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ORIGINAL ARTICLE

Diagnostic Accuracy of the 2019 Traumatic Brain Injury Guideline for Risk Stratification

in Predicting Abnormal CT Brain Findings in a Community Hospital Setting

Chanapa Sinthuwong, M.D.", Tharathorn Durongbhandhu, M.D.?
'Phanom Sarakham Hospital, ?Chonburi Hospital
Received: March 10, 2026 Revised: April 10, 2026 Accepted: April 28, 2026

ABSTRACT

BACKGROUND: Traumatic brain injury (TBI) is a common presentation in emergency departments.
Selective use of computed tomography (CT) of the brain is crucial, particularly in resource-limited community
hospitals. The 2019 Thai TBI Clinical Practice Guideline recommends CT indications based on risk stratification.
However, its real-world diagnostic performance remains uncertain.

OBJECTIVE: To evaluate the diagnostic accuracy of the 2019 Thai TBI Clinical Practice Guideline for risk
stratification in predicting abnormal CT brain findings among TBI patients in a community hospital.
METHODS: A retrospective study was conducted at Phanom Sarakham Hospital, Thailand, from January
to June 2025. Patients aged>15 years with blunt head trauma who underwent CT brain were classified into
five CPG-based categories. Radiologist interpretations served as the reference standard. Proportions of
abnormal CT findings, likelihood ratios, and area under the receiver operating characteristic curve (AUROC)
were calculated.

RESULTS: Among 276 patients, 95 (34.4%) had abnormal CT findings. Abnormal CT rates increased with
severity: 0% (mild low-risk), 33.3% (mild moderate-risk), 28.8% (mild high-risk), 69.3% (moderate TBI), and
90.0% (severe TBI). Positive likelihood ratios ranged from 1.1 to 17.2, while the overall AUROC was 0.61.
CONCLUSIONS: The 2019 Thai TBI Clinical Practice Guideline for risk stratification demonstrates a clear
severity-dependent increase in abnormal CT findings but only modest diagnostic accuracy. Low-risk patients
were safely identified. However, CT yield among mild TBl—particularly moderate-risk—was relatively low.
Further refinement and prospective validation in community hospital settings are warranted.

KEYWORDS: brain injuries, traumatic, tomography, x-ray computed, sensitivity and specificity, practice

guidelines, hospitals, community

Thaiclinicaltrials.org number, TCTR20260321008



232

J Prapokklao Hosp Clin Med Educat Center

Vol. 43 No.3 Jul.-Sep. 2026

INTRODUCTION

Traumatic brain injury (TBI) is a major global
health issue causing significant morbidity and
mortality." The early detection of intracranial injury
using computed tomography (CT) is essential?, but
routine CT in TBI patients—especially those with mild
cases—may lead to overuse, increased costs,
radiation exposure, and resource strain, particularly
in community hospitals.®

Clinical decision rules such as the Canadian
CT Head Rule, the New Orleans Criteria, and others
have been developed to guide appropriate CT use.*®
In Thailand, the 2019 Thai TBI Clinical Practice
Guideline stratifies patients into low-, moderate-, and
high-risk groups and recommends CT for moderate-
and high-risk patients, while low-risk (mild) TBI may
be managed without imaging.®

Despite its importance, real-world evidence
on the diagnostic performance of the 2019 Thai TBI
Clinical Practice Guideline remains limited. Therefore,
this retrospective study aimed to evaluate the
accuracy of the 2019 Thai TBI Clinical Practice
Guideline for risk stratification in predicting abnormal
brain CT findings among TBI patients at a Thai
community hospital.”"

This retrospective study also aimed to evaluate
the diagnostic performance of the 2019 Thai TBI
Clinical Practice Guideline in predicting abnormal CT
brain findings among traumatic brain injury patients
in a community hospital.

METHODS

This retrospective observational study
evaluated the diagnostic performance of the 2019
Thai TBI Clinical Practice Guideline in predicting
abnormal CT brain findings among patients with
traumatic brain injury at Phanom Sarakham Hospital,
Chachoengsao, Thailand. Medical records from

January 1 to June 30, 2025 were reviewed. Patients

aged 15 years and older who presented with blunt
head trauma and underwent non-contrast CT brain
imaging during the same visit were included. Only
cases with complete documentation of clinical
variables required for the 2019 Thai TBI Clinical
Practice Guideline for risk stratification—such as the
Glasgow Coma Scale (GCS) score, neurological
symptoms, mechanism of injury, and anticoagulant
use—were analyzed. Patients with penetrating
injuries, incomplete records, missing CT interpretations,
or repeat visits for the same injury episode were
excluded.

