function tests, renal function (eGFR), coagulation
profile (INR), Child-Pugh classification, and MELD
score. Radiological data included tumor size, tumor
location, portal vein thrombosis, number of tumors,
and tumor extension. Clinical data included survival
time, time from CT to TAE, time of death, and
subsequent transarterial chemoembolization (TACE).
AWl study data were systematically collected and
managed using Research Electronic Data Capture

(REDCap) at Khon Kaen University.

TAE procedure

First, active fluid resuscitation, blood transfusion,
and other supportive treatments, including the
correction of coagulopathy, were initiated in
hemodynamically unstable patients. TAE was
performed by experienced interventional radiologists
at our center.

The modified Seldinger’s technique involved
accessing the common femoral artery with the

placement of a 5-Fr sheath. Visceral angiography was
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performed using diagnostic Yashiro catheter, 5-Fr.
Shepherd catheter, 5 Fr. Sidewinder catheter, or 5-Fr.
Cobra catheter, along with lohexol 350 (Omnipaque)
or lodixanol 320 (Visipaque) contrast media. This was
done to outline hepatic arterial anatomy, confirm the
patency of the portal vein, and define the site of
bleeding.

The hepatic artery was then superselectively
catheterized coaxially using various microcatheters,
including a 2.7 Fr. Progreat, 2.0 Fr. Estream, 2.1 Fr.
Merit maestro, 2.4 Fr. Boston Scientific Renegade, or
a 1.98 Fr. ASAHI Parkway microcatheter.

Subsequently, embolization was performed
using a Gelatin sponge or a combination with a
polyvinyl alcohol particles (PVA) mixture, which was
manually administered via the branch of the feeding
hepatic artery. Post-embolization angiograms were
then conducted (Figure 1).

After the embolization procedure, the patient

was transferred to the Intensive Care Unit (ICU) and

was under the care of the primary physician.

Figure 1 A 35-year-old man, known case hepatitis B
infection, presented with spontaneous ruptured HCC.
(A, B) Triple phase CT scan shows focal wall disruption
of HCC [yellow arrow] with active contrast extravasation
[white arrow] and diffuse hemoperitoneum [blue
arrow]. (C) Angiogram shows hypervascular lesion with
active contrast extravasation. (D) Post embolization

reveals disappearance of the contrast extravasation.

Statistical analysis

All data were analyzed using STATA statistical
software, Version 18. For all statistical purposes,
p < 0.05 was considered statistically significant.
Descriptive statistics were used to describe patient
demographic data. Categorical data were presented
as numbers and percentages, while continuous data
were presented as mean, standard deviation, median,
and range. Overall survival was analyzed using
Kaplan-Meier curves and the Cox regression model
with subgroup analysis. Variables with p < 0.1 in
univariable analysis and clinically relevant variables
were included in the multivariable Cox regression

model.

Ethical consideration

This study was approved by the Ethics
Committee for Human Research at KKU. The research
number is HE661292. Patient identities were

concealed, and they were sorted by number.

Results

Demographic data

In total, 163 patients with spontaneous
ruptured HCC were included in this study. Demographic
data of patients, classified by age, sex, comorbidities,
Hepatitis profile, Child-Pugh classification, Hematocrit
level, Platelet count, Inotrope or Vasopressor drug
usage, Bilirubin level, eGFR, INR, and MELD score, are
presented in terms of frequency, median, and

percentage distribution (Table 1).
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Table 1 Demographic and clinical data of study population (n=163)

Characteristic

Number (%)

Age (year), Median (IQR)
Sex
Male
Female
Comorbidities
None
Yes
Diabetes mellitus
Hypertension
Dyslipidemia
Hepatitis profile
Hepatitis B
Hepatitis C
Negative
Child-Turcotte-Pugh class
Class A
Class B
Class C
Hematocrit level (Median, IQR)
Platelet (Median, IQR)
Inotrope or Vasopressor drug
Used inotrope or Vasopressor drug
No Inotrope or Vasopressor drug
Total Bilirubin (Median, IQR)
eGFR (Median, IQR)
INR (Median, IQR)

MELD score

59 (52,64)

143 (87.73)

20 (12.27)

77 (47.24)
86 (52.76)
27 (16.56)
42 (25.77)

4(2.48)

81 (49.69)
51(31.29)

33(20.25)

23 (14.11)
133 (81.60)
7(4.29)
26.5(21.9, 30.8)

171,000 (122,000, 245,000)

37 (22.70)
126 (77.30)
1.1 (0.6, 1.7)

62.5 (41.4, 90.6)
1.22 (1.1, 1.42)

13.9 (10, 18.52)

The CT findings, including tumor size, tumor

location, portal vein thrombosis, number of tumors,

and tumor extension, are also presented by frequency,

median, and percentage distribution (Table 2).
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Table 2 CT findings (n=163)

Findings Number (%)
Tumor size (Median, IQR) 7.8 (5.4,10.4)
Tumor location
Hepatic segment 1 2(1.23)
Hepatic segment 2 20 (12.27)
Hepatic seement 3 24 (14.72)
Hepatic segment 4 29 (17.79)
an 4(13.79)
4B 10 (34.48)
4A/4B 15 (51.72)
Hepatic segment 5 59 (36.20)
Hepatic segment 6 59 (36.20)
Hepatic segment 7 45 (27.61)
Hepatic segment 8 65 (39.88)
Portal vein thrombosis
Absent 57 (34.97)
Present 106 (65.03)
Vpl 21 (19.81)
Vp2 44 (41.51)
Vp3 36 (33.96)
Vpd 5(4.72)
Number of tumors
Single 42 (25.77)
Multiple 121 (74.23)

1.00

0.754

0.504

Overall survival probability

0.254

0.00

T T T T T T T
0 20 40 60 80 100 120
Time (months)

Primary outcome

The median overall survival time was 143 days
(4.75 months). The 3-month, 6-month, and 12-month
cumulative overall survival rates were 60.149%,

40.06%, 29.37%, respectively (Figure 2).

Figure 2 Kaplan-Meier curve showing overall survival
of patients with ruptured hepatocellular carcinoma.
The x-axis represents follow-up time in months, and

the y-axis represents overall survival probability.

Secondary outcome

In multivariable Cox regression analysis, factors
significantly associated with improved survival included
absence of comorbidity (adjusted HR 0.64; 95% Cl
0.44-0.93; p=0.018), higher eGFR (adjusted HR 0.98;
95% Cl 0.98-0.99; p<0.001), and lower MELD score
(adjusted HR 0.96; 95% Cl 0.93-0.99; p=0.034).

Regarding tumor location, lesions in hepatic
segment 7 were associated with improved survival
(adjusted HR 0.63; 95% Cl 0.40-0.99; p=0.043), whereas
lesions in segment 6 were associated with poorer
survival (adjusted HR 1.60; 95% ClI 1.05-2.44; p=0.028).

The absence of inotropic or vasopressor drug
use was not significantly associated with survival in
multivariable analysis (adjusted HR 0.72; 95% Cl
0.47-1.09; p=0.12).

Other variables, including sex, hepatitis profile,
Child-Turcotte-Pugh classification, hematocrit level,
platelet count, total bilirubin, INR, tumor size, other
tumor locations, portal vein thrombosis, tumor number,
and tumor extension, were not significantly associated
with survival. The results of the multivariable Cox
regression analysis are summarized in Table 3 and

illustrated in Figure 3.
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Table 3 Univariable and multivariable Cox regression analysis of factors associated with overall survival

Univariate Multivariate
Factors HR 95% Cl p-value Adjusted 95% CI  p-value
HR
Comorbidity

No Ref. Ref.

Yes 0.91 0.65-1.27 0.58 0.64 0.44-0.93 0.018
Inotropic/vasopressor use

Yes Ref. Ref.

No 0.64 0.44-0.95 0.025 0.72 0.47-1.09 0.12
eGFR 0.99 0.98-0.99 <0.001 0.98 0.98-0.99  <0.001
MELD score 1.01 0.98-1.03 0.617 0.96 0.93-0.99 0.034
Tumor location

Segment 6 1.17 0.83-1.64 0.377 1.60 1.05-2.44 0.028

Segment 7 0.80 0.55-1.16 0.237 0.63 0.40-0.99 0.043

|
Comorbidity } = ! :
I
1
Mo Inotrope/Vasopressor f = : !

1
1
" GFR q:
g |
o 1
MELD score |'.‘|:
\
1

Tumor location: Segment 6 1} B |
1
I
Tumor location: Segment 7 f = I:
1

04 0.6 0.8 1!0 15 2.0 25

Adjusted Hazard Ratio (log scale)

Figure 3 Forest plot of multivariable Cox regression analysis demonstrating adjusted hazard ratios (HRs) with

95% confidence intervals (Cls) for prognostic factors associated with overall survival. The vertical dashed line

represents a hazard ratio of 1.0.
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We observed that patients who received TAE
earlier tended to have improved survival, as
demonstrated in Figure 5. The distribution of time
from CT to TAE is presented descriptively in Table 4
and Figure 4. After the initial embolization, 15 patients
died within 7 days due to various causes such as
hepatic failure, hepatorenal syndrome, or re-bleeding.
Thirty-one patients underwent further transarterial
chemoembolization (TACE), and 19 patients were still

alive at the last follow-up in this study.

Table 4 Time from CT to TAE and probability of re-

maining untreated

Probability of
remaining

untreated (%)

Time from CT
to TAE (hours)

To further evaluate the impact of treatment
timing, Kaplan-Meier survival curves were constructed
comparing early TAE (<24 hours) and delayed TAE
(>24 hours) (Figure 5). Patients who underwent early
TAE demonstrated a trend toward improved overall
survival compared to those who received delayed
treatment. However, the difference was not statistically
significant (log-rank p = 0.397).

In Cox regression analysis, early TAE was
associated with a lower hazard of death, although this
did not reach statistical significance (HR 0.85; 95% Cl
0.59-1.23; p = 0.400).

1.00

0.75

—— Early TAE (<24 h)
—— Late TAE (>24 h)

0.50

0.25

Overall survival probability

0.004

T T T T T T T
0 10 20 30 40 50 60
Time (days)
Number at risk
Late TAE (>24h) 45 7 2 1 1 1 0
Early TAE (£24n)118 27 8 [§ 4 1 0

1 97.55(93.59, 99.07)
20 51.43 (43.36, 58.91)
40 16.99 (11.31, 23.66)
60 5.27 (2.23, 10.24)
80 5.27 (2.23, 10.24)
100 3.16 (0.94, 7.75)
120 1.05(0.10, 5.01)
1.004 H\
0.75+ : :LLL
1
0.50 1
5 1
E 0.254 ~
0.004 - e
1v 2‘0 4‘0 éo 80 100 1 éO 1;0
Time from CT to TAE (hours)
Number at risk 163 83 23 ] 5 3 2 0

Figure 4 Kaplan-Meier curve showing the distribution
of time from CT diagnosis to transarterial embolization
(TAE). This analysis is presented for descriptive
purposes to illustrate treatment timing. The x-axis
represents time from CT to TAE in hours, and the

y-axis represents the probability of remaining untreated.

Figure 5 Kaplan—-Meier survival curves comparing
overall survival between early and delayed transarterial
embolization (TAE). Early TAE was defined as treatment
within 24 hours of CT diagnosis, whereas delayed TAE
was defined as treatment after 24 hours. The x-axis
represents follow-up time in days, and the y-axis
represents overall survival probability. The number
of patients at risk at each time point is shown below
the graph. The difference between groups was not

statistically significant (log-rank p = 0.397).

Discussion
Spontaneous rupture of HCC is a life-threatening
condition, and TAE is considered the first-line
treatment for this condition. In a previous study in
South Korea, Shin, et al. [3] reported that TAE was an
effective treatment modality for patients with

ruptured HCC revealing a median survival time of
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179.6 days. The 1-month, 3-month, 6-month, and
12-month survival rates were 75%, 54%, 48%, and
43%, respectively. Another study in China, conducted
by Zhou, et al. [4], showed a median overall survival
time of 208 days, with 6-month, 1-year, and 2-year
cumulative overall survival rates of 50.3%, 35.9%, and
14.7%, respectively. In our study, we found that the
median overall survival time was 143 days.
The 3-month, 6-month, and 12-month cumulative
overall survival rates were 60.14%, 40.06%, and
29.37%, respectively.

However, another study in Thailand by
Chaiyasoot, et al. [2] found a median overall survival
time of 81 days, with cumulative overall survival rates
at 1-month, 3-month, and 6-month being 46.7%,
28.9%, and 17.8%, respectively.

There is variation in the survival outcomes of
TAE in patients with spontaneous rupture of HCC, and
this could be attributed to differences in the
demographic composition of patient populations.
Genetic, lifestyle, and cultural factors may play a
significant role in contributing to variations in
treatment outcomes. Moreover, variability in the
overall health status of patients included in the
studies could impact outcomes. Differences in
comorbidities, disease severity, and baseline health
conditions may also be influencing factors. Additionally,
the skill level and experience of the interventional
radiologists performing the procedures may vary
between regions. Variances in technical proficiency
can affect the success rates of interventions.

Previous studies have identified several factors
associated with favorable prognosis in patients with
spontaneously ruptured HCC treated with TAE. These
factors include higher hematocrit level, smaller tumor
size, Child-Pugh class A or B, absence of shock on
admission, use of gelatin sponge as an embolic
material, tumor confined to a single lobe, and
absence of portal vein thrombosis [3-6].

In the present study, significant factors associated
with improved survival included absence of

comorbidities, higher eGFR, lower MELD score, and

tumor location in hepatic segment 7, whereas tumor
location in segment 6 was associated with poorer
prognosis.

Interestingly, comorbidity was not significant in
the univariable analysis but became significant in the
multivariable model, suggesting the presence of
confounding. This may be explained by its close
association with liver function and renal parameters,
particularly MELD score and eGFR, which were adjusted
in the multivariable analysis.

Similarly, MELD score was not significant in the
univariable analysis but became significant in the
adjusted model with an apparent protective effect.
This unexpected finding may reflect collinearity
among MELD components and renal function
variables, as well as residual confounding inherent to
retrospective data. These findings are partially
consistent with previous studies from China [4,5],
as well as in South Korea [3,7].

The more favorable outcome observed in
tumors located in segment 7 may be explained by its
posterior anatomical location, where surrounding
structures may provide a tamponade effect that helps
limit hemorrhage. In contrast, lesions in segment 6
are more likely to rupture into the peritoneal cavity,
particularly in the absence of surrounding tissue
support, resulting in more severe hemoperitoneum
and worse clinical outcomes. However, this study
shows that hematocrit level, tumor size, Child-Pugh
classification, tumor extension, or portal vein thrombosis
are not statistically significant factors.

In our study, a substantial proportion of patients
underwent TAE within the early time intervals following
CT diagnosis. As shown in Table 4 and Figure 4, the
probability of remaining untreated decreased rapidly
over time, suggesting that most patients received TAE
within the initial hours after diagnosis. This pattern
highlights the real-world treatment pattern and
emphasizes the importance of timely management
in patients with ruptured HCC.

Early TAE demonstrated a trend toward
improved survival; however, this did not reach statistical
significance. The early separation of survival curves

suggests that prompt intervention may reduce early
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mortality, likely by achieving rapid hemostasis and
preventing hemodynamic deterioration. However, the
lack of statistical significance may be explained by
limited sample size and heterogeneity in baseline
patient conditions. The convergence of survival curves
over time indicates that long-term outcomes are more
strongly influenced by underlying liver function and
tumor burden rather than timing of intervention

alone.

Figure 6 A 45-year-old male, known case alcoholic

cirrhosis, presented with abdominal pain. (A, B) His
triple phases show ruptured HCC at hepatic segment
6/7 (white arrow) with diffuse hemoperitoneum (blue
arrow). (C) The angiogram revealed a large HCC with
active contrast extravasation. (D) After embolization,
a single-shot scan showed no active contrast
extravasation.

There are some limitations in this study. Firstly,
it has a small sample size and is a retrospective study
in which the treatment modality was determined
based on the patient’s condition and their physician’s
discretion, potentially leading to selection bias.
Secondly, the primary hospital did not obtain accurate
baseline data such as hematocrit levels, vital signs at
the patient’s initial hospital visit, or Child-Pugh
classification. Future studies with a larger sample size
and more accurate collection of laboratory findings

and clinical data should be conducted.

Conclusion

TAE is an effective initial treatment for patients
with spontaneous ruptured HCC, providing favorable
clinical outcomes and improving short-term survival.
Favorable prognostic factors identified in this study
included absence of comorbidity, higher eGFR, lower
MELD score, and tumor location in hepatic segment
7, whereas tumor location in segment 6 was associated
with poorer survival.

Early TAE (<24 hours) demonstrated a trend
toward improved survival compared with delayed
treatment; however, this difference did not reach
statistical significance. The early separation of survival
curves suggests a potential benefit of prompt
hemostasis in reducing early mortality. Therefore,
timely intervention may be clinically beneficial,
although further studies with larger sample sizes are

required to confirm this association.
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Abstract

Background and objectives: Diabetes mellitus is a chronic condition characterized by the body’s inability to
effectively regulate blood glucose levels, which, if left unmanaged, can lead to severe systemic complications.
This study aimed to investigate operational problems, develop and implement a problem-based model, and
evaluate the effectiveness of an intervention program designed to promote Diabetes Remission.

Methods: This study employed a Research and Development (R&D) design. The sample consisted of 220
multidisciplinary team members and health volunteers, along with 4,031 diabetic patients participating in the
project. Data were collected using questionnaires, record forms, and semi-structured interview guides. Statistical
analysis included frequency, percentage, mean, standard deviation, and paired t-test (at a 95% confidence
interval), supplemented by content analysis for qualitative data.

Results: 1) The situational analysis of diabetes care in Roi-Et Province identified challenges across four
dimensions: patient and social context, service providers, service management systems, and resources/medical

2

supplies. 2) The developed “Problem-Based Diabetes Remission Model” comprised key activities: identifying
eligible candidates, collaborative goal setting, skill-building schools, technology-assisted monitoring, clinical
multidisciplinary teams for medication adjustment, motivation and network building, and intensive follow-up.
3) Post-intervention results showed that patients’ self-care behavior scores were significantly higher than pre-in-
tervention levels across all domains (p<0.001). Among the participants who completed the 3-month evaluation
(n = 2,261), 1,004 patients (24.91% of total participants) achieved Diabetes Remission, defined as maintaining
an HbAlc < 6.5% without medication for at least 3 months. Furthermore, 30.22% (1,218 patients) achieved
Medication Reduction. Regarding clinical stability and safety, 30.79% maintained stable medication levels, while
only 0.45% required a dosage increase, and the loss-to-follow-up rate was remarkably low at 0.27%.

Conclusion: Promoting diabetes remission through intensive skill training and close monitoring significantly
improves self-care behaviors. This approach effectively enables patients to achieve disease remission and reduce

reliance on pharmacological treatments.