All patients were classified into one of five
categories according to the 2019 Thai TBI Clinical
Practice Guideline: mild TBI (low, moderate, and high
risk), moderate TBI (GCS 9-12), and severe TBI
(GCS 3-8). Mild TBI with low risk referred to patients
with a GCS of 15 and no symptoms or risk factors.
Mild TBI with moderate risk included those with a
GCS of 13-14 or GCS 15 with at least one concerning
feature such as headache, vomiting, loss of
consciousness, amnesia, intoxication, risk of bleeding
tendency (antiplatelet use or bleeding disorder) or
dangerous mechanism (fall>0.9 m (3 ft), significant
head impact, motorcycle accidents, traffic accidents-
-patient ejection, death of another passenger, vehicle
rollover, or pedestrian struck by a vehicle). Mild TBI
with high risk comprised patients with more serious
features, including persistent vomiting, signs of skull
or basal skull fracture, severe headache, focal
neurological deficits, post-traumatic seizure, delayed
return of GCS to 15, age=65 years with loss of
consciousness or amnesia, or anticoagulation use.

The reference standard was the official
radiologist interpretation of CT brain imaging,
categorized as normal or abnormal. Abnormal findings
included intracranial hemorrhage, skull fracture,

cerebral contusion, subdural or epidural hematoma,



Vol. 43 No.3 Jul.-Sep. 2026

233

J Prapokklao Hosp Clin Med Educat Center

subarachnoid hemorrhage, or cerebral edema.
Sample size calculation (expected AUROC 0.65,
a=0.05, power 90%, estimated abnormal CT
prevalence 30%) required at least 250 patients; a
total of 276 were included. Data were extracted from
electronic medical records. Descriptive statistics were
used to summarize baseline characteristics, and
comparisons between normal and abnormal CT
groups were performed using chi-square or Fisher's
exact tests for categorical variables and independent
t-tests, or Mann-Whitney U tests for continuous
variables. Diagnostic performance was assessed by
calculating the proportion of abnormal CT findings
within each risk category, along with sensitivity,
specificity, positive likelihood ratios, and the area
under the receiver operating characteristic curve
(AUROC) with 95% confidence intervals using
STATA version 17.

This study was approved by the local
Institutional Ethics Committee (reference number
PH_CCO_REC 012/2569), and the requirement for
informed consent was waived due to the retrospective
nature of the study.

RESULTS

A total of 276 patients with traumatic brain
injury were analyzed. Of these, 95 patients (34.4%)
had abnormal CT brain findings, while 181 (65.6%)
had normal results.

For the baseline demographic characteristics

(Table 1), the proportion of males was similar in the

Table 1 Baseline Demographic and Clinical Characteristics

abnormal and normal CT groups (69.5% vs. 60.8%,
p=0.19). The mean age was 46.2+19.7 years in the
abnormal CT group and 60.0+21.0 years in the
normal CT group (p=0.07). Time of emergency
department presentation (morning, afternoon, night)
was comparable between groups. Initial vital signs,
including systolic and diastolic blood pressure and
heart rate, showed no significant differences.

Head injury severity categories were found to
be significantly associated with CT findings (p<0.001).
No patients in the mild TBl-low risk group had
abnormal CT results. Abnormal findings were
observed in 33.3% of patients in the mild TBI-moderate
risk group and 28.8% of those in the mild TBI-high
risk group. The proportion increased markedly in
more severe categories, with 69.3% in the moderate
TBI group and 90.0% in the severe TBI group
demonstrating abnormal CT findings. GCS scores
differed significantly between groups (p<0.001), with
a higher proportion of patients with GCS 9-12 and
3-8 in the abnormal CT group. Abnormal pupil ex-
amination was also more common in the abnormal
CT group (10.5% vs. 1.1%, p=0.001).

Patient disposition varied significantly
(p<0.001). Among patients with abnormal CT findings,
10.5% were admitted, 87.4% were referred, and 2.1%
were discharged. In contrast, among those with
normal CT results, 65.2% were admitted, 8.3% were

referred, and 26.5% were discharged.

abnormal CT normal CT p-value
(n=95) (n=181)
Sex, n (%)
- Male 66 (69.5) 110 (60.8) 0.19
- Female 29 (30.5) 71 (39.2)
Age (years, MeanzSD) 46.2+19.7 60.0+£21.0 0.07
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Table 1 Baseline Demographic and Clinical Characteristics (continue)

abnormal CT normal CT p-value
(n=95) (n=181)

Shift, n (%)
- Morning 33 (34.7) 61 (33.7) 0.61
- Afternoon 40 (42.1) 86 (47.5)
- Night 22 (23.2) 34 (18.8)
Head injury severity, n (%)
- Mild_low risk 0 (0.0) 16 (8.8) <0.001
- Mild_moderate risk 64 (67.4) 128 (70.7)
- Mild_high risk 13 (13.7) 32 (17.7)
- Moderate 9 (9.5) 4 (2.2)
- Severe 9 (9.5) 1(0.6)
Initial systolic blood pressure 137.6+30.6 137.4+25.7 0.93
(mmHg, MeantSD)
Initial diastolic blood pressure 80.9+18.1 81.2+15.2 0.93
(mmHg, Mean+SD)
Initial heart rate 88.9+19.2 91.1+17.9 0.35
(beats per minute, MeanSD)
Initial Glasgow coma scale, n (%)
-13-15 77 (81.0) 176 (97.2) <0.001
-9-12 9 (9.5) 4 (2.2)
- 3-8 9 (9.5) 1(0.6)
Amnesia, n (%) 39 (41.1) 65 (35.9) 0.43
Altered mental status, n (%) 7 (7.4) 12 (6.6) 0.81
Abnormal pupils, n (%) 10 (10.5) 2(1.1) 0.001
Discharge status, n (%)
- Admit 10 (10.5) 118 (65.2) <0.001
- Refer 83 (87.4) 15 (8.3)
- Discharge 2(2.1) 48 (26.5)

Regarding the diagnostic performance analysis  for mild—high risk, 6.9 for moderate TBI, and 17.2 for

(Table 2), the proportion of abnormal CT findings severe TBI. The overall discriminative ability of the

increased across severity categories, ranging from  risk stratification system demonstrated an area under
0% in mild—low risk to 90.0% in severe TBI. Positive  the ROC curve (AUROC) of 0.61 (Figure 1).

likelihood ratios were 1.1 for mild—moderate risk, 1.6
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Table 2 Diagnostic Performance of TBI Severity Categories for Predicting Abnormal CT Brain Findings

TBI severity abnormal CT normal CT Risk (%) LR+ (95% CI)
Mild head injury (low risk) 0 16 0
Mild head injury (moderate risk) 64 128 33.3 1.1
(0.93-1.30)
Mild head injury (high risk) 13 32 28.8 1.6
(0.88-2.90)
Moderate head injury 9 4 69.3 6.9
(2.18-21.80)
Severe head injury 9 1 90.0 17.2
(2.21-133.60)
8 4
2 ]
[=]
&
£2
5 (=]
7}
s |
o
g |
o T T T T T
0.00 0.25 0.50 0.75 1.00
1 - Specificity

Area under ROC curve = 0.6064

Figure 1 Receiver Operating Characteristic (ROC) Curve of TBI Risk Stratification for Predicting Abnormal CT Brain Findings

DISCUSSION

In this study, the diagnostic performance of
the 2019 Thai TBI Clinical Practice Guideline for
predicting abnormal CT brain findings was evaluated
among TBI patients in a community hospital. A clear
stepwise increase was observed in abnormal CT
detection across the five risk categories, ranging from
0% in mild TBI-low risk to nearly 90% in severe TBI.
This progressive risk gradient is consistent with
international evidence demonstrating that worsening
neurological status and the presence of high-risk
features are strongly associated with a higher

likelihood of intracranial injury." '*"

Although the 2019 Thai TBI Clinical Practice
Guideline for risk stratification identified patients at
higher risk of abnormal CT findings, its overall
discriminatory performance was modest, with an
AUROC of 0.61. This accuracy is comparable to some
international decision rules but lower than that
reported in large multicenter studies of the Canadian
CT Head Rule and the New Orleans Criteria, which
generally demonstrate AUROCs between 0.70 and
0.85.>%"" Several factors may account for this
difference. Community hospitals may face variability
in documentation quality, timing of presentation, and

heterogeneity of symptoms, all of which can reduce
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the guideline performance. Additionally, the mild TBI
categories—particularly the moderate-risk group—
likely include a mix of truly low-risk patients and those
undergoing high rates of CT utilization, leading to
increased false-positive results and reduced overall
discrimination.’