Keywords: diabetes remission, problem-based learning, health network, self-care behavior
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wagmsAnnuszezeriduluegndiiy vareuunuidn
19U American college of lifestyle medicine guideline
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curriculum) 4) Tdwmaluladtioniuna (digital health)
5) fiuguauaznsuTuane (remission clinic) 6) as1eadla
WazLA38UY (Motivation and community support) Lag
7) Anaunasgdlnadn (monitoring)

nan1sUsziunaguuumMsidunuiiodsady
n1sauadUiglsaiuimuliidngssuzasu (diabetes
remission) Ineldtaymndugiu wuin

nauiieg19d1wIU 4,031 378 dulng Juinemds
($ovaz 62.0) flongiade 54.2 + 8.5 U qunsnwszdy
Uszoufnwvidesindy (Fewar 58.0) uazusznauendn
RNy (Geway 32.0) 1eldadssndt 10,000 um
st Favar 60.0) Tuliiduguain wutotsinsedtn
fidaysionsvin diabetes remission el szezan
nsaiiulsa (duration of DM): NgusIBg1alsEeLiIaN
msdulsaedeifios 1.8 + 3.2 U 429 0.5-5 1) Jedney
Tungu “early diagnosis” fiilemaitigszeglsnasuligs
amglarunns (nutritional status) naudeE YA
fiamshvdnidusezdan Tnednlng dususziv 1
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Wmsnendnlunisineidienisuiuiudeungingsy
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= a o . .
ATUATUNITNIVFAT 2569; 41(2) @ Srinagarind Med J 2026; 41(2) 189



' a n(
e Tnasiiu uag nsain Wagns e Wittaya Kotrtan and Kornnika Polrit

A5 1 MsiUeuiisuaziulafenginTsunsauanueasiUislsaluvugilan 2 Midrsiulasinis lagsu

waztdus1esu noukarrdanIswaLl (n = 4,031)

fauds n Mean £ SD Mean differences 95%Cl p-value
ms%’uﬂszmummi
NBUNITWAILN 4,031 2.25+0.89 2.16 212,219 <0.001
PAINITHRIUN 4,031 4.40+0.82
A1999NA1AINTY LaZAINTIY
19N
ADUNITWAIUN 4,031 2.24+0.90 2.15 211,219 <0.001
PRINITWAIU 4,031 4.39+0.82
A15AANITAULATYA
ADUNITWILN 4,031 2.26+0.97 2.14 2.10, 2.18 <0.001
PRINITNAIU 4,031 4.38+0.81
A5 AT ANTIUNITATID
AnnIu
NBUAITWAILN 4,031 2.25+0.84 2.12 2.08, 2.17 <0.001
PAINITWRIUN 4,031 4.37+0.83
ﬂ’]iﬁql’ﬂﬂ’lﬁl,ﬁaL%‘U‘I'J’QEJLLaS@JLLa
ﬁuLaQLLU‘UENﬁi’J%J
ABUNITWUN 4,031 2.24+0.96 2.14 2.10, 2.18 <0.001
PAINITHRIUN 4,031 4.39+0.91
Tagsau
ADUNITWAIUN 4,031 2.24+0.96 2.14 2.10, 2.18 <0.001
PRINITWRIU 4,031 4.38+0.79
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Wavie 83,453 118 1u 20 §1Lne WU ffUreadnsla
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Wissdowas 0.27 (15197 2)
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yrumeidaiing lnsewedumassi anuuduswesnduiifodiuas wranuilunamduiihelsaengaiuiess

Adnfny: Lsadananiy, nsnsedumelniiinssuanseiunglnanfsye, aussaninmianig

Abstract
Backeround and objective: Transcranial direct current stimulation (tDCS) has been shown to increase physical

performance in both healthy adults and older individuals. However, research on tDCS in COPD is limited.
Therefore, the objective of this study was to investigate the effects of tDCS on functional fitness in patients
with COPD.

Methods: A randomized, double-blind, sham-controlled trial was conducted. Participants received either active
or sham tDCS applied over the primary motor cortex for 20 minutes daily for five consecutive days. Functional
fitness outcomes including Single-Leg Stance (SLS), Time Up and GO test (TUG), Five-Times Sit-to-Stand tests
(FTSST), 4-meter gait speed test (4AMGS), and hand-grip strength (HGS) were assessed at baseline, post-treatment,
and at 1-week follow-up.

Results: Compared with the sham group, the active tDCS group demonstrated significantly greater improvements
in the SLS, FTSST, and HGS of right hand at post-treatment (p < 0.05). Improvement in the FTSST was maintained
at follow-up. 4MGS also improved in the active tDCS group (p < 0.05). However, the TUG did not demonstrate
statistically significant changes following the intervention in either within-group or between-group analyses
(p > 0.05).

Conclusion: Multi-session tDCS applied over the primary motor cortex enhanced functional fitness, particularly

balance, lower-limb functional strength, and gait speed in patients with COPD.

Keywords: obstructive lung disease, transcranial direct current stimulation, physical performance
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Introduction

Chronic obstructive pulmonary disease (COPD)
is characterized by chronic inflalnmation and oxidative
stress that lead to chronic bronchitis and emphysema,
resulting in structural and functional alterations of
the lung, including airflow limitation, pulmonary
hyperinflation, and dyspnea [1]. Furthermore, systemic
inflammation and oxidative stress are associated with
the ubiquitin-proteosome pathway and caspase-3
activation that lead to muscle atrophy in patients with
COPD [2]. Alterations in muscle fiber composition and
muscle atrophy contribute to reductions in muscle
strength and endurance in patients with COPD,
constituting important components of skeletal muscle
dysfunction [3]. Skeletal muscle dysfunction is
a critical systemic manifestation in COPD that contributes
to impaired functional fitness [4]. Various domains of
functional fitness including muscle strength, muscle
endurance, agility, balance, and gait speed, have been
reported to decline in patients with COPD [4-71].

Furthermore, brain structure and function are
altered by hypoxia and chronic inflammation, leading
to neuronal damage in patients with COPD [8].
Interestingly, peripheral muscle weakness is associated
with alterations of the central nervous system in
patients with COPD [9]. Specifically, hypoexcitability
of the corticospinal pathway has been linked to
reduce muscle activity in this population [9]. Given
the role of corticospinal hypoexcitability in muscle
weakness, transcranial direct current stimulation
(tDCS) may provide a novel therapeutic approach by
modulating cortical excitability to enhance functional
fitness in COPD patients [9-11].

Transcranial direct current stimulation (tDCS) is
a non-invasive neuromodulation technique that
adjusts resting membrane potential depending on the
polarity of the applied electrode (anodal or cathodal)
[12]. A previous study demonstrated that 10 minutes
of anodal tDCS applied to the motor cortex over the
leg area increased the excitability of the corticospinal
tract to the tibialis anterior muscle [13]. In 2020,

Rostami and colleagues reported that 20 minutes of

anodal tDCS applied daily for five days to the
primary motor cortex (M1) improved lower extremity
functional performance in older adults [14]. Similarly,
other studies have found that anodal tDCS enhances
walking speed, muscle strength, and balance in
patients with multiple sclerosis and in older adults
[15,16]. However, the effect of tDCS on functional
fitness in patients with COPD remains limited. Therefore,
we hypothesized that anodal tDCS would enhance
central motor drive, thereby improving functional
fitness in patients with COPD. The objective in this
study was to investigate the effect of five-session
anodal tDCS on functional fitness in patients with

COPD.

Methods

Study design

This randomized, double-blind, sham-
controlled trial involved the equal allocation of
thirteen participants with COPD into two groups: the
sham tDCS and the active tDCS groups, thereby
ensuring a 1:1 balance for forced expiratory volume
in the first second (FEV1)/forced vital capacity (FVQ).
The study lasted approximately 14 days and was
divided into four distinct phases (Figure 1). The first
phase was a baseline assessment of functional fitness.
The second phase consisted of a five-day tDCS treatment
session. After the final tDCS session, the third phase
involved post-treatment assessments of the same
outcome. The final phase was a follow-up assessment,
performed seven days after the final tDCS session and
included the same measures. All adverse events were
monitored in all phases of the study. Throughout the
study, participants did not receive any additional
rehabilitation or exercise intervention and continued
with their usual activities, allowing for the monitoring
of their natural behavior and providing a more

accurate representation of their daily routine.
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Figure 1 Timeline of study

Sample size

The sample size for this study was calculated
using the formula for a randomized controlled trial
to indicate a difference between two groups, based
on the primary outcome (Timed Up and Go test) in
older adults [14]. According to Rostami et al., the
reported mean difference and pooled standard
deviation yielded an estimated effect size (Cohen’s
d) of approximately 0.85 [14]. We provide a minimum
of 80% power to identify a significant difference
between groups. This calculation allowed for a type
| error rate of 0.05 and considered a 20% dropout
rate. Therefore, the final sample size was 13 participants

for each eroup.

Participant recruitment and informed consent
Participants were recruited from December
2024 to February 2025 via advertisements at Nong
Ruea Hospital and Phra Yuen Hospital in Khon Kaen
Province, Thailand. The diagnosis of COPD was made
by physicians according to the Global Initiative for
Chronic Obstructive Lung Disease (GOLD) guidelines
[17]. Inclusion criteria were participants who met the
following: (a) post-bronchodilator FEV1/FVC < 70%;
(b) post-bronchodilator FEV1 30-80% of predicted
value; (c) age 40-85 years old; and (d) non-regular
exercise (<3 times/week and <30 min/day). Exclusion
criteria were participants who met the following: (a)

other respiratory diseases (such as asthma, bronchiectasis,

and pulmonary hypertension); (b) acute exacerbation
within 2 months before starting studies; (c) congestive
heart failure; (d) angina pectoris; (e) third-degree A-V
block; (f) neuromuscular conditions (such as herniat-
ed disc and lumbar stenosis); (g) metallic implants
near the electrode pacemaker; and (h) a history of
neurological disorders (such as stroke and parkinson’s
disease). Before the commencement of the study,
each participant underwent a medical history review
and physical examination by a chest medicine
specialist to identify any health issues. The study was
conducted in accordance with the Declaration of
Helsinki and was approved by the Khon Kaen University
Ethics Committee for Human Research (identifier
number: HE651421). All participants provided written
informed consent. This study was registered with the
Thai Clinical Trials Registry (TCTR20241111001; first
registered on 11 November 2024; https://www.thai-
clinicaltrials.org/show/TCTR20241111001).

Randomization and blinding

After obtaining informed consent and completing
baseline assessments, the researcher allocated a
sequential identification number to each participant
and provided a research assistant with participants’
results of FEV1/FVC, and FEV1 % predicted. The
research assistant then generated a computerized
allocation schedule that balanced FEV1 % predicted

among the treatment conditions. Participants were
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randomized in a 1: 1 ratio to groups A or B and were
instructed to continue their routine medication
regimen throughout the trial. Participants were
blinded to whether they received active or sham
stimulation. Moreover, the assessor of outcomes was
blinded to participants’ clinical context and treatment

allocation.

Transcranial direct current stimulation procedure
The transcranial direct current stimulation
(tDCS) was applied using wet electrode pads (5 x 7 cm)
connected to a battery-powered device (ProtableT-
DCS, Khon Kaen, Thailand) with a maximum output
of 2 mA. Anodal tDCS targeted the left primary motor
cortex (M1 or C4 according to the international 10-20
EEG system), known for its role in neuronal plasticity
related to motor function, following the 10-20
electrode placement system. The cathode was placed
on the right shoulder. The stimulation protocol
consisted of 20 minutes of tDCS, including 30 seconds
of ramp-up and ramp-down periods before and after
applying a 2-mA direct current, administered once
daily for 5 consecutive days. The tDCS device also
supported masked (sham) stimulation, where the
control switch was obscured by an opaque adhesive
during stimulation, masking it from participants.
Additionally, the power indicator visible to partici-
pants was illuminated during both active and sham
stimulations. In the sham condition, however, the

current was stopped after 30 seconds.

Outcome measurement

Functional fitness in this study consists of the
Single-Leg Stance test (SLS), the Time Up and Go
(TUG) test, the Five-Time Sit-to-Stand Test (FTSST),
the d-meter Gait Speed test (4AMGS), and the Hand
Grip Strength test (HGS).

The SLS was evaluated for static balance, in
which participants stood on one leg with unsupported
knee flexion at 90° as long as possible with their eyes
open. Time was recorded until the leg touched the

floor or subsequently after 120 seconds. Finally, the

mean of three measurements was used for analysis
[18].

The TUG was evaluated for dynamic balance
and agility. Participants stood up from the chair and
walked 3 meters, then returned to sit down as quickly
as possible. Time was recorded from the moment
participants stood up until they were completely
seated. The mean of three-time measurements was
calculated to evaluate this field study [19].

The FTSST was evaluated for lower extremity
strength. Participants were instructed to cross their
arms over their chest and sit in a position on an
armless chair. Then, the assessor told participants to
stand and sit for five repetitions as quickly as possible.
The time was recorded when the assessor said “Go”
and stopped at the buttocks of participants touching
the seat following the fifth stand [20].

The 4MGS was evaluated for gait speed [21].
Participants were instructed to walk at a comfortable
or normal pace, and their times were recorded at a
4-meter timing zone or after a 2-meter acceleration
zone and before a 2-meter deceleration zone, respectively
[21]. Participants were assessed during two walking
conditions—a comfortable pace and a rapid pace-with
each condition repeated three times [21]. The velocity
was calculated by dividing distance by time, and the
mean velocity of three measurements was determined
to assess both usual and maximum walking speed in
this study [21].

The HGS was assessed as a measure of upper
limb muscle strength using a handgrip dynamometer
[22]. Participants were seated in a chair with the elbow
of the assessed arm flexed at 90 degrees and instructed
to squeeze the dynamometer as forcefully as possible.
Each hand was tested three times, and the highest

value from each side was recorded [23].

Statistical analysis

All statistical analyses were performed using
SPSS version 29.0 (IBM Corp., Armonk, NY, USA). This
study used the Shapiro-Wilk test to assess the

normality of data distribution. Baseline anthropometric
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and physiological characteristics are presented as
mean = standard deviation (SD). Data of functional
fitness are presented as mean + standard error (SE).
Between-group comparisons at post-treatment and
follow-up were conducted using repeated-measures
ANCOVA, with baseline values included as covariates
to adjust for baseline differences. Within-group changes
across baseline, post-treatment, and follow-up
assessments were also analyzed using repeated-
measures ANCOVA. Statistical significance was set at

b < 0.05.

o0 volunteers assessed

for eligibility

26 enrolled participants :

1 : 1 Randomization

13 participants assigned to sham tDCS

5 consecutive days 2mA sham tDCS
over left M1 for 20 minutes

13 participants:
Past test

13 participants:
Follow up test and Completed the study

Figure 2 Flow of participants

Results

A total of ninety patients with COPD were
screened for eligibility. Sixty-four patients were
excluded for the following reasons: fifty-three
presented with mild COPD, two had experienced an
exacerbation within the previous two months, one
had congestive heart failure, and eight declined to
participate. Ultimately, twenty-six patients met the
inclusion criteria and provided informed consent.
These participants were randomly allocated to either
the sham tDCS group or active tDCS group, as shown
in Figure 2.

Baseline characteristics of the two groups are
summarized in Table 1. No significant differences were
observed between groups in demographic or clinical
parameters, including age, body mass index (BMI),
blood pressure, heart rate, respiratory rate, FEV,,
FEVl% predicted, FVC, FVC% predicted, and FEVl/FVC
ratio, (p > 0.05).

64 excluded:
= 53 patients were classified as having mild COPD.
= 2patients had exacerbated.
1 patient had congestive heart failure.
«  Epatients declined to participate.

13 participants assigned to active tDCS

5 consecutive days 2mA active tDCS

over left M1 for 20 minutes

13 participants:
Post test

13 participants:

Follow up test and Completed the study
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Table 1 Baseline anthropometric and physiological characteristics of participants

Sham tDCS Active tDCS group p-value
(n =13) (n =13)
Age (yr) 67.23 + 8.04 72.62 + 7.51 0.09
BMI (kg/m?) 19.91 + 3.58 20.98 +4.18 0.494
RR (bpm) 19.38 + 3.20 20.00 + 3.65 0.652
HR (bpm) 85.46 + 15.54 85.84 + 7.74 0.937
SBP (mmHg) 134.92 + 9.57 127.84 + 21.74 0.293
DBP (mmHg) 78.00 + 9.26 74.23 + 12.14 0.191
FEV /FVC 50.63 + 8.89 49.64 + 7.40 0.760
FEV, (L) 1.50 + 0.48 1.26 + 0.39 0.188
FEV %predicted 58.23 + 15.96 56.30 + 12.52 0.736
FVC (L) 2.96 + 0.75 2.52 +0.62 0.124
FVC% predicted 92.54 + 24.42 89.76 + 14.72 0.729

Data are presented as mean + SD. BMI, body mass index; RR, respiratory rate; HR, heart rate; SBP, systolic blood

pressure; DBP, diastolic blood pressure; FEV1, Forced Expiratory Volume in the first second; FVC, Forced Vital

Capacity.

Effect of tDCS on functional fitness

The SLS: Between-group comparison, the active
tDCS group demonstrated greater improvement than
the sham tDCS group at post-treatment (p = 0.023,
partial n2 = 0.206; Table 2). Specifically, the active
group showed an increase in balance time, whereas
the sham group remained relatively unchanged.
Within-group analysis confirmed this finding, with the
active group demonstrating a significant improvement
from baseline to post-treatment (mean difference
[MD] = +12.845 sec, p = 0.003; Table 3), while no
significant changes were observed in the sham group.

The TUG: No significant between-group
differences were observed at either post-treatment
or follow-up (Table 2). Within-group analysis showed
no change in the sham group, while the active group
significantly reduced from baseline to post-treatment
(MD = - 0.654 sec, p = 0.017), though this effect was

not maintained at follow-up (Table 3).

The FTSST: The active tDCS group demonstrated
greater improvement than the sham tDCS group at
both post-treatment and follow-up (p = 0.045, partial
n? = 0.178; and p = 0.037, partial 2 = 0.190, respectively;
Table 2). Within-group analysis showed that the sham
group remained stable, whereas the active tDCS group
significantly improved their performance, completing
the test faster at both post-treatment (MD = -1.180
sec, p < 0.001) and follow-up (MD = -1.308 sec,
p < 0.001) compared to baseline (Table 3).

The 4MGS: Regarding usual gait speed, the
active tDCS group showed greater improvement than
the sham group at follow-up (p = 0.05, partial

2 = 0.187; Table 2), with a significant within-group
increase from baseline (MD = +0.11 m/s, p = 0.023).
For maximum gait speed, the active group
outperformed the sham group at post-treatment
(p = 0.008, partial 2 = 0.331; Table 2). Within-group
analysis highlighted a significant increase in maximum
speed in the active group from baseline to post-
treatment (MD = +0.144m/s, p = 0.001), whereas no

significant changes were observed in the sham group.
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The HGS: No significant between-group
differences were found at either time point (Table 2).
However, within groups analysis revealed a specific
effect in the active tDCS group: right-hand grip strength

significantly increased from baseline to post-

Adverse events

No serious adverse events were reported.
Five participants in the active tDCS group experienced
mild, transient itching at the electrode site that

required no medical intervention.

treatment (MD = +1.729 kg, p = 0.028; Table 3).
No significant changes were observed for the left hand

or in the sham group.

Table 2 Comparative analysis of outcomes between the Sham tDCS group (n = 13) and the Active tDCS group

(n = 13) across identical time points, adjusted for baseline values using ANCOVA.

Sham tDCS Active tDCS Between group difference
Outcomes
Mean SE Mean SE Mean SE p-value
Single Leg Stance test (sec)
Baseline 31.21 0 31.21 0 - - -
Post treatment 30.22 3922 44.06 3.92 -13.82 5.66 0.023"
Seven-day post treatment 30.72 4.46 39.76 4.46 -9.04 6.44 0.174
Time Up and GO test (sec)
Baseline 7.36 0 7.36 0 - - -
Post treatment 7.45 0.24 6.70 0.25 0.74 0.36 0.051
Seven-day post treatment 7.28 0.26 6.92 0.28 0.36 0.39 0.370
Five Times Sit-to-Stand test (sec)
Baseline 8.20 0 8.20 0 - - -
Post treatment 7.78 0.26 7.02 0.24 0.76 0.35 0.045"
Seven-day post treatment 7.90 0.33 6.89 0.30 1.01 0.46 0.037"
4-meter Gait Speed test (m/sec)
Usual speed
Baseline 1.34 0 1.34 0 - - -
Post treatment 1.32 0.041 1.42 0.046 -0.09 0.064 0.175
Seven-day post treatment 1.32 0.041 1.44 0.045 -0.131 0.063 0.050"
Maximum speed
Baseline 1.62 0 1.62 0 - - -
Post treatment 1.60 0.036  1.762  0.038 -0.158 0.053 0.008"
Seven-day post treatment 1.633 0.058 1.742  0.061 -0.109 0.086 0.219

Data are expressed as mean + SD. # Represents a significant difference between group (p<0.05).

## Represents a significant difference between group (p<0.01)
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Table 2 Comparative analysis of outcomes between the Sham tDCS group (n = 13) and the Active tDCS group

(n = 13) across identical time points, adjusted for baseline values using ANCOVA. (Cont.)

Sham tDCS Active tDCS Between group difference
Outcomes
Mean SE Mean SE Mean SE p-value
Right hand
Baseline 27.92 0 27.92 0 - - -
Post treatment 27.48 0.76 29.66 0.72 -2.18 1.10 0.064
Seven-day post treatment 28.34 0.76 28.92 0.72 -0.58 1.114 0.607
Left hand
Baseline 27.11 0 27.11 0 - - -
Post treatment 26.10 0.935 2794 0935 -1.83 1.34 0.185
Seven-day post treatment 27.06 1.08 28.44 1.08 -1.38 1.54 0.380

Data are expressed as mean + SD. # Represents a significant difference between group (p<0.05).

## Represents a significant difference between group (p<0.01)
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Discussion

The present study demonstrates that anodal
tDCS applied to M1 at an intensity of 2 mA for 20
minutes daily over 5 consecutive days can improve
functional fitness including balance, lower-limb muscle
strength, and gait speed in patients with COPD.

Deterioration of functional fitness, which
includes muscle strength, balance, agility, and gait
speed is an important clinical issue in patients with
COPD that associated with skeletal muscle dysfunction.
There was a decrease in muscle strength of the
quadriceps, pectoralis, and latissimus dorsi muscles.
Quadriceps muscle strength was positively correlated
with the cross sectional area of thigh muscles [24].
In addition, reduction of maximal voluntary quadriceps
contraction (QMVCQ) in patients with COPD was also
reported when compared with healthy subjects and
the cortical silent period (CSP) of the COPD group was
longer than the healthy group during the QMVC [9].
These findings suggest reduced excitability of the
corticospinal pathway to skeletal muscle in patients
with COPD, which led to skeletal muscle weakness
[9]. Reduction of muscle strength contributes to
declining agility, balance, and gait speed in patients
with COPD [25-27].

According to a previous study, anodal-tDCS for
10 minutes applied to the leg area of the motor
cortex can increase excitability of the corticospinal
tract to the tibialis anterior muscle, as demonstrated
by increased motor evoked potential (MEP) amplitude
measured with TMS in healthy subjects [13we examined
whether tDCS at currents of 2 mA could effect similar
changes in the excitability of deeper cortical
structures that innervate muscles of the lower leg.
Similar to the hand area, 10 min of stimulation with
the anode over the leg area of the motor cortex
increased the excitability of corticospinal tract
projections to the tibialis anterior (TA]. Similarly,
previous study found that anodal-tDCS current intensity
of 2 mA for 10 minutes on M1 decreased CSP in
patients with COPD, demonstrating increased

excitability of the brain to skeletal muscle via

corticospinal pathway as well [28].
study, anodal tDCS improved FTSST and right HGS,

In the present

suggesting increased lower and upper limb muscle
strength, respectively [22,29]. Consistent with this,
previous studies have reported that anodal tDCS can
improve functional fitness, including lower limb
muscle strength and hand grip strength in older adults
and amateur badminton players [14,30]. The possible
mechanism by which tDCS improves muscle strength
is that anodal tDCS over motor cortex increase MEP
amplitude and muscle electromyogram activity,
indicating enhanced corticospinal excitability and
greater motor unit recruitment, which could underlie
improved motor performance [31]. These effects may
be mediated, at least in part, by increased corticospinal
drive leading to greater muscle strength.

This study also found that anodal tDCS
improved SLS and 4MGS, suggesting enhanced
balance and gait speed in patients with COPD. An
increase in skeletal muscle strength contributes to
increased agility, balance, and gait speed; previous
studies have shown that anodal-tDCS can improve
TUG, SLS, and 4MGS [32,33]. Other reports indicate
benefits of anodal-tDCS on FTSST, TUG, 10MWT,
functional strength of the lower limb, and static and
dynamic balance [14-16]. Enhancement of corticospinal
pathway excitability and motor unit recruitment
contribute to increase muscle strength, which
importance component for improving balance [13,32].
Improvement of muscle strength and balance
influence to initiate movement and generate sufficient
force to improve gait speed [34]. Hence, anodal-tDCS
at 2 mA for 20 minutes may improve physical
performance by increasing corticospinal excitability
from the brain to skeletal muscle in patients with
COPD.

Our study has several limitations. First, retention
effect was assessed only up to one-week post
-stimulation, limiting conclusions about the durability
of effects beyond the short-term follow-up. Previous
studies have recommended follow-up periods of

approximately 3-6 months to more adequately
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evaluate the sustainability of treatment responses
[35,36]. Future research should include longer
follow-up periods to assess long-term durability.
Second, we did not include mechanistic measures
(e.g., MEPs, intracortical inhibition, or biomarkers such
as brain-derived neurotrophic factor); thus, the
specific neurophysiological mechanisms underlying
the improved motor performance remain speculative.
Third, we did not vary stimulation dose or montage,
and therefore cannot determine the optimal
stimulation parameters for maximizing and prolonging
benefits. Finally, the small sample size and the
inclusion of participants with moderate to severe

COPD limit generalizability and should be acknowledged.

Conclusion

Multi-session anodal tDCS applied to the
primary motor cortex was associated with selected
measures including muscle strength, balance, and gait
speed in patients with moderate to severe COPD.
Furthermore, improvements in lower-limb muscle
strength, as indicated by the FTSST, were maintained
at short-term follow-up, suggesting that tDCS may
serve as a non-invasive neuromodulator adjunct to

enhance rehabilitation outcomes.
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Abstract

Background and objective: The Functional Assessment Staging Test (FAST) is an internationally validated tool

for evaluating the severity of Alzheimer’s disease — the most common cause of dementia — across 7 stages
and 16 sub-levels. This study aimed to translate and examine the content validity and inter-rater reliability of
the Thai version of the FAST.

Methods: The translation process followed ISPOR guidelines, comprising forward translation, review by three
experts, back-translation by two specialists, and inter-rater reliability testing by two raters in 30 patients with
dementia at Srinagarind Hospital between August 2024 and January 2025. Data were analyzed using the Content
Validity Index (CVI) and Intraclass Correlation Coefficient (ICC).

Results: The Thai version of the FAST demonstrated a CVI of 0.89 and an ICC of 0.995 (95% Cl: 0.990-0.997,
p < 0.001). The majority of patients were classified in FAST stages 6-7 (90.0%).

Conclusion: The Thai version of the FAST demonstrates excellent content validity and inter-rater reliability,
making it suitable for staging dementia in the Thai context — particularly in patients with advanced disease

— to support prognosis, care planning, and timely referral to palliative care.

Keywords: dementia severity staging, end-stage dementia care, Thai assessment tool, inter-rater reliability
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bath water temperature)
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tissue) occasionally or
more frequently over

the past weeks. *

Stage 6d: Urinary
incontinence
occasionally or more

frequently.

Stage 6e: Fecal
incontinence,
(occasionally or more
frequently over the

past week) *

Stage 7a: Ability to
speak limited to
approximately a
half-dozen different
words or fewer in the
course of an average
day or in the course
of an intensive

interview.

Stage 7b: Speech
ability is limited to
the use of a single
intelligible word in an
average day or in the
course of an intensive
interview (the person
may repeat the word

over and over).

lalansnsaeuilaegna

gAY/ vanzaN (Wu

h . .

faugaenn/auiniy

nsUsugamaiinly

Tunsenui) Wuuneass
- <, ' X

130 WuvssunTuluy

g dUnviEIuIN

ldannsamuause

a X% Tvy
avidentunsldveaile
(W Ausimiviesdiu
Tledeliazarnagns
WNTE 1159
Aanseawinselragig

< &
WilNgaw) LJuU19A3Y
A X

y3eaduesunniu
Tudrwanedunui
NULN)

naudaanyladlamndu
& N

UNATY KLU

UpuASININTY

ndugannselaild (Hu
vends iudesunniu
Tugravanedunv
Firan)

AMHANTALUNTYA
rinAmalauszann
6 ATiuanseTunSe
Houninlugienalsiu
Tnewade wseluszning
ASAUAERlEN TN

ATINENINTAIINNTYA
gninfialunisliem
wWnlalaiiesAfely
= o a o
nilafulneade vise
Tuseninamsduniwal
aghadudu (yanatiy
919WAAITINAITBN)

Unable to take a bath
by themselves (such as
having trouble adjusting
the water temperature)
This happens sometimes
or more often than past

several weeks.

Unable to use the
bathroom appliances

(for example, forgetting
to flush the toilet, not
cleaning appropriately (or
inappropriately throwing
away toilet paper). This
happens sometimes or
more often than in the

past several weeks.

Unable to hold urine
(happens sometimes or
more often than in the

past several weeks).

Unable to hold back stool
(happens sometimes or
more often than in the

past several weeks).

There is a limitation of
speech—can only speak
about 6 different words
or less; this happens on
average daily or during

the detailed interview.

There is a limitation of
speech - there is only
one word on average
daily or during the
interview (they might
repeat the same word

over and over).

Unable to bathe
properly (e.g., diffi-
culty adjusting water
temperature). This has
occurred occasionally
or more frequently
over the past few

weeks.

Inability to use bath-
room fixtures (e.g.,
forgetting to flush, not
cleaning adequately
or disposing of tissue
properly). This occurs
occasionally or more
frequently over the

past few weeks.

Occasionally or more
frequently unable to

control urination.

Occasionally or more
frequently unable to
control bowel

movements over the

past few weeks.

Limited ability to
speak. Able to speak
approximately 6
different words or
fewer on average
throughout the day,
or during detailed

interviews.

Limited ability to
speak, using only one
understandable word
on average per day, or
during interviews.

(The individual may

repeat words.)
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157199 1 NsilSeuisuniskiakazsladoundukuuyseidiu FAST (m)

v v 4 v o wladeundulaenss wladeundulaednss  aduuiuanudau
dualu avuiuuaansiuatu N o X
AaAlAUN 1 AaRAIAUN 2 LR LEH]
Stage 7c: Ambulatory  AuENNSAlUNSLAY Losing the ability to walk Loss of ability to walk qm&%smmmmmiu

Ability lost (cannot
walk without personal

assistance).

Stage 7d: Ability to
sit up without
assistance lost (e.g.,
the individual will fall

mely (lanunsadulé
mnldlasunisaie
duynna)

Tylanusatfslgonnlalle
Sumnuagmde

(W zauamnlall
Fnuugnuduwing)

(unable to walk back if

there is no assistance).

Losing  balance  when
standing up without any
assistance (such as having

tendency to fall if there

(unable to walk with-
out assistance from

others).

Loss of ability to sit
up without assistance
(e.g., would fall down

without arm support

msiu (llanunsadiule
mnldlasuniseiewiae
INYAARDL)

goydendnuannsaty
nsgnids wnlallésy
nsPIende (W
agduasnlaififiinuoy

o

over if there are no are no arm rests on the on the side of the AUTINULLATD)
lateral rest arms on chair). chair).

the chair).

Stage 7e: Unable to  liaunsaduls Unable to smile. Unable to smile. Taignunsaduls

smile.

Stage 7f: Unable to
hold head up.

Tdaunsaaemihdula

Unable to look up.

Unable to raise head.

Tdaunsaaemihdula

mnewe: atuanvglasunsBuduain Dr. Barry Reisberg fiiamniasasileduaty

HWevigy 3 Mudssiliuanunsadailently S-CVI/Ave = 0.89 #sgeninnusinigeusuld (=0.80)

4 gy TN ANUTALILYBINIYT AN ANAUUSUN 79N 578AT -CVI 31 1.00 leln Stage 6b, 6¢ uay
Fausssulng pnuAsoUAgUUeLilon uazauanse  7b lnsumsusudesmmudelaueuusuelieI e

Tun157nFaABINITIN HANITIATITI (IN51991 2) WUAN

M1919% 2 Avianuiiesmsadaiomvesuuusediu FAST atuniwilve (n = 3 JlBiwe)

sEU FAST Swoudidervgitliinsuuy 3-4 itemn-level CVI (I-CVI)

Stage 1 3/3 1.00
Stage 2 3/3 1.00
Stage 3 3/3 1.00
Stage 4 3/3 1.00
Stage 5 3/3 1.00
Stage 6a 3/3 1.00
Stage 6b 2/3 0.67
Stage 6¢ 2/3 0.67
Stage 6d 3/3 1.00
Stage 6e 3/3 1.00
Stage 7a 3/3 1.00
Stage 7b 2/3 0.67
Stage 7c 3/3 1.00
Stage 7d 3/3 1.00
Stage 7e 3/3 1.00
Stage 7f 3/3 1.00
Scale-level CVI (S-CVI/Ave) - 0.89

[-CVI = Item-level Content Validity Index; S-CVI/Ave = Scale-level Content Validity Index, Average
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Hoyaluvasngusagng

ngusege 30 518 flengiade 81.70+9.00 T
wargnazngsludadiuinniu (5esaz 50.0) szhU
nsAnwdulngedluseiuuszandne (Sesa 46.7)
3098901A0TEAUUSYY N3 (Fasaz 40.0) @n1unIn

M1519% 3 Jeyaluvenguiiegie (n=30)

Wungite (5esaz 50.0) 14@ns91519n1545810n
sudarin (Seeaz 80.0) uazdymnalupseuaiudugaua
wantaglifiAmaunnu (Seeaz 70.0) (M1571991 3)

dayanaly

o 4
U (598a%)

LA
a3
AN
21¢ @) (mean+SD)
SEAUNNSANEN
luilaSeumisde
Uszaufne
dseuAnwInouA
dspufinwmaulany
Useueyes
01U
Tan
.
Y
neIv/ueniveg
ansn1ssnen
Useiuguameumi
91519M15/A0nAUFINR

P52 EULDY

1A hldAmeauwnu

o

o

yaraluasauasy luiaAmaulnu

a a1

Apualaligd Semeuunu

15 (50.0)
15 (50.0)
81.70+9.00

1(3.3)
14 (46.7)
2(6.7)
1(3.3)
12 (40.0)

1(3.3)
12 (40.0)
15 (50.0)

2(6.7)

4(13.3)
24 (80.0)
2(6.7)

4(13.3)
21 (70.0)
5(16.7)

FTAUANAINITAVDIYAAARNINTTEZUDILIA
nan1sUsEluMERUUUTEEIL FAST atuniwilne
wudnguiiegsdiulngegluszey 6-7 (Seway 90.0)

syduinuUesiigafe Stage 7f (Fovay 23.3) sosasunie
Stage 7b (59way 16.7) uaz Stage 6e (3ovay 13.3)
AU (37971 4)
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A19197 4 SEAUAINAINNINVDIYARARINTZEUBALIALUNGNAIDE19 (n=30)

T-FAST UszifiuseAunIua1NNInvaIuAnanIasEazYaslsafiag FAST adumulng ?lqmu
(309az)
1 laifianugndunlumehAenssusngg anmssuilddeaues wiennmsUssdy 0(0.0)
Tnefou
2 Uunasdusiumisvesdses fimnmeindruinlunisindiidesnsly 0(0.0)
3 fmuanusalunisinuanassuduiisuilaiousouau famnueindiun 133
Tunsdumslugaauiilnlg Usvansamlunisdanisanas
4 Amanansalunsynnuiidudevlsianas (Fu msnausuemsidudmiuian) 1(3.3)
msdamsmsiiudiuyana Guineda) drnuendnlunmstens Wusy
5 soansgaslumaidenideivanzanlumsanldluusios fu anmennia waslena 1(3.3)
6a  mudeiligniesisanueindiuin mnlildsuammeinde 1(3.3)
6b  liaunsnorvthldegamngan (Bu farueindwinlumsuiugumgihiien) 2(6.7
HuadsnsnmFevesmindulutamanedUnmifiiumm
6c  lifluamnsalunisiigunsallusiosild (du Sunednlasn, Lilddaharuazenn 1(3.3)
oghamnzan (iefanszmuiisrlfednamnzan) Wuuweduteidulesminiu
Tugaamaneduanifikiuan
6d  nautlaanylild Wuueds viovosadunniy 2(6.7)
e nduguanarllld (Huuneeds iWuvesinntulutasduanifisnum) 4 (13.3)
7a mnuaansalunsyndin yalduszanm 6 Adiuandnaiy vietesnin ludinaneds  2(6.7)
sty videlutananiifimsduniuaiotisasidon
o enwannsalunswagnitdalunistididnlaldifesindelunieiulneads vie 5(16.7)
Tusewinenisduniual (yaraduorawad s ude13n)
7c  gydsanuannsalunsiiiu (assaduldmnlalléunsthomdennyanadu) 2(6.7)
7d  gydemwainsalunisgnids minlildsumsdiomde (wu ssduamnlifiivumy 1(3.3)
Fudnsuuing)
7e  lalamnsnduld 1(3.3)
7 ladansowenihduld 6 (20.0)

ANALYRIIUTENINeEUTEEIY (Inter-Rater Reliability)
NANTSIASIZY ICC YaeuuuUsetiu FAST avu

(Gpway 90.0) wavkanAenwies 1 syaugeslu 3 57
(fowaz 10.0) FuAATUIEIING Stage 6d-6e Inglidna

awlnglugftae 30 918 wumnuBesiuszinegussidiu
oglusedufiiBen (ICC = 0.995, 95%CI: 0.990-0.997,
p < 0.001) fUsziiiulvinzuuuaenafosiuauysal 27 18
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fan15PnaulanIematn wenaInt A1 F-test (F(29,29) =
197.56, p < 0.001) Buffumuasnsaveaasasdiolunis
FHUNTEAUANNTULTIWRLSALAREITRLAN (AN5199 5)
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A15199 5 N1InsIaaeuUALTetuTEnIEUsELil (Inter-Rater Reliability)

Aadn Adla SRR
IcC 0.995 Mdeu (Excellent)
95% Confidence Interval 0.990 - 0.997 -
p-value <0.001 HiledAgnieada
F-test F (29,29) = 197.56 -

ungNsUszliufiaennaesiy 100%

UM sUTTRUALANASTY 1 86y

27/30 (90.0%) -
3/30 (10.0%) -

NATINSAALANL Koo wag Li (2016): ICC < 0.50 = #1, 0.50-0.75 = Urunans, 0.75-0.90 = &, > 0.90 = e

397500

AsEnYIkandlmiuILuUUsEEIY FAST adu

aad

M nelauautin@atanmgatdmiunslly
Tuudunlney

nszuaunsulanazaiissnsadaiion
M3uUamuLLITNg ISPOR [16] Freliiulalumuiiioy
WINTVNANNNELAZINARN WUALLANANSIUANSAANL
5910 16 98015 (Feway 31.3) lnedlanvsmdn 3 Usens
TAUA ANLANANIVIANTILAY TAUGTTY LU USuaan
“season” LT “@nimennie” waziiudiegnsly Stage
6¢ ANMULANAITLUNITAAINTEAUAINTULTS LYY Stage
6a Usudu “ldanunsaaindedinlamnladladuny
FI8NED” LAZANTULDUVDINTWINNNITUINNG 19U
14 “ndugaansglalls” umu “fecal incontinence” wanns
Anzsinuen S-CVI/Ave = 0.89 Gageninnasifivensu
1d (= 0.80) [19] uazatuanielasunisduduain
Dr. Barry Reisberg fffmiunaiesilo dadundnusziu
aanidetieluseiuanna sien1siisien -Cvi s 1.00
(Stage 6b, 6¢ uaz 7b) lasun1susuTudaiauauy
VoI

Audeiiuszninadussifiu A1 ICC = 0.995
(959%Cl: 0.990-0.997) eluszuflbesmsnuTives Koo
e Li [18] LLazQQﬂ’hmiﬁﬂm%q Sclan wag Reisberg
[13] (ICC = 0.87) Yadufidanasion ICC ﬁqq Toun
mstneusudUsyiliuegnautuszuu nmsnisauauamn 1N
Foyaanggua mudnauvesasesiefiuiuusud way
dnwasgnguiegnefidinlngegluszzsuus (Stage 6-7)
Fsormsmenadnildnuaitugusssu viliRnnumsaiu
1§de agrelsiny aruuandsiiniudosay 10.0
38NN Stage 6d-6e @xVipulairnnuInIsUsTIiU
HIUE LA Fao194in Recall Bias 1¢ iiesnndnuazuay

SrerlAveIANFNussEnIguaLar U e vdaNg
soanuusiugwesdoyailli (200 Fedufuszidiunis
dounuegtauidunuazasvdeuteyalyl
A21UEINT0 TUNITTIUUNTTAUAITAUTULTY
nauseEgensEemily 13 910 16 sedu (Sevay 81.3)
wavAn F-test AiRtuddaymneadn (F(29,29) = 197.56,
p < 0.001) BudunruanITalunITIIMUNTZAUAIIN
JULSY #OAARBINUTIBNUBY Sclan wag Reisberg [13]
finudn FAST fidwuduilifuszuunazsuunlding
MMSE TugUagszes junss
mawFeuiisuiuiaiasiiodu FAST fidelduTou
Witlo MMSE waz MoCA [8, 9, 201 Tu 4 Uszns A Uszidiu
lansaunquynszduauuuselaglill Floor Effect
Usziiuauaiunsalunisvitfadnsuseandu (ADLs)
Tnense [3, 21] lddesnisausiudieandUie was
fanuanunsalunisnensellsa laegUlglu Stage 7c
Juluengndeiivdeetioonii 6 iou (14] Yadl FAST
ailfoonuuunnifienauny MMSE/MoCA usldiaduiiu
g MMSE/MoCA isngdmiuszazSuduisuiunans
Tuvedl FAST wangdwmiunisdnsvoruazfinm
nsaiiulsaluszeziiunansieszezying
Uselevumneadin wuudszdiy FAST atunwn
InganusailUlguselevild 3 auman Town MI19uH
nsguaimunzaufuszezuoslsn Wy Stage 6b-6e
IwTsugunsaliiemdowarinausugua @11 Stage
7a-7f [fwSeunsquakuuUseAuUsEaes Msnensallsn
LLasmiﬁamiﬁ’UﬂiaUﬂ%LﬁamdLquQLLaa"N‘Mﬁ'l
(Advance Care Planning) [5] wagn1sawsioingnisgua
KUUUIEAUUTEADINIULLINIG NHPCO [14] n1snuniy
1ssaunssuegnudussuulny Mo wazAmy [22] wuln
“syuzvadlsnansaiion” Lﬂumm%ﬁgmzqmnﬁqm
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Asderefiandluusunlnenud Pinyopornpanish
wazAnz [17] s1e9uld

GELY

wuuUssidiu FAST adunwmefiuvamuuinmis
ISPOR uagnsiaaeuamautindndinlugvielsnaues
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Ave = 0.89) uazAnudesiusemineUsifiueglusedu
Moy (ICC = 0.995) wzaudmiunsUszidiuny
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TUldlunsuszifiuszozvaslsafionsununisneuia

RNITYARS NNBUIUEALA wasUszarunisdedaidng
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Anuifissnsadanamineeuiieuiu Clinical Dementia
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UNANELD

piivdazinguszasn: nsAnides Aspergillus spp. WUUINS USRI NS Inga myiadelsaluszezsuduliis
fmud1ARan1ssne m‘iﬁﬂmﬁﬁfmqﬂizmﬁﬁaL‘LJ%EJULﬁEJUNaﬂ”ﬁmT\ﬁm Aspergillus galactomannan antigen
5%111976 enzyme-linked immunoassay (ELISA) Analyzer I-2P tag chemiluminescence immunoassay (CLIA)
VirClia® Monotest

A8nsAne: #3399 Aspersillus galactomannan antigen lusiiegne 22 faeg1e laun nquAILAN 2 FEe way
nauvagey 20 fed1e agldinauriuvanareusads dideasunanisnsiainseiiluuinyiseay umagauniy
WANANNNEDRAAIE Fisher’s exact test, Chi-square test ANUANNIE LAZAILADAARDY

HANSANEY: N15NAAEUMIETT ELISA Tinauin 3 f1eg19 waskaay 19 fee1e luvaedinisveaaudieds CLIA
TWnauan 3 feghe maau 17 fegs LasHaRIAY 3 §I9E19 NAFDUANULANANMSERRAE Fisher’s exact uag
Chi-square test 1§ p=0.561 uag 0.508 auddu Felifieuunnsnstusgraiiteddymeada (p>0.05) AU
Sovay 89.4 uazAUAIAARDISLAY 81.8 (SAUA)

agu: mswSeuiiiey ELISA uag CLIA Maesislinamsnadeuiliunnseiusaditeddmeadn (p>0.05) Tned
ANNTUNIZLAEALEDAAABIlUSEAURA N15UNaN1IRII3 Aspergillus galactomannan antigen TUldAisiiatsan
Fufvenmeadiinvesgiae

ANFNARY: NSAAWBIIMUUINTIY, Aspergillus galactomannan antigen, ELISA, CLIA

Abstract
Background and objective: Invasive Aspergillus spp. has a high mortality rate. Early-stage diagnosis is crucial

for effective treatment. This study aimed to compare the detection results of Aspergillus galactomannan
antigen between two methods: enzyme-linked immunoassay (ELISA) by Analyzer I-2P and chemiluminescence
immunoassay (CLIA) by VirClia® monotest.