The absence of abnormal CT findings in the
mild low-risk group supports the safety of withholding
CT in this population, consistent with recommendations
for Thai and international guidelines. ® " However, a
considerable proportion of patients in the mild
moderate-risk group underwent CT despite a
relatively low positive yield, reflecting patterns
reported in other studies that demonstrate overuse
of CT in low-to-intermediate risk mild TBI."™ This trend
raises concerns regarding resource utilization in
community hospitals, where limited CT availability
and radiology personnel mean that unnecessary
imaging may contribute to increased workload and
healthcare costs.

The high specificity and strong positive
likelihood ratios observed in the moderate and severe
TBI groups reinforce the role of CT as an essential
diagnostic tool for these patients. These findings are
consistent with global standards recommending
immediate neuroimaging for individuals with
a GCS<12 or signs of skull fracture or focal
neurological deficit."® Nevertheless, the relatively
low sensitivity observed in these categories
underscores that CT should complement—rather than
replace—careful clinical evaluation and structured
risk assessment.

The modest ability of the guideline to
distinguish between abnormal and normal CT findings
suggests that further refinement—particularly within
the mild TBI categories—may be warranted.
Incorporating more objective risk markers, such as

validated clinical decision tools, structured symptom

assessments, or emerging blood biomarkers, may
improve predictive accuracy, as suggested by recent
evidence."”” Future research integrating these
approaches into local practice could help optimize
CT utilization while maintaining patient safety.

The 2019 Thai TBI Clinical Practice Guideline
can serve as a practical tool to guide CT utilization
in community hospital settings, particularly in terms
of safely identifying low-risk patients who may not
require imaging. However, the relatively low diagnostic
yield in mild to moderate-risk patients suggests
potential overuse of CT, highlighting the need for
careful clinical judgment and possible refinement of
the risk criteria to improve efficiency.

This study has several limitations. First, its
retrospective design may introduce information bias
due to incomplete clinical documentation. Second,
the single-center setting may limit generalizability to
other healthcare environments. Third, the inclusion
of only patients who underwent CT imaging may
introduce selection bias and affect the estimation of
diagnostic performance. Finally, small sample sizes
in certain subgroups may limit the precision of the
results.

Overall, the 2019 Thai TBI Clinical Practice
Guideline for risk stratification showed a clear
stepwise increase in abnormal CT findings across
severity levels but demonstrated only modest overall
diagnostic accuracy. While low-risk patients were
safely identified, CT use in mild TBIl remained
frequent with relatively low yield. These results
underscore the need to refine mild-risk criteria and
conduct further prospective studies to promote more
efficient, evidence-based CT utilization in community

hospital settings.
CONFLICTS OF INTEREST: None
FUNDING: None
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ABSTRACT

BACKGROUND: Hospital staff in private hospitals work under substantial pressure, thus predisposing these
individuals to burnout, which may be associated with metabolic abnormalities through chronic stress
mechanisms. However, empirical evidence regarding the association between burnout and metabolic
syndrome among private hospital staff in Thailand remains limited.

OBJECTIVES: To examine the association between burnout and metabolic syndrome (including its
individual components) among hospital staff in a private hospital.

METHODS: A retrospective cross-sectional analytical study was conducted by using secondary data obtained
from annual health examinations and burnout assessments of 477 hospital staff. Burnout was evaluated by
using the Maslach Burnout Inventory (MBI). Metabolic syndrome was defined according to the Harmonized
Definition (2009). Associations were analyzed by using multivariable logistic regression with adjustments for
potential confounding factors.

RESULTS: The prevalences of burnout and metabolic syndrome were 15.5% and 24.7%, respectively.
No association was observed between burnout and metabolic syndrome (adjusted odds ratio=1.53; 95%CI:
0.86-2.70). Similarly, no association was observed between burnout and any of the five individual
components of metabolic syndrome after adjustments for confounding factors.

CONCLUSIONS: Burnout was not associated with metabolic syndrome in the study population. This
relationship may be indirect or may require long-term cumulative exposure to chronic stress. Longitudinal
studies are warranted to further clarify the underlying mechanisms involved.