Methods: A total of 22 samples were tested for Aspergillus galactomannan antigen according to the specific
interpretation criteria of each platform. Statistical differences were analyzed using Fisher’s exact test and
Chi-square test. Specificity and the degree of agreement (concordance) were also evaluated.

Results: ELISA yielded 3 positive and 19 negative results. In comparison, CLIA produced 3 positive, 17 negative,
and 2 equivocal (borderline) results. Statistical analysis via Fisher’s exact and Chi-square tests showed no
significant differences between the two methods, with p-values of 0.561 and 0.508, respectively (p > 0.05).
The specificity was 89.4%, and the overall agreement was 81.8%, which is considered a good level of concordance.
Conclusions: The comparison between ELISA and CLIA for Aspergillus galactomannan antigen detection showed
no statistically significant differences. Both methods demonstrated good specificity and agreement. Clinical

application of these test results should be interpreted in conjunction with the patient’s clinical symptoms.

Keywords: invasive aspergillosis, Aspergillus galactomannan antigen, ELISA, CLIA

224 AUASUNT VS 2569; 41(2) @ Srinagarind Med J 2026; 41(2)



M33ziiuninsI9 Galactomannan Antigen @ Evaluation of Galactomannan Antigen Detection

o
UNU
nM3AnLTes Aspersillus spp. \Dundsludgm
naadtinfdfy InsamzlugUlendglnuiuunnses
wu fUrsuzisadiniionann (leukemia) §Uaefildsu
' o v ey v AY o A v a
N13UgnaeeIYIY Qﬂwﬂmmﬂmﬂu@mu nIoUIen
1ASUN1TINEIA88IRIULLLSY LASLRNIZNISAALTDS)
. . . . a = aa
WUUINTU (invasive aspergillosis; IA) UBRTINTILEALYIN
gemnldldsunisinwegrununzaunazsinsa [1]
nsatadelsaluszezisusuledinnudiAyednebase
n13¥nw [2] 1999811z INThanIYRI U
Laiduwg 8935303511 (gold standard) leikA N1stwnziae
uazn13nTI9TULle (histopathology) dnlyiiaiuiu
wazdaulie [3] A9TUNISATITVIAITLOURLIU
galactomannan TulaoALaEAI8871991ATEUUNIULAY
mgla W Uraevasnau (bronchoalveolar lavage)
P Yo ) ¥ ' A & aa
Falesunmsiaukasldedrawnsvraty wesanluds
vndieulias wazanunsaldtaeidade 1A 1 [4,5]
N199939 galactomannan antigen 91AUNANNITVDY
immunoassay L%u enzyme linked immunoassay
(ELISA) 38 chemiluminescent immunoassay (CLIA)
FeltuouAuafdnizsia galactomannan antigen
WensainUsunaesansiusiegslae VirClia® Monotest;
CLA Juweilalnidfilvinasinga [6,7] Tedrecdunisnsia
. . v g A A o &
WUU non-invasive Tiangu [8] Wawiguiunisimiziye
G aa Qy dy = o =
Wiongdinenvuiile Ianuliwaranudiingas [9] nsdl
HAUINAI (false positive) aranuluduaelasuen
Ueiln 1y B-lactam antibiotics w3elugUhenfinie
Aspergillus spp. Tuszezlaugu [10] delu n1sAnwiil
o Ao ¢ P} a o .
ilingUszashiivelSouiieunani1insIdn Aspergillus
galactomannan antigen IEUINLATOY Analyzer |-2P
1875 ELISA uag VirClia® Monotest #2875 CLIA
ad =
A9N1TIANWI
WunsAnwudeainsedt (analytical research)
) . A P} a
BUUNIAARYING (cross-sectional study) Liawlseusnau

5 aa 1 a o
NANISATIIVBINT 2 30 tutIaanaeliu

UsEwnsuazngufa9eng Bottom of Form
i o ' 44 Yaly 1 wa =
NANAIUAN: FaogdenINAT T RAuEe
WIoN1AALIDIILA 9 91U 2 AI9E9
' o ' a & Aa = i
nauNAFaY: Meog1iiennIe BAL NlANNIEW
o X ‘ .
NIRRT Aspergillus spp. 31U 20 518

nguAaLIa:
Ignsuinuundieged@niy Chi square test

n=(La2+Zgy. [P,(1-P,) +Py(1-P,) ]

(Pl' 2)2

el Z0v/2=1.96 (fiszsutidfy o =0.05)
Zg =084 (izé‘l’um’lm%ﬁ’u%@aasl8o)
P, P, = dndruvoamanisnsiadiilu positive
Tuusiazdd
n = WREeETIFeINII
theniavsaluuwnuluges
n = (1.96+1.84)°.(0.1175+0.1490)

(-0.046)

n=22

aaduazldndudiegnegietdesy 22 d19819
Y] 1 W I & '
dialdusunuvesseanns Ineuwlsngusiegnaiu 2 ngu
loun nquaruawld degrsanditlaidiuseTRanudss
seMsiaesila 9 uiu 2 feg1e uazngunaaey
TofrogeniinuLEssan 1SR Aspergillus spp.
1171 20 Meds

a
STELLIANANYN
929TUN 1 AUEIBU W.A.2566 D9 30 LUWIEY W.A.
2567

ANLUNIT

- 59U deyaNaN157I3991NTT ELISA UazHa
meifadelsadowiy mngrudeyavedsmeuia

- fadensiegnidduniethdclen iiinansas
#e38 ELISA usnifuusudaiigamadl -18 eswnwaldea
Werinsns9dae3s CLIA wazthnansasaudiase
Joya

- Tonadns ﬁwmﬁmﬁ’mwaﬁaLﬁaaﬂisﬁw%mw
waveLdITLSveEnsTs Inelidiandn ¢ du Ae
1) Srunusiegndilinauinuieau (qualitative results)
SrunumaTinsanuEe (Positive) waglinuide (negative)
YDILAALID 2) AMULANAINININADR (statistical
significance) lneinAn p-value WIUNISNAEBU Fisher’s
exact test wag Chi-square test Lﬁaadmamimaﬁ]mﬂ
Maeisumnanafuseeitfodianiel 3) musumnz
(specificity) lnginAuau13aveeYnn 53 lun1sARNT o
fegneil el fuanswaiduauldgndes 4) A
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v
o

donAAaBY (agreement/consistency) 11Y19@8II5 LN
ludamadeniuunndesiiiasda

- naeinnswSeulisulaznisuuanalainee
Wisueulneudnaansannis ELISA uiisuiu 35 CLIA
St inausiiBanaunn (interpretation criteria) dnndusa
n1snedeueendy 3 JULUUAINNINTEINTDLAALTE
TnenaUIN Ae ATITNUENSUTLE05) Haay Ae Asaslainy
ansUstlon uaznariis Sadurilegszrieuanuaray

- LAIINITHAANUTEANS AT NATUAINULANATS
T9nest p > 0.05 qgdioan lddanuunnansiuegiel

o =

Sodity Somnernuiaeditlduansnsaiidedels
TndAeaiu

- InaidIuANdenAdes TUnuNsouazeg
Amnuaenndes [Wufdndu dsnsdlaonndesniseglu

WNEININNINS BN USPEAY 80

Bn1sasrvianazinaeinisulana
Analyzer I-2P: ELISA
19n157mA1 RLU (relative light unit) Dusued
NAUINUIOAU
LnausinsuUana:
RLU > 0.5: positive
RLU < 0.5: negative
VirClia® monotest: CLIA
4 index Wufusinavinveau
nausinsuUana:
Index > 0.2: positive
Index 0.16-0.2: equivocal
Index < 0.16: negative
AsAnwnsedl HiunisfusesnnamensIunTg
93us5sumITslunywduming dovouniu Lavi
HE661369 i’u‘ﬁ 8 A9AU W.A.2566

A15197 1 HAN15M529 ELISA uaz CLIA Tu 22 fees

nsAAsIvidaya

ASIATILIN9EDR LUaRR Fisher’s exact test
(é’m%’umﬁLm']xﬁ%'auuaﬁﬁﬁﬂmuﬁaasmﬁaEJ, n=20 f14
30 fhee1e nglvien p-value fiusiug) uag Chi square
test WiaAsIZI p-value Tnsgausud p>0.05 Nagday
ALz RazANdenAdaslnssausUTiSayas 80

NaNISANE

NANNSATITIUFIBENN 22 fAI9819 WU ARSI
18735 ELISA WUNAUIN 3 10819 WUKAaU 19 AI0e19
LyifamAs N13M529@838 CLIA WurauIn 3 fegns
WURAAY 17 §108ns WuRanIAs 2 fheghs erSouidioy
3ENIN9I0 ELISA wag CLIA WUAUEDAARBILALAIY
UANANS AD HALINYBMTIEBTS SIS unuwihiud 3 dheths
LLam'j']ﬁy’qaammmmmmsamm%’uﬁqasi’mﬁ'u“;Jumﬂ
lopegnsdannansiu @1unaauds ELISA wu 19 g
@35 CLIA WURaau 17 §29819 JA1ULANGIAY
2§08 1ne38 ELISA marfuau ui3s CLIA walurnns
2 #9819 F9UaT91 35 CLIA oaiinnalalunisnsas
1INNT138 ELISA GemamAsludd cLIA Fldfiuds
ausdulunisasiaBudiu dmdu 2 fhedhel iesnau
waanvneInduunvieau (Msed 1)

Tun15U38ULUNanISNTIATENINGEDIID FRaENg
flvinanseii (concordance) fie nauanasaiu 1 fegs
naaUASItY 18 feg1e uazfed1afilinalinsaiu
WU 2 faees inaauluds ELISA us Tinauanluds CLIA
WU 1 fa0gne Winaauludd ELISA uwauanluds CLIA wu
2 $hege naauludd ELISA uslinanAsluda CLIA
(M157991 2)

NANIINTID 35 ELISA (31u7uf29819) 75 CLIA (37u2udi9819)
positive 3
negative 19 17
equivocal 2
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A15199 2 719199UANS8I (2x2 contingency table)

ELISA positive ELISA negative Total
CLIA positive 1(TP) 2 (FP) 3
CLIA negative 2 (FN) 17 (TN) 19
Total 3 19 22

dlowSeuiisunanisnsaaied s 20 feg
Tagle3d ELISA (Un2) wag CLIA (Aeautl) n1siseuiisy
mawuiwﬁy’qaaﬁ%‘ﬁ concordance rate G (5ovay 81.8)
Tnanaunuazaunsanulu 18 910 22 feg1a discordance
rate (Soway 18.2) wulu 4 fegrs Tinaulanis CLIA
WHAUAETS ELISA 2 dheeh Tinarieis CLIA usnaau
33 ELISA nafiaonndostu 16 feehe Ineveaedizl
Nawmilauny (asranuinatduuinuseauiniloudu)
waiilidonndosiu 4 §egs WU concordance Sosay
81.8 Gafeinoglusus

WaNIINAERU Fisher’s exact test Laz Chi-square test
nsnageviildiiieliaszinnuuansiseua
nsAsIRaTEeE Tneddnatnnddayel
A1 p-value 910 Fisher’s exact test 16 0.561 wag
A1 p-value 910 Chi-square Test: 0.508 wui1 Lifl
AuwAnA1IfuegefiTeddynieads eeaindd
p-value Wagouy fiA1unnndn 0.05 (p>0.05) @

a1

wansldiudaUszansnnlndide iy mamm“ ﬁ 197171
71995 ELISA waz CLIA T9inan1snsiadimsien
TnalAgsiulunisnsianiaies Aspergillus

NSNATIUAIUT NI

NANINAABY specificity 5¥1319 CLIA wag ELISA
o193 ELISA 1HhuABunmsgudneds

true positive (TP) fi foeneiinna ELISA was CLIA
Tinauan 1 fegs

false negative (FN) flo fegnaf ELISA Tiinauan
e CLIA Toinaau 2 fiegna

false positive (FP) e feeefi ELISA Tinaau
e CLIA Toinauan 2 fegas

true negative (TN) fte fegafisna ELISA wae CLIA
Tinaau 17 fwg1s (eeld CLIA fifina equivocal
Wuwaav) Lﬁaﬁmmé’wqm

Specificity = TN/(TN+FP) = 17/ (17+2) =17/19

-0.89 wioSeuaz 89.47 (317 3 ua 4)

M15719% 3 NSUSEUIEUANLARAAABIUBINANITNAZBY (concordance) (n=22)

TiadalSeuiieu

o o/ 1 Y
AUIUNBYY (F2882)

Nafldenndasiu (Nauinuazaunsaiv)
wafiliaenndasiu

CLIA (+) ELISA (-)

CLIA (equivocal) ELISA (-)

18 (81.8)
4(18.2)
2
2

a a ¢ aa ° .
A151990 4 NMFAATITINEDALALAUIWNEL (Specificity)

uildin AEan nsulana
Fisher’s exact test (p-value) 0.561 Taluwmnsinsiuegedideddey (o > 0.05)
Chi-square Test (p-value) 0.508 Taluwmnsinsiuegedideddey (p > 0.05)
ANINNE (Specificity) 89.47 ae/lusEAUs
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3150d

911A15AN®I1UDY Lohjai wazAmly Anwn
WisuiisuaudenAaesued ELISA way CLIA Tunsnsia
1n92AU interferon gamma WUNAUINADAAADY
Sovax 81.8 naaudenAdesanaL 95.5 wazAduUssans
Wlosduvede Mycobacterium tuberculosis (type 1)
uaz Mycobacterium tuberculosis (type 2) fig 0.98 Lag
0.96 AU [11] Fawan1snsaaiildannsanuad
TvnauinuaznaaudenAandiu Patterson LazAMe
31891410 Infectious Diseases Society of America
(IDSA) Budiuin galactomannan Lﬂuﬁﬁﬂﬂ%ﬁ’lﬁ@iumi
A0ady IAlnglaw1zlugUnedisl neutropenia vdaiile

Alasunisugnanelansean [12] a1n#idedn1snanis

P}

D

fadefisinga wansinanudfguesnisidadeniay
ae atuayunisly salactomannan lunisdnnses

v
a =

A
nsindeswuugnuluszezsudu NEuduin
galactomannan Wusmustiddglunisitdads Tneany
lunguUlenilnfiduiuunnses laganunsaldieeaden
waruIaegeslan dmTUAUANAIIUAUNUATHS
| & aa A aou X v A
fan19tdeniznein Tuvaeiuidellyaduluiinis
WIBUBURANTIANNETALUNINTIN LATNULALAY
WALLANIT CLIA 819M5739L98KALUUNINY 71 ELISA
wosdwly vilasuladn CLIA wunzagldiluniosdie
) & Y A < . =) a
AANTBLUDIAUNTIAGY Sulahian waveme Wisuigu
N15M379 galactomannan ¥#11995 ELISA Wazisini
wiu CLIA Tuglsy wudn CLIA Sanudilunisinsizi
Ngeandwazinunzaudunisidaruluiesdjuainig
vunlng [13] nsAnwiainUsemeaulae Li wazane
WUIIN159523 galactomannan $28 CLIA ALz EL
fudUendsyaugiauiuunnseslusgauUiunanuag
U39 Iaglaniglulsangruiaiidesnisianisidady
A < = a a
5157 [14] nsfnwanduielang Gupta wazAy
WU ELISA fianuhiinninlusiegnaaniniean we CLIA
' o aa | o '
LAAIANUBLUEINANINTUAIBE19R NLE@NNE [15]
WatUSsuisunuanuddednuinds cLIA anafimnuly
1NNILENTY LIBIIINANITINTITUMIBE e IAINAAIA
19 2 fege Tuweas ELISA Tinalduau
nsAnwlulseimanenInilalay Moodley uaz
AR NUIIN5MTIT galactomannan mae ELISA 1Jumng
a a v 1 X dda o o W P o
doniauAluiunndnIngnsdnne (e naumu

191529761071 CLIA ag1alsiaiy Tulsaneiuna

yualngiifianunioudumelulad CLIA freaniia
Tunsinseiledneditodfey [16] FansAnuiles
Lilshjatiunmsinevidunuduvdn wiuluiisuuoy
nsvau Tasaguinnisidenitaisgiiuiunves
15anguia WU ninfesnisAusaainayiiu
Tssneruiavuialng 35 CLIA azaaulandninngig
ATIMUUAET (monotest) 1¢ sidfessariiduseu (batch)
milouds ELISA nsWauUsedndnImn1snsiainsei
USuU3es CLIA datiun15m5393u Galactomannan
Tusedus uasdnuilundudaodafiuvinty Funis
FIYIIUHAAINTTA HAUIFURUUNITTIeulida
Wil 11352y Index wazuwuzinsduaily equivocal
msSeuiiounasswing CLIA uae ELISA fumsimsden
(fungal culture) w%amimaaumﬁm,%aé’aﬁ%‘ polymerase
chain reaction (PCR) Im81i135 PCR unldiduineusi
wmspuiledsifiurianugndes Tnslamziilenansie
Foaudatu uazlodieuiudnenmrdeuiunredsmeuia
witazuvie i 14 CLA Tulssmeunadidosnsanusinga
Tunsinnsesifilnefitonnsideundu 3938 ELISA naaeu
wuusIYANIVIAEaU (batch) 14n1959031IUGRENS
vanwse tienmiandeutuduye 14 calibrator fu
control $2uAU 91AINISNAGOUVDY calibrator Lay
control Liifhunasidewinisnageugsianun il
svpzaaIseNauIuty nieddunuudelunisngae
@1 CLIA 1unsnsiaseiien (individual or monotest)
i calibrator uag control wenan1zsy lidessosm
frognamanese lrnsaldiEtu msasanulsald
Faudsvozisuduiadudaedigiddiionnisuansdaau
(pre-symptomatic stage) wsodalifinaniessdingn
(radiographic evidence) aglsiunneizun1ssnuds
Usariu (prophylactic treatment) #59nN135NWIMUUERNE
Wzassedudies (antifungal therapy) Ti3aau 39

' [

Freandnsn1sidedinlulUionguidesgelaegied

WedAiry [17] 1130599 galactomannan fiAulagandn

P

daeufumamnade aunsalinaiilienisitads 1A
Ifuilunsdffinslifidosuivialufoumeide (18]
THnantesniuazanmiuidssninnisiuiiedns [19]

B9 o Jagliu CLIA wanzdmiunsiansondesdy
Fe3siiine Tinanduni uesamadeiniosdalulfi 207
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GELY
=l = a 6 .
NNTUTBULTEUNITNTIAATIZA Aspergillus
galactomannan antigen 5¥#31935 ELISA wag CLIA
WU NANTATIAVRIN 2 3D lalumnsinsiusesiidedAey
9Eds (p>0.5) AT (specificity) Sovaz 89.0
WarAINNADAAABY (concordance) Sovay 81.8 @3
N5LADNAITATIAUAALID AITLADNAIUUTUNVDILAAY

Tsanenuna

v 1 ¢
ﬂ'Tﬁ‘UﬂﬂutLﬁQNﬁﬂiziﬂqju
Iduveuseniadnlad
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Abstract

Background and objectives: Computed tomography (CT) is a widely used technology in diagnostic radiology,

and radiologic technology students must acquire sufficient knowledge and practical skills to operate it properly.
However, CT equipment is expensive and has limited availability, resulting in insufficient opportunities for hands-on
practice. Developing a mobile application to support learning in CT imaging techniques could enhance access
to knowledge and promote ongoing self-guided learning. This study aimed to develop such a mobile application,
evaluate its functionality, and assess radiological technology students’ satisfaction with its use.

Methods: The application was developed using the Thunkable web-based platform. Its effectiveness and user
satisfaction were evaluated across four dimensions: design, content, usability, and overall performance.
Satisfaction was assessed using a Likert-scale questionnaire. The sample included 32 fourth-year radiolosgic
technology students from Navamindradhiraj University.

Results: The developed VJR RTtech CT application performed effectively, showing proper installation and
display performance in accordance with the testing criteria. The average scores for design, content, usability,
and application performance were 4.38+0.93, 4.50+0.60, 4.47+0.73, and 4.38+0.70, respectively. The overall
evaluation across all four dimensions indicated the highest level of satisfaction, with a mean score of
4.43+0.74.

Conclusion: The developed application satisfied the specified performance standards, demonstrating successful
installation and correct display across various mobile devices. The content was regarded as useful and practical,
enhancing radiological technology students’ knowledge of computed tomography imaging techniques. Overall,

user satisfaction received the highest rating.

Keywords: radiological technology students, application, computed tomosgraphy, radiological techniques
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CT techniques

Computed Tomograhy techniques
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Abstract

Background and objective: Non-ionic iodinated contrast media (NICM) are widely used in computed tomography
(CT) to enhance imaging of internal structures. Although NICMs reduce hypersensitivity reactions (HSRs) compared
with conventional ionic formulations, adverse events including rash, urticaria, and rarely anaphylaxis remain
clinically important. This study aimed to evaluate the incidence, clinical characteristics, and severity of HSRs
associated with various NICMs.

Methods: A retrospective cohort study included patients undergoing contrast-enhanced CT between January
1, 2021, and December 31, 2023. Immediate HSRs were assessed using the Naranjo algorithm. Descriptive
statistics summarized demographics and HSR features, and Fisher’s exact test evaluated differences in severity
between contrast agents.

Results: Among 412 patients (42.5% male; median age 60 years, IOR 52-67), most had normal or mildly impaired
renal function. Seven NICMs were used. HSRs were predominantly mild-to-moderate cutaneous reactions,
mainly rash with itching and urticaria. While anaphylaxis and angioedema were observed in only eight patients.
Highest HSR incidences were observed with iomeprol (100.00%), iohexol (88.60%), and iobitridol (88.00%) which
severity distribution did not differ significantly among NICMs (p > 0.05). In addition, most reactions were
classified as “probable” or “possible” by the Naranjo algorithm.

Conclusion: HSR to NICMs were predominantly mild and largely limited to cutaneous manifestations, while
moderate and severe reactions are rare but clinically significant. Although numerical differences in reaction rates
were observed among individual contrast agents, no statistically significant association was identified between

type of contrast media and severity.

Keywords: non-ionic iodinated contrast media, hypersensitivity reactions, adverse drug reaction, Naranjo

algorithm, computed tomography
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Introduction

At the present, iodinated contrast media (ICM)
are widely used in diagnostic imaging, particularly in
techniques like X-rays-based modalities such as
computed tomography (CT) scans, to enhance the
visibility of internal organs. lodine attenuates X-rays,
thereby increasing image contrast and improving the
detection of pathological conditions, including
tumors, vascular occlusions, and structural abnormalities
[1]. Despite their clinical utility, the administration of
ICM is associated with adverse drug reactions (ADRs),
which remain an important safety concern in
radiological practice.

The incidence and severity of hypersensitivity
reactions (HSRs) vary according to the physicochemical
properties of contrast media (CM), particularly their
chemical structure (ionic versus non-ionic) and
osmolality (high-, low-, or iso-osmolar). Historically,
ionic high-osmolar contrast media (HOCM) were
associated with a higher frequency of adverse effects,
including warmth sensation, nausea, vomiting,
hemodynamic instability, and severe HSRs. These
agents exert significant osmotic effects by shifting
water from intracellular and interstitial compartments
into the intravascular space, leading to transient
plasma volume expansion, increased cardiac
workload, elevated blood pressure, and potential
renal injury. In contrast, low-osmolar contrast media
(LOCM) and iso-osmolar contrast media (IOCM), which
lack ionic dissociation and more closely approximate
plasma osmolality, demonstrate a more favorable
safety profile and a lower overall incidence of ADRs.
Previous studies have reported that patients receiving
ionic CM had a higher incidence of HSRs (4.17-12.66%)
compared with those receiving non-ionic CM (NICM)
(0.69-3.13%) [2-4]. Although the introduction of NICM
has substantially reduced the incidence of immediate
reactions, measurable rates of HSRs still occur. Immediate
cutaneous reactions—such as urticaria, rash, and
pruritus—have been reported in approximately 0.12%
to 1.15% of exposures, depending on patient

population and contrast agent used.

In the evaluation of suspected contrast-related
ADRs, structured causality assessment tools are
frequently applied to determine the likelihood of an
association between contrast exposure and clinical
manifestations. One widely used method is the Naranjo
algorithm, a standardized questionnaire consisting of
ten criteria that assess temporal relationship, alternative
causes, drug levels, dose-response relationships, and
previous patient experience with the agent. The total
score categorizes the reaction as definite, probable,
possible, or doubtful. Although rechallenge is rarely
feasible in CM reactions due to ethical and safety
concerns, the Naranjo algorithm remains a practical
and reproducible method to support causality assessment.
According to the American College of Radiology (ACR)
manual on CM [5], ADRs are classified into three
severity grades: mild, moderate, and severe. Mild
reactions are self-limited and include limited urticaria,
pruritus, and localized cutaneous edema. Moderate
reactions are more pronounced and typically require
medical intervention, such as diffuse urticaria, facial
edema without dyspnea, bronchospasm, wheezing,
or mild hypoxia. Severe reactions are life-threatening
and may result in permanent morbidity or mortality
if not promptly managed. These include severe
bronchospasm, significant hypoxia, hypotension,
hypertensive crisis, and anaphylactic shock [6-7]. Most
contrast-related ADRs are immediate reactions,
occurring within one hour—commonly within the first
30 minutes—after intravenous administration [8].
Approximately 70% develop within the first five
minutes. In contrast, non-immediate (delayed)
cutaneous reactions typically present from several
hours up to one week after exposure [2,5,9].

Despite the widespread use of NICM, comparative
data regarding differences among individual NICM
agents and their associated clinical manifestations
remain limited [3-4,7-8]. Furthermore, evidence
describing variations in reaction severity among
specific non-ionic agents is inconsistent. Therefore,
this study aimed to evaluate the incidence, clinical

characteristics, and severity of pharmacy associated
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with different NICM in patients undergoing CT.
Additionally, this study sought to determine whether
significant differences exist in clinical presentation and

severity profiles among individual agents.

Methods

A retrospective cohort study was conducted
using the electronic database of patients who underwent
contrast-enhanced CT procedures between January
1, 2021, and December 31, 2023 at the Department
of Radiology, Srinagarind Hospital after screening for
potentially eligible participants using the International
Statistical Classification of Disease and Related Health
Problems, 10th revision (ICD-10). Participants were
screened according to predefined inclusion and
exclusion criteria. Eligible participants were adults
(218 years, male or female) who received NICM, either
as a single agent or in combination with other NICM
agents, for the first time at the study hospital.

Participants were categorized into four groups
during screening based on HSR classification using the
Naranjo algorithm. Patients without evidence of acute

kidney injury or significant laboratory abnormalities—

including impaired creatinine clearance, elevated
aspartate aminotransferase (AST), alanine aminotrans-
ferase (ALT), or reduced estimated glomerular filtration
rate (eGFR)—were included. Exclusion criteria
comprised any condition that, in the investigator’s
judgment, would render the participant unsuitable
for study enrollment, including poor prognosis or
terminal illness with an expected survival of less than
three months. Patients receiving renal replacement
therapy or undergoing hemodialysis were also excluded.

Patients who experienced immediate or
delayed HSRs following administration of NICM were
defined severity symptoms by the Naranjo algorithm
(ADR Probability Scale was assessed relationship
between an identified untoward clinical event and
CM using a simple questionnaire to assign probability
scores) and pharmacist completed a category severity
on their symptoms with adverse reaction or pharmacy.
Descriptive statistics were used to summarize patient
demographics (gender, age, body mass index (BMI),
systolic blood pressure (BP), diastolic BP, creatinine,

and eGFR stage), and types of CM as presented in Table 1.

Table 1 Physicochemical characteristics of NICM classified by chemical structure

Chemical structure Type of CM lodine content Osmolality
(mg/mL) (mOsm/kg)

Nonionic monomers lobitridol (Xenetix®) 350 915

lomeprol (lomeron®) 400 726

loversol (Optiray®) 320 702

lohexol (Omnipaque®) 300 640

lopamidol (lopamiro®) 300 616

lopromide (Ultravist®) 300 590

Nonionic dimers lodixanol (Visipaque®) 320 290

Statistical analysis, the sample size was calculated
using Cochran’s formula for estimating proportions at
a 95% confidence level (z =1.96), with a margin of

error of 5% (e=0.05). Categorical variables are

presented as frequencies and percentages. Continuous
variables are reported as mean + standard deviation
(SD) for normally distributed data and as median with
interquartile range (IQR) for non-normally distributed

data. The association between types of CM and the
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severity of HSRs was analyzed using Fisher’s exact
test due to the presence of at least one contingency
table cell with an expected count of less than five.
All statistical analyses were performed using Stata
software, version 18.5 (StataCorp LLC, College Station,
TX, USA). All statistical tests were two-sided, and
p-value < 0.05 was considered statistically significant
Ethical approval for this study was obtained from the
Ethics Committee of the Faculty of Medicine,
Khon Kaen University (HE681161). All procedures were
conducted in accordance with the ethical standards
of the institutional research committee, Helsinki

Declaration and its later amendments.

Results

Demographic data and clinical characteristics

Total of the 412 participants, 175 (42.5%) were
male and 237 (57.5%) were female. The median age
was 60 years [IQR, 52-67 years). The mean body
weight was 61.08 + 12.03 kg, while the median height
was 160 cm (IQR, 154-166 cm). The median BMI was
23.39 kg/m2? (IQR, 20.93-26.33 kg/m2). The median
systolic and diastolic BP were 129 mmHg (IQOR,
116-141 mmHg) and 75 mmHg (IQR, 67-82 mmHg),
respectively. The mean serum creatinine level was
0.92 + 0.27 mL/dL. According to CKD staging, most
participants were classified as stage 1 (44.7%) or stage
2 (37.4%), with smaller proportions in stage 3a (7.3%),
stage 3b (7.3%), stage 4 (2.2%), and stage 5 (1.1%).
The mean eGFR was 26.00 = 14.94 mL/min/1.73 m?
among those with eGFR <60 mL/min/1.73 m2, and
148.00 + 85.06 mL/min/1.73 m? among those with
eGFR >61 mL/min/1.73 m? as presented in Table 2.

Table 2 Demographic and clinical characteristics of the study population (n = 412)

Variables Values

Gender, n (%)

Male 175 (42.5)

Female 237 (57.5)
Age, years old 60 (52-67)
Weight, kg 61.08 = 12.03
Height, cm 160 (154-166)
BMI, kg/m? 23.39 (20.93-26.33)

Systolic BP, mmHg
Diastolic BP, mmHg
Creatinine, mL/dL
eGFR stage, n (%)

Stage 1

Stage 2

Stage 3a

Stage 3b

Stage 4

Stage 5
eGFR <60 mL/min/1.73 m?
eGFR >61 mL/min/1.73 m?

129 (116-141)
75 (67-82)
0.92 £ 0.27

80 (44.7)
67 (37.4)
13 (7.3)
13 (7.3)
4(2.2)
2(1.1)
26.00 + 14.94
148.00 + 85.06

Note: Values are presented as number (percentage), mean + standard deviation (SD), or median (interquartile range

[IQR]), as appropriate. BMI = body mass index; BP = blood pressure; GFR = glomerular filtration rate (based on patients

with available eGFR data, n=179). GFR staging was classified according to estimated glomerular filtration rate (eGFR)
criteria. stage 1: 290 mL/min/1.73 m?; stage 2: 60-89 mL/min/1.73 m?; stage 3a: 45-59 mL/min/1.73 m?; stage 3b: 30-44
mL/min/1.73 m?; stage 4: 15-29 mL/min/1.73 m?; and stage 5: <15 mL/min/1.73 m2.
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Figure 1 The overall incidence of HSR rate associated with various NICM.

Note: HSR = hypersensitivity reaction; NICM = non-ionic iodinated contrast media; n = number of administrations. Inci-

dence was calculated as the number of HSR events divided by the total number of administrations for each agent. HSR

refers to immediate hypersensitivity reactions occurring within 1 hour after contrast administration. HSR rate (%) is cal-

culated among all exposures or per contrast agent. Provide the formula (e.g., HSR rate = number of HSR cases / total

exposures to that agent] x 100)

HSRs according to type of CM

A total of seven types of NICM were used
during the study period, with usage frequencies
ranging from 0.77% (iomeprol) to 23.59% (iopromide).
The highest HSR incidence rate was observed with
iomeprol (100.00%), iohexol (88.60%), iobitridol
(88.00%), ioversol (87.50%), iopromide (86.95%),
>2 agents (83.33%), iopamidol (77.14%), followed by
use of >3 agents (76.67%) and, iodixanol (69.56%),
respectively as presented in Figure 1.

The distribution of HSRs according to the
generic profile of NICM interpreted that mild reaction
predominated across all CMs. Specially, iopromide
accounted for the highest number of mild reactions
(23.99%), followed by iohexol (20.23%) and iobitridol
(12.72%), whereas iomeprol exhibited the lowest
frequency (0.87%). These findings suggest that,
although mild HSRs remain the most common
presentation regardless of contrast type, the absolute

frequency varies among individual agents. Moderate

reactions were uncommon and occurred only
sporadically, with one case reported for iopromide,
iopamidol, iohexol, and ioversol.

In contrast, no HSR were observed with iodixanol,
iomeprol, or iobitridol. Severe reactions were rare
overall. lopromide showed the highest proportion of
four cases (36.36% of severe reactions), followed by
iodixanol and iobitridol (each 18.18%). In contrast, no
severe reactions were observed with iopamidol or
iomeprol. Despite these numerical differences,
statistical analysis demonstrated no significant
association between the type of NICM and HSR
severity (all p > 0.05). This suggests that the observed
variations in severity distribution may be attributable
to sample size differences or exposure frequency
rather than intrinsic differences in allergenic potential
among the agents. Overall, the findings reinforce that
most HSRs to NICM are mild and that severe reactions

remain infrequent across all CMs as presented in Figure 2.
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Figure 2 The overall incidence and severity of HSR according to the generic profile of NICM

Note: The p-value (p = 0.648) represents the overall association between the type of non-ionic iodinated contrast

media (NICM) and the severity distribution of hypersensitivity reactions (HSRs), as assessed using Fisher’s exact test.

No statistically significant difference in severity distribution was observed among the different NICM agents. The p-value

(Fisher’s Exact Test) is correctly used for categorical data, but indicates the significance threshold (e.g., p < 0.05)

Clinical characteristics, and symptom of HSRs
Among patients who experienced HSRs, the
most frequently reported symptoms were rash with
itching and urticaria, observed across nearly all
contrast agents. Rash and itching were most frequently
reported in patients receiving iopromide and iohexol
(45 cases each, 23.81%), followed by >2 contrast
types (28 cases, 14.81%), and iobitridol (24 cases,
12.70%). Urticaria was most frequently associated with
iopromide (31 cases, 23.48%) and iohexol (19 cases,
14.39%). Less common symptoms included isolated

itching, dyspnea, edema, angioedema, anaphylaxis,

skin eruption, chills, and tachycardia. Eight reactions
such as anaphylaxis occurred most often with iopromide
(4 cases, 36.36%), iodixanol (2 cases, 18.18%),
iobitridol (2 cases, 18.18%), and while angioedema
was most frequently observed with iopamidol and
iohexol (2 cases each, 25.00%). Dyspnea and edema
were reported mainly with iopromide, iohexol, and
iopamidol. Rare manifestations included chills (only
in one patient with iopromide) and tachycardia (one
patient with =2 contrast types). Overall, the distribution
of symptom types varied across contrast agents, with
milder cutaneous symptoms predominating as

presented in Table 3.
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Discussion

In this study, HSRs to NICM were predominantly
mild and primarily limited to cutaneous manifestations,
whereas moderate and severe reactions were
infrequent but clinically relevant. The incidence and
severity observed in the present study are consistent
with previous reports, demonstrating that modern
non-ionic, low-osmolar CM are associated with fewer
adverse reactions compared with conventional ionic
formulations [2-3]. The incidence of HSRs with
non-ionic agents typically ranges from 0.5% to 3%
while as mild to moderate reactions usually occur in
0.7% to 3.0% of administrations, while severe r
eactions are exceedingly rare, often below 0.04%
[6,10]. Although numerical differences in reaction rates
were observed among individual contrast agents, no
statistically significant association was identified
between the type of CM and reaction severity. These
findings suggest that, within contemporary non-ionic
formulations, overall safety profiles are comparable
in routine clinical practice.

Beyond agent-specific comparisons, structural
and physicochemical characteristics of ICM warrant
consideration. CM are structurally classified as
monomeric or dimeric compounds, with dimeric
agents containing two tri-iodinated benzene rings
within a single molecule. These structural differences
influence osmolality, viscosity, and molecular weight,
which may in turn affect biological interactions at the
cellular level. Dimeric iso-osmolar agents generally
exhibit lower osmolality but higher viscosity
compared with monomeric low-osmolar agents. Such
physicochemical variations may theoretically
modulate mechanisms implicated in HSRs, including
direct mast cell activation, complement activation,
and non-lgE-mediated pathways. Although our data
did not demonstrate statistically significant differences
in reaction severity across individual agents, structural
properties remain biologically plausible contributors
and may exert subtle effects that require larger,

adequately powered studies to elucidate.

The potential influence of patient-specific
factors must also be interpreted cautiously. While
previous literature suggests that a history of prior
contrast reactions, atopy, asthma, or other allergic
conditions may increase susceptibility to HSRs [4,11],
our study did not include multivariable modeling to
assess the independent contribution of these variables
within our cohort. Therefore, the suggestion that
individual susceptibility plays a role is supported
primarily by external evidence rather than direct
statistical confirmation from our dataset. Future
prospective studies incorporating comprehensive
risk-factor analysis would be essential to refine
individualized risk stratification and preventive
strategies.

From a clinical perspective, the predominance
of mild reactions reinforces the overall safety of NICM
in contemporary practice. However, the occurrence
of moderate and severe reactions, although rare,
underscores the importance of preparedness,
standardized monitoring protocols, and rapid
management strategies in radiology departments.

Several limitations should be acknowledged.
The retrospective design introduces potential
selection and information bias, as data were derived
from existing medical records that may contain
incomplete documentation or misclassification of
reaction severity. Missing data and inconsistent
reporting could have influenced outcome assessment.
Additionally, the single-center nature of the study
may limit generalizability to other institutions with
different patient demographics, contrast utilization
patterns, or clinical protocols. Finally, the relatively
low incidence of moderate-to-severe reactions may
have limited statistical power to detect small but
clinically meaningful differences between contrast
agents. These limitations highlight the need for
multicenter, prospective investigations with
standardized reporting systems to validate and extend

the present findings.
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Conclusion
HSRs to INCM are usually mild, most often
presenting as rash, itching, or urticaria. Eight events,
though uncommon, remain clinically significant.
Susceptibility depends more on patient-specific
factors than on type of CM. Rigorous risk assessment
and adherence to emergency protocols are essential

to ensure safety during contrast-enhanced imaging.
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Abstract
Background and objective: Widespread self-medication for minor pain has led to extensive use of nonsteroidal

anti-inflammatory drugs (NSAIDs), sometimes for inappropriate indications, potentially increasing the risk of
hypersensitivity reactions (HSRs). Real-world data on the incidence and clinical characteristics of NSAID-induced HSRs
remain limited. This study aimed to estimate the incidence and characterize the clinical patterns of
NSAID-induced HSRs at Srinagarind Hospital.

Methods: A retrospective cross-sectional study was conducted using electronic medical records from January
1, 2021, to December 31, 2023. Patients with documented immediate HSRs following NSAID exposure were
identified. Causality was assessed using the Naranjo algorithm. Descriptive and inferential analyses were
performed to estimate incidence and evaluate associations between NSAID type and reaction severity.
Results: Total of 1,349 patients with NSAID-associated HSRs were included; 70.5% were female, with a mean
age of 51.96 + 16.32 years. Ibuprofen accounted for the largest proportion of reactions (491, 36.40%), followed
by diclofenac (254, 18.83%), naproxen (119, 8.82%), aspirin (97, 7.19%), and celecoxib (90, 6.67%). Most reactions
were moderate (1,213, 89.90%), with severe events in 82 cases (6.07%). The majority were non-serious (1,232,
91.33%), with hospitalization in 70 cases (5.19%) and life-threatening reactions in 2 (0.14%). Causality was mainly
classified as probable (685, 50.78%) or possible (649, 48.11%), while definite reactions were rare (14, 1.04%)
and only one case (0.07%) was classified as doubtful. Cutaneous manifestations predominated, particularly rash
and itching (24.54%) and angioedema (24.46%); anaphylaxis occurred in 82 cases (6.07%). Severe cutaneous
adverse reactions were uncommon (SJS 0.44%, DRESS 0.29%, AGEP 0.29%). No significant associations were
observed between NSAID type and reaction severity (p > 0.05).

Conclusion: NSAID-induced HSRs were predominantly moderate and non-serious. Ibuprofen was the most
frequently implicated drug, followed by diclofenac and naproxen, underscoring the importance of vigilant

monitoring and preventive strategies to reduce NSAID-related hypersensitivity.

Keywords: nonsteroidal anti-inflammatory drugs, hypersensitivity reactions, NSAID-induced HSRs
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Introduction

Nonsteroidal anti-inflammatory drugs (NSAIDs)
are among the most widely prescribed and self-
administered medications worldwide because of their
well-established analgesic, anti-inflammatory, and
antipyretic properties. They are commonly used for
both acute and chronic conditions, particularly in
musculoskeletal disorders, postoperative pain, and
chronic inflammatory diseases. However, patterns of
NSAID utilization are influenced by cultural factors,
healthcare accessibility, and regulatory policies.
In Thailand, NSAIDs are not classified as over-
the-counter (OTC) medications and must be
dispensed under pharmacy supervision. Nevertheless,
unauthorized sales in non-pharmacy retail outlets
have been reported and are considered illegal.

Inappropriate NSAID use includes prescribing
without clear indications, excessive dosing, prolonged
use beyond guideline recornmendations, concomitant
use of multiple NSAIDs, and prescribing in high-risk
populations without adequate monitoring or
gastroprotective strategies. The magnitude of this
issue is substantial. Previous studies have shown that
a significant proportion of adult outpatients receive
NSAIDs despite having established risk factors such as
advanced age, chronic kidney disease (CKD),
cardiovascular disease, hypertension, diabetes
mellitus, or concomitant use of nephrotoxic or
anticoagulant medications. These prescribing patterns
may expose patients to preventable adverse clinical
outcomes. Importantly, the consequences of
inappropriate NSAID use extend far beyond
hypersensitivity reactions (HSRs). Although drug HSRs
remain clinically relevant, more common and
clinically significant complications include acute
kidney injury, progression of CKD, gastrointestinal
bleeding, peptic ulcer disease, heart failure
exacerbation, destabilized hypertension, and
increased cardiovascular events. NSAIDs are broadly
classified according to their mechanism of action into
cyclooxygenase-1 (COX-1) inhibitors (e.g., diclofenac,

indomethacin, piroxicam, ibuprofen, naproxen, and

mefenamic acid) and cyclooxygenase-2 (COX-2)
inhibitors (e.g., celecoxib and etoricoxib). Differences
in COX selectivity may influence both therapeutic
efficacy and adverse event profiles, including HSRs.

The prevalence of hypersensitivity to NSAIDs
has been estimated to range from 1.5% to 3% in the
general population, and NSAIDs account for up to
20% of all adverse drug reactions [1]. In adult patients
with asthma, aspirin intolerance occurs in approximately
4.3% to 11% of cases, and in those with both asthma
and nasal polyposis, the prevalence increases to
25.6-40% [1,2]. Aspirin intolerance is also more
frequently observed in patients with chronic idiopathic
urticaria (CIU), and NSAIDs are among the leading
causes of drug-induced anaphylaxis [3]. Additional risk
factors for NSAID hypersensitivity include female
gender, young adulthood, atopy [4], and intermittent
NSAIDs use for acute pain relief [5]. Clinical studies
conducted at tertiary allergy centers in Thailand have
described the clinical characteristics of patients with
suspected NSAID hypersensitivity and identified
common manifestations such as angioedema and
cross-reactivity to multiple NSAIDs [6,7]. In addition,
recent advances in pharmacogenetics have improved
the understanding of drug HSRs, indicating that genetic
variations influencing drug metabolism and immune
pathways may contribute to interindividual differences
in susceptibility to NSAID-induced HSRs. These
insights may facilitate improved risk prediction and
personalized therapeutic strategies [1].

Despite increasing awareness of the risks
associated with NSAID use, real-world data quantifying
the incidence and clinical spectrum of NSAID-induced
HSRs in adult outpatient populations remain limited,
particularly in tertiary care settings in Southeast Asia.
Moreover, comparative data evaluating hypersensitivity
patterns in relation to NSAID exposure in routine
clinical practice are scarce. Therefore, this study was
undertaken to address these knowledge gaps.
The primary objective was to estimate the incidence
rate of NSAID-induced HSRs among patients receiving

NSAID therapy. The secondary objectives were to
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characterize the clinical phenotypes and patterns of
NSAID-induced HSRs, evaluate their severity spectrum,
and delineate the extent of organ-system involvement

associated with these reactions.

Methods

Study design and setting: This retrospective
cross-sectional study was conducted at the Department
of Pharmacy, Srinagarind Hospital, Faculty of Medicine,
Khon Kaen University, Thailand. Data were obtained
from the hospital’s electronic medical record system
for the period between 1 January 2021 and 31
December 2023.

Study population: Adult patients (=18 years)
who received at least one NSAID during the study
period at Srinagarind Hospital were screened according
to predefined eligibility criteria. Patients who
subsequently developed suspected HSRs were
included in the analysis. HSRs were identified using
diagnostic codes (ICD-10) from electronic medical
records and confirmed through clinical documentation
and causality assessment using the Naranjo algorithm.
Patients were categorized according to NSAIDs type
into COX-1 inhibitor and COX-2 inhibitor groups.
Eligible patients were required to have no evidence
of baseline acute kidney injury and no significant
laboratory abnormalities, including creatinine
clearance, aspartate aminotransferase (AST), alanine
aminotransferase (ALT), and estimated glomerular
filtration rate (eGFR). Patients were excluded if key
clinical data were incomplete or if the temporal
relationship between NSAIDs exposure and reaction
onset was unclear. Individuals with terminal illness,
an expected survival of less than three months, or
other conditions deemed inappropriate for inclusion
by the investigators were also excluded.

Assessment of NSAID hypersensitivity:
NSAID-induced HSRs were evaluated based on clinical
symptoms, and causality was assessed using the
Naranjo algorithm. To determine the likelihood that
the suspected NSAID caused the reaction. This
algorithm consists of a structured 10-item questionnaire
assessing factors such as the temporal relationship

between drug exposure and symptom onset,

improvement after drug withdrawal (dechallenge),
recurrence after re-exposure (rechallenge), alternative
causes, previous history of similar reactions, and
objective clinical evidence. Each response was
assigned a weighted score, and the total scores are
classified the likelihood of an adverse drug reaction
as definite (29), probable (5-8), possible (1-4), or
doubtful (<0). This standardized approach was used
to identify the suspected culprit NSAID and ensure
consistent documentation of HSRs.

Statistical analysis: Descriptive statistics
summarized patient demographics. Categorical
variables were expressed as frequencies and percentages,
while continuous variables were reported as means
+ standard deviations (SD). Causality between NSAIDs
exposure and HSR was assessed using the Naranjo
algorithm, as described in the methods section.
Statistical significance was defined as a two-sided
p-value < 0.05. All analyses were performed using
Stata version 18.0 (StataCorp, College Station, TX,
USA). Ethical approval for this study was obtained
from the Ethics Committee of the Faculty of Medicine,
Khon Kaen University (Approval No. HE681190).

Results

Baseline characteristics

A total of 1,349 participants were included in
the analysis as presented in Table 1. The majority of
participants were female (n = 951, 70.50%), while
male participants comprised 29.50% (n = 398). The
mean age was 51.96 + 16.32 years. The mean body
weight and height were 62.31 + 13.91 k¢ and
159.61 + 11.62 cm, respectively. According to the
eGFR staging, nearly half of the patients were
classified in stage 1 (n = 184, 49.33%), followed by
stage 2 (n = 141, 37.80%). The remaining patients were
divided among stage 3a (n = 25, 6.70%), stage 3b
(n = 10, 2.68%), stage 4 (n = 6, 1.61%), and stage 5
(n =7, 1.88%). The mean serum creatinine level was
recorded at 1.01 + 1.25 mg/dL. The most common
primary diagnosis was musculoskeletal system and
connective tissue disorders (n = 255, 19.03%),
followed by cancer (n = 111, 8.28%) and skin and

subcutaneous tissue disorders (n = 109, 8.13%).

254 ATUATUNTIIFANT 2569; 41(2) @ Srinagarind Med J 2026; 41(2)



qﬁﬁmmﬁmzéﬁmmsmmﬁﬁnmaaﬂﬁﬁ?mgmnﬁu ® Incidence and Clinical Characteristics of Nonsteroidal Anti-inflammatory Drugs

Other notable categories included respiratory system
diseases (n = 105, 7.84%), genitourinary system
diseases (n = 105, 7.84%), digestive system diseases
(n = 75, 5.60%), metabolic diseases (n = 55, 4.10%),

nervous system disorders (n = 55, 4.10%), and

Table 1 Demographic data (n = 1,349)

cardiovascular diseases (n = 53, 3.96%). Less frequent
conditions included infectious and parasitic diseases
(n = 34, 2.54%), mental and behavioral disorders
(n =24, 1.79%), essential hypertension (n = 17, 1.27%)
and other diagnosis accounted for 25.52% (n = 342).

Demographic data n (%)
Gender
Female 951 (70.50)
Male 398 (29.50)
Age (years) 51.96+16.32
Weight (kg) 62.31+13.91
Height (cm) 159.61+11.62
eGFR stage (1.73 ml/min/m?)
Stage 1 184 (49.33)
Stage 2 141 (37.80)
Stage 3a 25 (6.70)
Stage 3b 10 (2.68)
Stage 4 6 (1.61)
Stage 5 7(1.88)
Creatinine (mg/dl) 1.01£1.25
Diagnosis
Cancer 111 (8.28)
Cardiovascular disease 53 (3.96)
Essential (primary) hypertension 17 (1.27)
Metabolic disease 55 (4.10)
Musculoskeletal system and connective tissue 255 (19.03)
Respiratory system 105 (7.84)
Digestive system 75 (5.60)
Genitourinary system 105 (7.84)
Skin and subcutaneous tissue 109 (8.13)
Nervous system 55 (4.10)
Mental and behavioral disorders 24.(1.79)
Infectious and parasitic disease 34 (2.54)
Other diagnosis 342 (25.52)

Note: Data are presented as n (%) for categorical variables and mean + standard deviation (SD) for continuous variables.

eGFR = estimated glomerular filtration rate (mL/min/1.73 m?). eGFR stages were classified according to the Kidney

Disease: Improving Global Outcomes (KDIGO) guidelines which eGFR classification was based on patients with available

laboratory data. Diagnoses were categorized according to the International Classification of Diseases, 10th Revision

(ICD-10).
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In terms of severity, most adverse drug reactions
(ADRs) were moderate, with significant variation
observed across different agents. lbuprofen accounted
for the largest proportion of moderate reactions (446
cases, 37.14%), followed by diclofenac (220 cases,
18.32%) and naproxen (109 cases, 9.07%). Severe
reactions were most frequently associated with
ibuprofen (31 cases, 37.80%) and diclofenac (25
cases, 30.49%), while naproxen (7 cases, 8.54%),
etoricoxib (8 cases, 9.76%), and mefenamic acid
(4 cases, 4.88%) contributed to smaller numbers.

Regarding seriousness, the majority of ADRs
were classified as non-serious (ranging from 17.96%
to 37.09% across different agents). However,
hospitalization due to ADRs was most common with
diclofenac (24 cases, 34.29%) and ibuprofen (25
cases, 35.71%). Life-threatening events were rare,
occurring only in cases involving diclofenac (1 case,
50.00%) and naproxen (1 case, 50.00%). Serious
events classified as “other” were most frequently
associated with ibuprofen (14 cases, 40.00%) and
diclofenac (8 cases, 22.86%). Based on causality
classification assessed using the Naranjo algorithm,
the majority of reactions were categorized as probable
(ranging from 18.71% for diclofenac to 35.67% for
ibuprofen) or possible (with ibuprofen showing the
highest number of cases at 244, or 46.39%). Definite
ADRs were uncommon, with the highest occurrences
in diclofenac (4 cases, 28.57%) and ibuprofen (3 cases,
21.43%). Doubtful ADRs were rare, recorded only in
conjunction with diclofenac (1 case, 100%). Most
reactions were mild to moderate and non-serious
across all NSAIDs. Ibuprofen accounted for the highest
proportion of reported reactions, followed by
diclofenac. Diclofenac and ibuprofen showed
relatively higher proportions of severe and serious
HSRs; however, the associations between NSAID type
and reaction severity (p = 0.081), seriousness
(p = 0.435), or causality classification (p = 0.787) was
not statistically significant as presented in Table 2.

The distribution of HSRs associated with
individual NSAIDs as presented in Table 3. Overall,
cutaneous manifestations were the most frequently
reported reactions, with rash and itching, angioedema,
generalized skin eruption, and allergic urticaria

accounting for the majority of cases across most
NSAIDs.

Rash and itching represented the most common
presentation overall, accounting for 32.98% of
aspirin-related reactions, 28.09% of celecoxib, 22.80%
of diclofenac, 19.05% of etoricoxib, and 25.73% of
ibuprofen-associated reactions. Similarly, angioedema
was frequently observed, particularly with ibuprofen
(30.29%), etoricoxib (25.00%), naproxen (25.42%), and
diclofenac (23.20%). Allergic urticaria was also
commonly reported across multiple NSAIDs, including
diclofenac (13.20%), mefenamic acid (12.22%), and
celecoxib (10.11%).

Systemic reactions were less frequent but
clinically significant. Anaphylaxis occurred most
commonly with diclofenac (12.80%), followed by
naproxen (8.47%) and ibuprofen (4.98%), whereas
only sporadic cases were observed with other NSAIDs.
Respiratory manifestations such as bronchospasm and
wheezing were uncommon, with bronchospasm
occurring primarily in association with ibuprofen
(1.66%) and diclofenac (2.00%).

Severe cutaneous adverse reactions were rare.
Stevens—Johnson syndrome (SJS) was reported in a
small number of cases associated with etoricoxib
(3.57%), mefenamic acid (1.11%), naproxen (0.85%),
and parecoxib (1.32%). Drug reaction with eosinophilia
and systemic symptoms (DRESS) occurred only in a
few cases related to ibuprofen (0.62%) and parecoxib
(1.32%), while acute generalized exanthematous
pustulosis (AGEP) was observed only with diclofenac,
ibuprofen, and naproxen.

Other reactions, including palpitations, edema/
eczema, mucositis, dizziness, and gastrointestinal
symptoms, were reported with varying frequencies
but generally represented a smaller proportion of
events. Certain rare manifestations, such as drue-
induced hepatitis, hypotension, petechiae, and local-
ized drug eruptions, were reported only sporadically.
Overall, the data demonstrate that cutaneous HSRs
predominated across all NSAIDs classes, whereas
severe systemic and life-threatening reactions were
relatively uncommon but occurred with several
commonly prescribed agents, particularly diclofenac
and ibuprofen.
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Discussion

From a policy perspective, promoting rational
drug use (RDU) for NSAIDs is essential to reduce the
risk of drug-related adverse reactions, including HSRs.
Healthcare providers should carefully evaluate the
indications for NSAIDs therapy, use the lowest
effective dose for the shortest duration, and assess
patients’ history of drug allergy before prescribing.
In addition, strengthening pharmacovigilance systems
and educating patients about the appropriate use of
NSAIDs may help prevent inappropriate use and
improve medication safety. However, this study
comprehensively evaluated the spectrum of HSRs
associated with various NSAIDs, revealing considerable
variability in clinical manifestations across different
agents. The incidence observed in this study is
comparable to findings reported in previous studies
from other populations. Several studies conducted
in different countries have reported varying incidences
of NSAID-induced HSRs, which may be influenced by
genetic background, prescribing patterns, and
differences in healthcare systems. In Thailand,
previous pharmacovigilance studies have also reported
similar patterns of HSRs associated with commonly
used NSAIDs. These variations highlight the potential
influence of ethnic and regional differences in drug
utilization and susceptibility to ADRs.

Rash and itching were the most prevalent
symptoms, which is consistent with previous studies
indicating that cutaneous manifestations are the
dominant clinical phenotypes of NSAID hypersensitivity,
particularly NSAID-induced urticaria/angioedema
(NIUA) [8,9]. The relatively high incidence of angioedema,
particularly with ibuprofen (30.29%), diclofenac
(23.20%), and naproxen (25.42%), underscores the
importance of monitoring for potentially severe
swelling that may compromise airway patency [10].
The higher number of HSRs associated with ibuprofen
observed in this study may be related to its
widespread use in clinical practice rather than
indicating that it carries the highest risk among NSAIDs.

Ibuprofen is commonly prescribed due to its

availability and perceived safety profile, which may
increase the likelihood of reported reactions.
Anaphylaxis, a life-threatening systemic reaction, was
most frequently reported with diclofenac (12.80%),
followed by ibuprofen and naproxen. This aligns with
previous evidence indicating diclofenac as a common
culprit for severe NSAID hypersensitivity [11]. The
occurrence of rare but serious cutaneous adverse
reactions such as SJS and AGEP emphasizes the
critical need for early recognition and prompt
discontinuation of the offending agent [12]. Etoricoxib
association with SJS (3.57%) in our cohort is noteworthy
and warrants cautious use in susceptible populations.
Other symptoms, including bronchospasm,
palpitations, and edema/eczema, although less
frequent, contribute to the heterogeneity of
NSAID hypersensitivity and highlight the multifaceted
nature of these reactions. The presence of mucositis
and fixed drug eruptions further reflects the complex
immunopathology underlying NSAID-induced adverse
events. These manifestations are generally classified
as delayed-type HSRs mediated by drug-specific
T lymphocytes. Previous case series have documented
NSAIDs as potential causative agents of fixed drug
eruptions, underscoring the diverse spectrum of
cutaneous phenotypes associated with NSAID
hypersensitivity [13]. The findings also underscore the
challenges in clinical management due to the overlap
of symptoms among different NSAIDs and the
variability in individual patient responses. These
findings highlight the importance of individualized
patient assessment, including a detailed medical
history and physical examination, as key components
of the diagnostic management of drug hypersensitivity.
When available, diagnostic testing such as drug
provocation tests, skin tests, and in vitro assays may
further support the identification of culprit drugs and
guide safer NSAID use [14]. Moreover, variation in the
incidence of HSRs among different NSAIDs may be
explained by differences in their pharmacological
properties and pathogenic mechanisms. Many

NSAID-induced HSRs are thought to be related to
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COX-1 inhibition, which can shift arachidonic acid
metabolism toward increased leukotriene production,
leading to inflammatory and allergic manifestations.
In addition, some reactions may involve immunological
mechanisms that are specific to certain drugs. These
differences may contribute to the variability in HSRs
rates observed among different NSAIDs. However, no
statistically significant association was observed in this
study. Thus, this finding should be interpreted with
caution because the imbalance in sample size among
the groups may have limited the statistical power to
detect a true association.

This study has several limitations that should
be considered when interpreting the findings. First,
due to the retrospective design, the study relied on
information recorded in medical records, which may
have resulted in incomplete clinical data. Second,
there may be reporting bias, as not all ADRs are
consistently documented or reported. In addition, the
imbalance in sample size among some groups may
have limited the statistical power of the analysis.
Therefore, the findings should be interpreted with
caution. A system perspective, strategies to improve
medication safety should include strengthening
pharmacovigilance systems and encouraging more
consistent reporting of adverse drug reactions.
In addition, promoting RDU policies for NSAIDs,
increasing awareness among healthcare professionals
regarding drug hypersensitivity, and implementing
routine screening of patients’ history of drug allergies
before prescribing NSAIDs may help reduce inappropriate
use and prevent HSRs. In conclusion, NSAID-induced HSRs
presents with a wide range of clinical manifestations,
varying by specific agent. Awareness of these patterns
is crucial for clinicians to enhance diagnosis, patient
counseling, and therapeutic decision-making, thereby

minimizing adverse outcomes.

Conclusion

NSAID-induced HSRs encompass a broad
clinical spectrum, ranging from mild cutaneous
symptoms such as rash and itching to severe
manifestations including anaphylaxis and SJS. The
incidence and type of reactions vary significantly
among different NSAIDs, with agents like diclofenac
and ibuprofen showing higher frequencies of serious
events. Clinicians should maintain high vigilance when
prescribing NSAIDs, particularly in patients with prior
hypersensitivity. Early recognition and prompt
management of adverse reactions are crucial to
improving patient safety. Further prospective research
is warranted to elucidate underlying mechanisms and

optimize diagnostic and therapeutic strategies
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ABSTRACT

Background and objectives: Core volunteers at the TO BE NUMBER ONE Friend corner center must possess
strong mental resilience to effectively care for members who utilize the center’s services sustainably and
efficiently. Strengthening mental resilience is therefore a crucial factor that enables volunteers to perform their
duties to their fullest potential. This study aimed to develop and evaluate the effects of the “I can” program
on the mental resilience of core volunteers at the TO BE NUMBER ONE friend corner center.

Methods: This study employed a research and development design incorporating a randomized controlled
trial, conducted during the 2025-2026 fiscal year. The sample consisted of 106 TO BE NUMBER ONE volunteer
leaders (aged 18-24 years) from senior high schools and vocational colleges, equally divided into an
experimental group and a control group (n = 53 per group). Outcome measures included psychological
resilience, mindfulness, and quality of life (EQ-5D-5L and VAS). Data was analyzed using intention-to-treat (ITT)
principle. Descriptive and inferential statistics were applied to compare between-group differences and estimate
relative risks (RR)

Results: The evaluation of the “I can” program revealed that the experimental group’s psychological resilience

increased significantly and was higher than that of the control group at the 1-month and 2-month follow-ups
(p<0.05). At the 2-month follow-up, the RR was 0.42 (95%Cl=0.267-0.685; p<0.001). Furthermore, the
experimental group showed significantly higher levels of mindfulness at all post-intervention time points (p<0.05)
and reported significantly better quality of life scores at the 2-month follow-up compared to the control group
(p<0.05).

Conclusions: The “I can” program is effective in enhancing psychological resilience, mindfulness, and quality
of life among youth volunteer leaders. These findings suggest the program’s potential for application in mental

health promotion for similar youth populations.

Keywords: The “| can” program, TO BE NUMBER ONE Friend corner center volunteer leaders, psychological

resilience, mindfulness, youth mental health
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UNANED
Pivideuazinguszasd: andgiaumuoinmiiy (methamphetamine use disorder) slsifiensnuiilasunisoydd

o

a

sghadumanislutiagiu mﬁmwfﬁ@wumwé’ﬂgmLﬁ?mﬂixifﬂﬂmalﬁ?fﬂﬁﬁ’amewﬂmmmmi (evolutionary
synthesis) Liiadiaszinindsuinuanuuimisdadugarufianifuatouazuianssudanalnlnailugied
WA, 2563-2569

3Bmsfnw: numwissanssuegulusyuuriugiudeya PubMed, Scopus wag Cochrane Library Andenianans
I 44 Aty Usenausisn1smuniuissanssueg adussuu (systematic review) n1s3Asigiodiuy (meta-
analysis) wazn1snaasdLuvduuaziinguatuAn (randomized controlled trials) Inauvsndngiueanidu 3 svuz
un indadanaiu anufniiluilagdu uasuianssuluowan

nan13fnw: vidngudisUsedindatuayulseavsnavesengasnauuamsnleu (naltrexone) wilndnsiuiuylnsiieau
(bupropion) wia3uuszniu Jufiudasnevaussifesar 13.6 Wisufunguemasniosas 2.5 (p < 0.001) uaz
wesmenTu (mirtazapine) wiafuuszniu drvannslderegaiifivddny (o = 0.004) vauziengudug dwilg
itedrialunsairsnssaiandidedu dwiuiiandusuamjatunsiannenguaiiduiuidauazmaluladiv
fifiarusumnzsenalnmeauesuiniu

a3l ergasnanuawmsnisuriiadasiuduyinsiiveuviasulsemusazimesmedusiasuuseniu Wunuden
fisifnenmgeanludlaqdy ogslsinm msdnuniifivssansnmgeanenadesendonisysannisivssanunduiite
iihfumsidamedndeenetnauszuy eifidnsnisasegluszuunsnvinasadndmendindidedy

AdAey: AdzdawmieNmnniy, ndyinde, Msshwimeeiansua, Ryeansidasedng, winnssunisinwm
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Abstract

Background and objectives: Methamphetamine use disorder currently lacks officially approved pharmacotherapy.
This study aimed to review evidence-based pharmacotherapy using evolutionary synthesis to analyze the
transition from conventional approaches to contemporary advances and novel mechanistic innovations during
2020-2026.

Methods: A systematic literature review was conducted via PubMed, Scopus, and Cochrane Library. Forty-four
documents were selected, comprising systematic reviews, meta-analyses, and randomized controlled trials. The
evidence was categorized into three phases: conventional pharmacotherapy, contemporary advances, and
future innovations.

Results: Evidence supports the efficacy of injectable naltrexone combined with oral bupropion, which increased
the response rate to 13.6% compared to 2.5% in the placebo group (p < 0.001). Oral mirtazapine also
demonstrated a significant reduction in substance use (p = 0.004), whereas most other drug classes showed
limitations in achieving sustained abstinence. Future directions focus on the development of immunotherapy
and novel technologies with increased specificity toward brain mechanisms.

Conclusion: Injectable naltrexone combined with oral bupropion and oral mirtazapine are the most viable
options currently available. However, achieving maximum treatment efficacy may require the systematic
integration of pharmacotherapy and psychosocial interventions to enhance treatment retention and sustainable

clinical outcomes.

Keywords: methamphetamine use disorder, pharmacotherapy, combination pharmacotherapy, evidence-based

medicine, innovative treatments
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unin

INORATITUATTEAULANINNITUNS TEUIATBIUN
waslWm1du (methamphetamine) dewansgnunold
110111 35 duau leeddnsinindsdinainnisly
Aurunauisdusioidiostausd we. 2550 [1,2] Tugiina
wleny Jusendedld sudsumealve Godugudnans
a’hﬁzg‘ﬁ'Lm%zyﬁ’uﬂ%mmmil,awamﬁLﬂ'w‘ﬁumumaﬁ’u
sndianad [3] Toyaangnd .. 2568 seyinUsemelng
Tlasunansenuiie 1.5 anuau [4] neliinnisenisdany
LAYANSITUAYITAUTULSY TaKRIn1TULIMNINITIANTS
fifiuszansam

Wm%a%'ﬁwm‘uaﬂmwﬁaﬂénLﬁmmﬂmiaaﬂqmé
ruansdeuszamnagalulutediu (monoamines) U3una
wmea lneanizlauiiu (dopamine) wazupstounsuy
(norepinephrine) H1un1ssunIulUsAuudsansie
Usgan vesicular monoamine transporter 2 (VMAT-2)
iluganuilufivuasnisdniavlussuulszam (5]
FsdmanszyusaszUUMTIAR (cognitive function) uag
8IN15M1930 (psychosis) [6] uenanil NGNINITNOUYN
(withdrawal syndrome) LLasmﬂﬁﬁ'émﬁumﬁﬂejm?Ju
Fuduguassedfaysenudnialunssnm [7]

win1sUrdanedndeay 1wy n13dnnisusegla
(contingency management; CM) Lagn15U1UnauAn
WaENgANIIY (cognitive behavioral therapy; CBT)
aziuanasgundn usndunudasnisnduluianed
Tuszduge [1] dodrindrdnRedlsifnduindailesu
n1seudfed1niuniinisainesdniseinisuazen
wisanigelidni (U.S. Food and Drug Administration;
US FDA) [7,8] ﬁﬂﬂ”’wiz%w%maﬁummwm&Jﬂzjﬂuaﬁm
wisuwmeaaiy Seldfinnudauiismelunisadis
Msananiidady [9] Sﬁqszj'mdfmmﬂms%’ﬂmﬁﬁﬂﬂémi
wanwnmadenludfifnminidu

nMsfnwEsr Rt ndsiide
dmsunneinunuasiniiulugasivaie (w.ea. 2563-
2569) flUszansnaidauszdnduaznisidsuniuves
uinnssuedils Tnefiinguazasdiilodunnevindngiu
n9AdINHIUNNTIANGUTRATAUINTT (evolutionary
synthesis) maumqm‘?qLwimé’%ﬂ']ﬁméy'q@u ANATINN
vosggnsnanlutandy Wandwinnssuluswan wu
QiifuiuUUn uagnsunndusiugn (precision medicine)
wiodunuamslunisnsusunagndnisnvinuuysan
nsdmsuyaaInImentswnnd wasidugiudeyaids
ulsneanssaguiifinnuviuasiosioly

ABn1sAnEn

MSANEHRL LN SNUNILITT NS ST UTTENY
fifinsrurunisduduegranduszuy (systematic-like
narative review) WaiuTankardansgindngiu
WeuszdnemunduUrindmsunsRnunieumai iy
(methamphetamine use disorder) H1ug1u¥aya
diannsednduinsgiuaina 3 unas laun PubMed,
Scopus Wag Cochrane Library lagldynenau
(“methamphetamine use disorder” OR “ampheta-
mine-type stimulants”) AND (“pharmacotherapy”
OR “pharmacological treatment”) AND (“clinical trial”
OR “systematic review” OR “meta-analysis”) 31U
n1sduAudaundu (hand-searching) Lﬁﬂﬁﬂiamqm
159UNITUTERURURUUTI Ay uaﬂmﬂﬁé’ﬂé’yswmi
ToyaadRTEUININMALANIUN TN NANAAIINT I8
seRurIfveslssmalguazininedyy Wil
mﬁé’amiwzﬁ%agaﬁmmaamé’mﬁuu?ummﬁuﬁ
wazuleuwansisagulutagdu [3,4]

ARNUSINUANTANEBNITINNTIUOLIUNTUIN
Wionnuwiugdeszifouizive lnonausidadn
(inclusion criteria) Usgnausisanuideduatuluyywe
Jolngfideny 18 Vil fisuuvunisdnendung
numuasTansINestadusyuy (systematic review; SR)
MMTIATILBANIU (Mmeta-analysis; MA) #39N15919@89
wuuduuaziinguaiunu (randomized controlled trial;
RCT) fidszifouidisoundofonarsonunadninicada
fivanau dusuinasidnesn (exclusion criteria) ATOUARY
qmﬁé’sﬁﬂﬁmmmfjmw@u eufUI (case reports)
LLazq'nﬁ%'ﬂﬁy:qLﬁuLﬂ'&Nﬁaﬂjmmaé’mmm’nzﬁmﬁauwé’u
Wigesdifiier 91nn1sduduazfndennuionalsi
ti'lul,ﬂmsrﬁ@mamﬁanuﬂy'qéu 44 oty Ingduunduenans
fldusznoudeyaiugiudiuszunive) wesassine
uagnsUUaneindenudnuiy 12 adu uagnguenans
AduyavdngrudeUssdndsunduiitaduu 32 adu
FeusznaumeeATaUsELan SR was MA sauu 11 atu
wazUAdeUsean RCT w3en1sAnwImendiintuuywe
$1unu 20 2t wazunAUUSTAI AT U I
1 atu

Iu%umaumﬁLm’wﬁLLazﬁdmﬁ’wﬁ%’a;ﬂa AnuS
nwuitludiauianseu 6 Yanan sendnt w.a. 2563-2569
(A.A. 2020-2026) LHutananfiinisiasusunszuau

t L3

Aunisinwieg1siivedidy InisAfuninangiu
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¢ @

\Bauszindsyiugeiilansiuognann safedimsysannis
weluleBtugaues oy ussiusinuszgndldifiosnsedy
AudsIveInIsUiItnsnyeginduglsssy dinus
Fedenldizn199nnqueaiTmuinis (evolutionary
synthesis) tiloduunyandngruidslszdndeoniiuy
3 58EZAINAINUANNAIAYNIIAALNLAZITAUINIT
yamsumdiilelrisuiiunmnsasuinldediady
syuv Lfun 1) advidadafs (conventional
pharmacotherapy) 4atUn1359UTINITIUNTIUTEAY
funuuinanngunsinwuazdediiaesnisldeien
Tuafnifioyiiugiuaudila 2) indwrdaiidany
Aminlutaqiu (contemporary pharmacotherapy)
tathigandngrudsssdndiuansusyavsnauazanng
Uszgnaldlaasddunsufindastu way 3) uinnssu
wagfirmsluauia (innovations and future perspectives)

£

yatunguetiazivalulagnisniswnndnuiaulads

[

maaa&ﬂusva ﬂ’ﬁWGNL!’]LW@G]G]WWiJﬂ’J’]&Jﬂ’]’)‘lﬂu’ﬂ,u@u’]ﬂﬁl

NAN1SANY

nalnnsesngn® (mechanism of action)

wnkanaIdun TR uTEvUYTEaImMAIUNaIa
irunsuaalulueiiy Anganizlauiiiv) ganusvanu
Uszam (synaptic cleft) USunammaaniunalandn
fidudou (gﬂw 1) Bunnsdoufianiansyauues
TUshu VMAT-2 6‘5%1'&waslﬂmmﬁu%"ﬂwaaaﬂmﬂqwsm
(vesicles) glelnnanduneluaduszam sy
nsfudaeulesi monoamine oxidase (MAO) fviwtiii
ganglaUdiy wagnisdoufianialusauaudalauiiiy
(dopamine transporter; DAT) Lﬁaguﬁmhmﬁuaaﬂd
AMeusnwaa [10]

NINTEAUNTTINTA (reward pathway) BE19TULT

v
=]

i ﬁwlﬂgjmmi’ﬁnL‘ﬂuqmmumaum??m (euphoria) [5]
atdlsfny nsiandnFeSidmaliinnisususmieay
Y9932UUUTZaM (neuroadaptation) InswuinAumu
wuuves DAT uazdwiudiulauliuyile D uaz D,

sulnd anasoeelted Ay n1eada [5)
Methamphetamine Condition Normal Condition
Displacement by ?
methamphetamine Methamphetamine
Neurotransmitter
Breakdown
Blocklng
MAO Enzyme
N ] ../
Reverse Neurotransmitters °
Presynaptic Dopamine Release Transporter
by methamphetamine Pumping el
e 0 O ransporter
MMassivp
: onoamine
Monoamine
Synaptic D Neu{otrﬁnsmitte;sﬂ e Mono.amine Neur:t.ransm:ters.o = e
Cleft (Dopam 'é:'m:,r:i?,',“ep e ° (Dopamine, Norepinephrine, Serotonin) Q

5 Postsyn;ptuc k
t
Postsynaptlc opamine Receptors

Dendrite

Highly Activated D1 and D2
and D3Dopamine Receptors

“ Postsynaptic
Excitation / Euphoria

*Methamphetamine leads to approximately
5x higher monoamine release than Cocaine

U 1 nalnneBadsinevessmusnimanTuuinageusanulszam (synapse)
Aadunenm: wkeuwiniiueangvistu 3 nalndn: 1) davndusiiu VMAT-2 vililauriiuasaslulalnmandy
2) Sufaeulssi MAO dastunsamelnifiumeluead uay 3) Wasufiemdlusiu DAT guislntfiuong
aUsvanulsyanUsunaumaa ﬁ’ﬂﬂi;jﬂﬁmigmﬂuqmLLUULﬂaULﬂgiJ suiadufivdesruulszam
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woNIINAURAUNAVEITEUUABUTEATMLED
ke duduihnatswaalszamlnenseIunay
W3EAINBaNBIATY (oxidative stress) warNIINTEHY
waalndy (microglia) TiAnAMedn@UYesTsULUTEEM
(neuroinflammation) [11] KUNNSWAtENSABNNSSNLEY
WU 1-6 uay TNF-0L Fadudadondnithlugnisnie
VBALATUTTAMUALNITANNDEVDITHTUUNITIAN WA
ageliios [10,11]

AsUIUiaNedndean (psychosocial interventions)
Hagiugaliifinduinianldiunsiusesedaiu
N9N15310 US FDA dwmfusnwiniediaumuesmnniiy
Tngtaniz nstdandadinudsdnadunnnsgiuman
Tunisquagitng [8,12] Unuuiindnguidsuseing
atfuayunireuede CBT dujsfiniinwgnisiuileiile
Fanisantunisaiidsanaziadenszduniuesing
(craving) [13] wenaniideilusunsuuum3ng (matrix
model) Fafusuuuumsiringtasusnuuuysanns
szogna 16 dUni finaunanunislsimyine v
nauutn TUsunsy 12 fumeu WaENTATUALUIN
AsaUA e linszuaumsanandulogsiiszuu [14]
Tungunisvrdaniedndsay M Ferduguuuuidl
UsgAnsnaneddnlanduiigalunisdaadunisanian
seldesuaziiindninisasegluszuunissnu [13,15]
TasendonalnnslineiadifusUsssunouausaioszuy
1995519 3akuENea [14] NNNTTATIRANIU (MA) d1an
Fuduindis CM finszeznamssaianlsiads 21.20 fu
(95% CI 11.39-31.00) LLaxLﬁ'aysmmsi’mﬁ’u CBT
UseAvBuanziintuidiu 30.85 Yu (95% CI 19.63-50.08)
deifuunguaduau [1] egrlsfiniu nsir cm LlE
a5dlunrd foRdundgguassaieulouiy s

o I a

wiulszanauartedninyardegdlaniowanlldlunis

U
o

» [6]
wiin1sUnUANNaIndeauazlinafsEninenIsSnw

U1

witedindfnyfenudiduvema Tussarenn Taed
Snanmsnduluiantngefafonas 61 nelu 1 Indsduan
TUsunsu [6] anmminanmsiinginssuthindfiosedng
Aeorlslamnsaudlyanuinunfvesszuvdetszam
LazngueInsneufiasdudoulusefuTAneld
ognsauAqy [9] Fesriamsnatindasiouausuiu
seanddunsussyndldinduirdadunagndsiuile
UFINIANNOEINGT HuNNITLEsAND uaziiiy

AnuTdiolunssuiumsuntanndndenn duagilug
o & @ o
Anudusalumsshwndsdu [6,9]

Lﬂé"ﬂﬂﬂﬁ'ﬂéfuau (conventional pharmacotherapy)

nsfnuisendealueingaiiuiuaunassuy
doUszamanizianzas seszuulavnily wlsiniy
ueerAIUIAU NgRLn N1 uazlelesyd nimangu
BeUsydnduadindsvansnaneaaiindaulnavinnang
atiane Tnesinuanmamiiiesunsdifuasliaunsoadna
ATeRLEaNTiSadu Ifognadugusssy asunanisinw
(37971 1)

1) El'm’sj'uiﬂﬂ’lﬁu (dopaminergic agents)

LuIandnveseinguie nsldeinsedu
(agonists) SN IUUNALIY wazeFu (antagonists)
ieannsvhauiiinniuluvesansdedszam

FrSUNITTINYILUUNALNY LWaWilan (methyl-
phenidate) JULUUBBNGVEUIL (18-50 fiadnFuseu)
Frevfindadiunansiadaaeifuavesadiveddey
19856 (mean difference (MD) 10.24; 95% Cl 3.49-16.99)
wimnuidesiuvemdnguazeglunasinnan [1,12,16]
vuziinlasweumaniiy (dextroamphetamine) way
Tua#ifla (modafinil) ldwuussavnswataaulunisan
Ysunamsldaseeadadiu [9,17] wazdaligUassadfny
fupulaendeiertussuuiilasaznisielul4he
TgUszasd [2] suylnsiieau (bupropion) sukuuen
wiealinadnsliaiiavenazldanusoananudeanis
Lﬁ‘W"gﬂléj (relative risk (RR) 0.91; 95% Cl 0.78-1.05;
b = 0.21) [7,18] aehdlsAna nswdsusiugmsldegns
wausamfuuamsnley (naltrexone) duduwiladdy
veanrUfRtaatie aunsnifiudnnevauswianis
Snwlatefosas 13.6 WisuiuSesas 2.5 lunguevaen
(p < 0.001) [19]

dmsusndudsszuilatiiiu nauendulsnda lun
Fenesalau (risperidone) wazozswsilaa (aripiprazole)
whzliusravisragalunsussimennsmsdndiduriusiu
wvoumIdY (p < 0.001)[20] LALUAIUNITIABINTIE
finens evsaessiinliaunsaanUsinamsidvietoiu
Mstanenld [2,12,20] Bnvtadimusnsieanainlusunsy
izﬁﬁﬂﬂmﬂ@ﬂmﬂwa‘ﬁﬂﬂLﬁEJQL%‘Iaﬂmmiﬂi%ﬁJUﬂi%?hEJ (akathisia)
LLamj:ummiﬁmUﬂamanﬂé’ﬂmﬁa (extrapyramidal
symptoms, EPS) [8,17,20] wiavnaagufiRveuuzili
Tamngluszeziifionnsmadndoundu uwalduusindu
gImaNluUNITINYINMZRAmLEUREY [2]
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A19197 1 asunangudslsednduesndsinUanguasivdmiunnefnumuanmnniiu

szuude  wdvida sUuuu naanwsn1sadin
Usgam ANSANEN
Tauniiu Wilawilian  RCT [16] uag 1 wansrailaaniziduau (MD 10.24) (vdngnu
SR [8]/ mmﬁaﬁuﬁﬂ);
MA [1,12] 1 Anusenen (p < 0.001);
> gnmasegluszuy
yiwaﬁaau SR [9] Way > s Enslngsau (RR 0.91; p = 0.21);
(9Re2) MA [7,12,18] 1 Temasaangfiionnislaisuuss (OR 2.8;
p < 0.001
a1ingla/  RCT [20] wag 1 #1m13m93n (p < 0.001);
Sawmeslau Review [2,8,17] > MsanUsunuNsEns wsetesiunisiEneg;
1 $aasegluszuunnwatiades (EPS,
akathisia)
wlslniy  wesmsnau/  SR[9] way > FATINITIALEN;
wazuefor Wgeendiiu  MA[7,12,17] | $aasegluszuu (aneweinia)
AU
ngauun  evlefiada SR [9] wag > MIMENLAzaRTIUIUASITINUETS
waENIu  nBu MA [12] (Mé’ﬂgmmmﬁaﬁwﬁ"ﬂ
RS UR RCT [26] wae | enudevungusienisldans (p < 0.05);
SR/MA [43] > Sasmsenanseiios (RR 1.00)
lagloa Network 1 wansyadaanzduau (MD 24.10)
MA [1] (MdngIUAMLTRLUAN)
lolooes  wiawsnlwy  RCT [31] | Awesnen (p < 0.001);
(B17e) way | enuddnduguuuueduadu (p < 0.05);
Review [7,8] 1 dnvavegluszuudmiudAnnusy

($owaz 52 vs 28; p = 0.01)

naewg: T = Wutu (@awafdensinw); | = anag <> = linuanuuwandvegadlidudAgydlomieuiunguaiuny;

RR = relative risk; OR = odds ratio; MD = mean difference; Cl = confidence interval; SR = systematic review; MA

= meta-analysis; EPS = extrapyramidal symptoms

2) snguilslniiuuazua fezasunau (serotonergic
and noradrenergic agents)

griueIn1sFuiaiiussinin1tsAubu
(anhedonia) wazndueIN1saeUY1 NiNUsEANENAlUNNT
duaiunissaandavinanuaiuase [17] engs
selective serotonin reuptake inhibitors (SSRIs) Lu
051318 U (sertraline) [21placebo-controlled,
double-blind trial, participants completed a 2-week

non-medication baseline and were randomized to

AIUASUNI IFAT 2569: 41(2) ®

one of four conditions for 12 weeks: sertraline plus
CM (n=61] uaz vigeandiiu (fluoxetine) [22] lalawsa
Wiudnsnsananegefitedfanienddn [7] lnewwes
n91dueRdmaauiensasegluszuumMsing eifiey
flugmaen [8,9,12] ﬁ’m%’umﬂejuﬁgmﬁmsm dunsdly
(imipramine) wiftheifinnisaseglunisinwiletig
usilinunalunisanaruesnvseUsInansldans [9,23]
aenalsfinu Sdesn fufiddaufie wesmeth (mirtazapine)
Fauansuszanswaidesuanlunguuszvinsdumg
Tnslamgnguueifimedimiusiumnewasndeinuine [24]
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TngasiimseAusesazideaiudiunuimmningals
maly

3) Enﬂ’sjungmmml,azn'm’] (glutamatergic and
GABAergic agents)

mmjuﬁz@qﬁamaﬂqmmmmsmm wiiUseavisna
n1epdindivinniuaiiane exlefiadaindu
(N-acetylcysteine) Gﬁqsu'aaqumxﬁmqmLmuamsaaa‘
[25] uwiazuanadnaninluszeznounddn udna MA
seydn ezwwiiadamduliifiudnsiniseatanegiadl
tuddyilaiisuiugvasn uaziivanguauidesiusi
[9,25] @1%SUNISAN®ILUYU RCT ¥84lniisiun
(topiramate) Uﬁﬁu%ﬂﬁLﬁ%mq%éﬂ’m’]LLaBETUé?ﬂﬂQW]LiJG]
WU VWINEYT 50-200 Aadndusadu G1eussmnIauae
vunjusian1sldans (drug use temptation) wara1n1s
Fue$ (p < 0.05) [26] aelsfinu MA angnduduing
ia,iLﬁué’mwmimLawaéwqﬁﬁsﬁﬁm (RR 1.00; 95% Cl
0.94-1.07) UsznaufuNatIAeInUaNIININTEUY
nsdanunnses Faduguassadidnsenisinunly
syeren) [7,26] dalsglea (iluzole) WUIDN9TILLRLKA
psradaaviduau (MD 24.10; 95% Cl 5.54-42.66)
windngiuanudesiuiuazfadessentsfnyiisidu
[1,12,27] YauET NUNWURY (gabapentin) way laawny
(baclofen) duwailunisuansuszaninaiiniondn
g1vaen [12,28] aguldduszavduavoseinduidslsl
danuiisanedmiudunuwimamssnevantutagiu

4) sngulaUeawn (opioid agents)

g1dusvuulelonsd Wy wawsnleu eengw’
UnfumsuinleTesssluinsneta uwiiansdneami
lusgeznaunain [29] wandngiuvneaainainnislden
Weoneduasunssaandslinaliadanenield
Audesiuszdumdsuiunans [12,30] egrslsfinnu
wamsnleuiivsglevdinudalunisufuidasunis
MOUAUDITITNIF (subjective response) laan
ANuduiussenIeaueeInefuauianiduge
LL‘U‘ULﬂa‘uLﬂ§MM5ﬂﬂﬁiLawaéﬂﬂﬁﬁﬂﬁﬁﬁm (p <0.001) [31]
aonndostiuteyanmdeaussituiuine iy uauna
nM3idouleavedaTotsaNDILALUTIININITHBUALDS
sodansedu [32] Belundrdu Tunguildfifinnefinans
nguilussne nsldunamsnlouguuvuenils awnsa

Wusmsnsaseglussuumsinwldfefosas 52 isuiu
Soway 28 Tungualuau (p = 0.01) [7,30] uenanil
mMyfaegaNanseriuamsnlusivylnsiioauy
ganuindiusednsnamidaninemasnegsiitodiAsy [19]

waznareidunilsluanuiiivindidy Jsagnaiiis
eazBualuidoialy

wndyirdantianuimiiludagdy (Contemporary
Pharmacotherapy)

Tunmssuiinuan mshwniaumuomnnii
finmsdsuihuanneiegnduiitngasuauiiioains
au@aizwﬁaﬂizmmwwwﬁa (571971 2) At
nsrdindilaniufignio nsmeasswuy RCT lasanis
Accelerated Development of Additive Pharmacotherapy
Treatment for Methamphetamine Use Disorder
(ADAPT-2) Fafinunuszavduavesnisliuamsnlousiia
dneengqusuiusuiy ylnsieauyiasuuseniu wanis
ﬁﬂmwudwmqmmauiﬁ'mé’mmauaumﬁams%’ﬂm
aguiiuddnyiienay 13.6 isuiufesay 2.5 Tunguen
aen (p < 0.001) [19double-blind, two-stage,
placebo-controlled trial with the use of a sequential
parallel comparison design to evaluate the efficacy
and safety of extended-release injectable naltrexone
(380 mg every 3 weeks] uaﬂmmf nsdueseiies
12 &Un i dawaliionsmansaataansiduaugetisiouas
27.1 Wieuiunguemasniauay 11.4 (p = 0.006) [19]
1nEANALSIRINENIAURUSAUNITUTINIBINSTULAS
pg19595108 U 4 FUanviusnaeen1sinw [33] dawalii
mqmmauﬁﬁanmsJLﬂuumﬁgwu‘imjé’m%’uéﬂqsﬁlﬂma‘u
aussosRualusin [19,33]
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A19197 2 asunanguialssindveundyindasuaisuazuinnssulueuian

4

ngu/Nagns wdynda/ a0 . .
o o o NAANSN1SANEN
55NN UIANTTU 5398
AMUNINTIN YNl RCT/ADAPT-2 [19,33] T dns1mauaues Sesay 13.6 vs 2.5 (p <
Tutlaglu (¥indn) + way Review [8] 0.001);
ylnsieau 1 wansralaanziluau Govaz 27.1 vs 11.4;
(HASUUTENIY) p = 0.006);
1 Temasawan (p = 0.006);
1 9msTuednegeing
wasnietu RCT [24], SR [9] 1 wansralaanziluau dUanii 12 (RR 0.67)
hae Review [8] kag 36 (RR 0.73)
1 woAnssudsamane (p = 0.00);
L amg@uai (p = 0.01)
| #msueulivéu (p = 0.04)
g1+ CM SR/MA [42] T sonangagn (effect size d=0.70);
Lay/yse CBT  way Review [8] 1 dasasegluszuy 1.42 Wi (RR 1.42; 95% Cl
1.25-1.62)
winnssuuaz WRNGAWEN  naeweadin Favaaniseanguisvesenlduiu 3 dani
AN (sxevd 2) [11,34] (HapdTngaUsusinv)
Tusunag | YBumsnisnszanesiveseiluauss
dylaanad NAABINARTIN | szuudszamsniay;
(szovd 2) [11,36] <> FATINTIALEAN
glavnsoud srernoumddn [37] | woinssuualamen;
1 wsegdlalunisian
> NATLALNANULLNUB AT
weswmlng  Fnviennduldld | anwesinansiiunis
n19pdtin [38] U5U299551978
Al vinung Anwmeediin 391 T vihwnelenadniavesnising
NaNIAATN
Al 52UU Fuvspandld / 1 AinngiinazUumansefuaueaiiessiu
QEETAVGHGN WAUIAULUU [40] ANBEINTUNITYARA
winuent1Un  RCT [41,44] 1 daaseglunissnm
MaAndany laﬁ’wmm%&mamw% (p = 0.039)

Jtadrdnnishdsusnis

NUYLA): T - nTu (dawan); l = anay; RCT = randomized controlled trial; SR = systematic review; MA =

meta-analysis; CM = contingency management; CBT = cognitive behavioral therapy; Al = artificial intelligence
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dmsunsinenauinyszendldlvi wesmanlu
yuIn 30 dadnsusieu wanaUszAnsnataaulungy
Usernssamng Taslamemefifimaduiusiumeuas
NPITINA NaN1ANBILUU RCT BUGUIEILIT08AERT
asanvansaninluilaanizededtoddaidudunnii
12 (RR0.67; 95% C10.51-0.87) LLaxﬁﬂﬂ’]ﬁﬁ 36 (RR 0.73;
95% Cl 0.57-0.96) [24] wonanil wesmentussavan
waRnsIUALYNANA 1WU NsanduIugueY (RR 0.52, p
= 0.04) TMDIVTINIBINSTULAT (p = 0.01) WADINIS
woulsividu (p = 0.04) IFeeeditaddny Tedmiutade
ﬁ']ﬁQJISLUﬂ’]ﬁﬁaﬂﬁuﬂ’]iLﬂW“l}é’] [9,24] ag19lsAny
UszAnsnavennduintanadomaniasnicudaiy
éﬂﬁﬁmiagimmwﬁﬁﬁumiﬂwﬁmmﬁmé’muaﬂmﬂu

o w A

syuu dadulsvirudrdgazeduseluddudaly

uinnssudazianiglusunan (innovations and future
perspectives)
winnssukazfrn1slusuiAneInIssnYIN1IY
Aaumuoninngy (Med 2) Jaiuluingdduiutiin
galmidietarnilililuanasrhuiniuszriadon
waranes (blood-brain barrier) lnefin1ufaneii
Taaaulunisimuweuivedlululaauea (monoclonal
antibodies) 1Wu LaLINGALUTIA (devextinetug 38
IXT-m200) [34immunotherapies, including monoclonal
antibodies (mAb] Fawan1snaaesneAdingsesd 2
(W.A. 2565) BuduINaNINanUINININITNIZINBILAL
Favaniseengvisveseldunutl 3 e aghalsfiou
woufveddenanditesiaieseryniseangnidu
warUsraninalunisduadunissandidauunususiu
[11,34with a particular focus on the rationale behind
targeting Toll-like receptor 4 (TLR4] Fadinedoese
nsfnuiluszeed 3 delu vilwlutlagiudslidiady
dhdnsmeaemandiineguduguuuu (6,35
n1sdunndinunenissnunlnddilugnisfine
gn8ylaanad (ibudilast) Fedudlasasu toll-like receptor
4 (TLRA) Wipannieauasdniauaniunuasilangiy
wilanudasafogauadiliaansaifinsnsmssaanls
peeiidedfy Fsoravaundusnasusiuiuis
Tusuan [11,36] ﬁumzﬁmﬁmzﬁuﬁﬁu trace amine-
associated receptor 1 agonists (TAAR1) Ltu giamiau
# (ulotaront) Bevimihiuaunanisvdslatiiiunas
wilslndulursasssialuanes wanswaansideuan

oghannlunisanussgdla Sudmginssuuaione uaz
tostunanduliiandn [37) wenanil ansnsedudaiy
slucagon-like peptide-1 (GLP-1) 1y masianilng
(tirzepatide) fiotlumaunislndlunisussimiaiiu
pentan kavaauwsegalalunisuairamien wWiunis
USuaunaiaasseialuaues [38] gmanildufianng

nsdnwifilafuanuauleedisge wazddeinadng
nsnaaeaneratinlulagdu

waninlleanninduinln frnidlusuiandaed
MsUszyndld artificial intelligence (AN) 1ieAiAssi
§U93n19%209W (biomarkers) uagnna1eaLas
wedwunngugthe Yinunelonadifavesnissnw uay
ponuuUM IR Izyaaa [39] saufisnsysannis
Al dhfuszuunseduauesneaduimanliiuiel
aunsaususzdunissziuauesnlviaennqeany
anmyauewositsluvmezdu [40] Safinisld Al s
wynuen (chatbot) Aamsalyinisudanisindeny
wuulanzyaraldnaen 24 ilug ileangUasianis
hisuimauazeuitnadesnisgniinsmedany Snvia
fareifinanudaiielunisinuildedsiiuszansam
[41] msysanmsinalulad Al ma’wﬁﬁatﬂuqzymﬁﬂﬁzy
lun1sensziuaudnsavesnisirinsnunlugani
og198sTu

130

TufifidnuAuANUINENFIUTUsEINY 9InN13
NUMWITINNTTOE M TUITUURONANTUANg I Y
a4 atfu nspviunmsiuaeiteyetlfifiuin quniw
nangrudalszdnganundyunindimsunriginim
LLauwxlmﬁua'aulwwjé’wmagﬂuizﬁuﬁwﬁwmﬂma [9,12]
guassandnfinufennunususiuvesseiouiside
welusrunasinisdadesitasuazidanudise
Funnsinaify Famusriaidsadftiosdmalinissudu

Usgdndualunmsiudansdinauriinie [8] wazilumena

a

drdggnvinlitaguudslufinnseydifenainesdnisenns
wazeeg 1 dun1anis
Tufifvesnsiasunszuiuiiminiginu doya
agvioudsnsasusuanmsldousendisatiienaln
Wed dnsiauegaskatuansinykuutadianiy
Uszns [19] mslemeziiainiuiinensassine
voddsafimududouiunhiiendeuuuiafuasdnnsg

Toagefatiy agalsfnny Weanansanlulfnansenuse
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AU wutenduanulsndaudazseivennisieundu
167 usinduiisnsnisdninusgninmisgaiosann
HatIABITULsIazANlIURBET [2,9] N15Anw
galnidssaddinudiAyivaunasenineUszansua
wazAMNNTInTEN LN Ty
anudnlurenssnviwuuysannis wluneany
Thndundutntn uwinsedusetiunumuesindanud
audfeeeda msrefissegafeliaansaudl
wgAnssunstanfnfiilesndnld ergasnaniil
Usg@vznn wu wamsnleusiuduylnsiiesy [19,33]
viowosnienly [24] Tevhwihdilunalngieiady
iloUsuaunamaassineligiaefinnundeuiizidng
nszvaun1stdaniindenuldndedy aenadosiu
vdngunguui CM feiduuumeiiiiusaviualanisiy
fgelunsdaadunsananseides [15,19] Tnsnisysan
113 CM 2y CBT theifiudnsinisasegluszuy
n3snwlane 1.42 win (RR 1.42; 95% Cl 1.25-1.62) [42]
fedu nagnifunasiivsyAnsnmgeaeludannUfoate
nsUszaundeseningegasuauLarindiautidn
o9 udnsiiaresmssnvuuuiealuona [2,42]
dusudeoausiuziianddnuaziuimislusuian
nsiduinnssuulgassduntyaiuiinie laganig

v o w a

FAuAuUIUANSalTeT1 A 9ANNLUSUTINYBITEAU

2

ffutuanizyaaa [6,34] v Al fewdugaubeou

[

AaFNITINERINET N13YTNINIT Al WAuNISINY

Mo )

W srvumsUsadiunandsseusyuentide szt
angUassansidndiau3nishease [2,40] agslsiniy
s3UUa1515guI LT udBL399AN1SAINTITMI BRI
anudaendsvosteyauarUszifiumaiossuitels
nasnmdsuinnssaineliAnysslovigaande

o

AsunsUrdalueunan

GELY

Tagagy witlgtudsliindvinilsdumsoysa
agrndunianisdmivinuingiaumueuniiuy
TgaMe WAANgIIUTEINYAINNTNUNIUITIUNTTH
aduidlFiiuienisidsuriunsyuauimidi ey
MnuwIMsRRNAldenAegainivss Aniuadiin
ganufnmihiwatefiunisldindviidagnsnay
waznisdnwnvuyadiusznnsifiussaninagandn
agafitiddty anudnSavesegaananamsnlaus
fuylnsiioau warmsliiwesmetuludssvinsanengy

Juedesduduisnnudndulunsuivaunaszuude
Ussanuuunydin dsliifissudvaoiiudnimansan
Jaanziduau widiananuesIne uazussmiennts
Fndnntldesdnau dwalinuwiugilunisden
yinelvdenndosiunesanimwasdaden wisyana
nanerdudeulvddyuosnnudiialunmsinwgatiagu
fanusvouiugin WeliAnusslovigeanlunvu iR
indvindamsimiiiidunalnfvanneniedinm
Wiewssummm3enliifiisaunsansuausienisiva
NIIRFIRNIATFIU LU CM waz CBT ldagafndnenin
dwsuiiendluswian nMsimunwinnssugiduiuddn
wazn1sUszenAlidaaussAvgazdunauaddaglunis
fmadudadifafiuanuulsusiuenizyana e
gnsAvgnIsunndutiugnazairennunislunisau
gunneidduuiiineeinaugusssusiely
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