KEYWORDS: burnout, metabolic syndrome, hospital personnel, private hospitals
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Table 1 Baseline Characteristics of Participants according to Metabolic Syndrome

Characteristics Metabolic syndrome No metabolic syndrome Total p-value
(n=118) (n=359) (n=477)

Work category, n (%) 0.08"
Nurses 65 (55.1) 168 (46.8) 233 (48.8)
Physicians/Dentists/Pharmacists/ 15 (12.7) 79 (22.0) 94 (19.7)

Medical technologists
Office staff 38 (32.2) 112 (31.2) 150 (31.5)

Age (years), n (%) <0.001%*
<30 10 (8.5) 80 (22.3) 90 (18.9)

30-39 40 (33.9) 140 (39.0) 180 (37.7)
40-49 45 (38.1) 89 (24.8) 134 (28.1)
>50 23 (19.5) 50 (13.9) 73 (15.3)

Sex, n (%) 0.03*
Male 25 (21.2) 44 (12.3) 69 (14.5)

Female 93 (78.8) 315 (87.7) 408 (85.5)

Exercise, n (%)** 0.96"
Yes 75 (63.6) 240 (66.9) 315 (66.0)

No 43 (36.4) 119 (33.1) 162 (34.0)

Smoking, n (%)** 0.78°
Yes 5(4.2) 13 (3.6) 18 (3.8)

No 113 (95.8) 346 (96.4) 459 (96.2)

Alcohol consumption, n (%)** 0.68"
Yes 12 (10.2) 30 (8.4) 42 (8.8)

No 106 (89.8) 329 (91.6) 435 (91.2)

Education level, n (%) 0.84°
Below bachelor’'s degree 27 (22.9) 86 (24.0) 113 (23.7)
Bachelor's degree 89 (75.4) 264 (73.5) 353 (74.0)

Above bachelor's degree 2(1.7) 9 (2.5) 11 (2.3)
Work experience (years), n (%) 0.05°
<1 2(1.7) 8 (2.2) 10 (2.1)
1-5 18 (15.3) 72 (20.1) 90 (18.9)
6-10 31 (26.3) 109 (30.3) 140 (29.3)
11-15 17 (14.4) 72 (20.1) 89 (18.7)
16-20 22 (18.6) 52 (14.5) 74 (15.5)
>21 28 (23.7) 46 (12.8) 74 (15.5)
Marital status, n (%) 0.217
Single 48 (40.7) 164 (45.7) 212 (44.5)
Married 69 (58.5) 184 (51.3) 253 (53.0)
Divorced/Separated/Widowed 1(0.8) 11 (3.0) 12 (2.5)

Critical life events during the past year, n (%) 1.00°
Yes 18 (15.3) 53 (14.8) 71 (14.9)

No 100 (84.7) 306 (85.2) 406 (85.1)

Working hours per week, n (%) 0.22°
<45 29 (24.6) 90 (25.1) 119 (25.0)

46-50 44 (37.3) 166 (46.2) 210 (44.0)
51-55 19 (16.1) 48 (13.4) 67 (14.0)
>56 26 (22.0) 55 (15.3) 81 (17.0)

2Chi-square test, ° Fisher’s exact test, * Statistically significant (p<0.05) ** Note: Exercise (=3 days/week and =30 minutes/session),
Smoking (current or former smoker / never smoker), Alcohol consumption (non-drinker=0—1 time/week, drinker=>2 times/week)
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lawltaii@ Chi-square test wuinaznua lwlunng
Vﬁ\‘nuﬁmwaJé’uﬁuﬁﬁumazmﬁummsmmua'ﬁﬂ
a8 IANURIAYNIFDE (p=0.04) (Table 2)

Table 2 Association between Burnout and Metabolic Syndrome using Chi-Square Test

Metabolic syndrome (n=118) No metabolic syndrome Total (n=477) p-value
(n=359)
Burnout, n (%) 0.04
Yes 26 (22.0) 48 (13.4) 74 (15.5)
No 92 (78.0) 311 (86.6) 403 (84.5)

nnMTeNzEmInanasladadn wuinlu
myenzsuuulidSuiadoniu aznue tnlums
ﬁ'mui’im']uﬁuﬁuﬁ‘ﬁuma:na;umm‘smmua?m
(crude OR=1.83; 95%ClI: 1.07-3.09; p=0.03) atindls
Aaw nenainsUiudinany wa m‘sgqu‘%
MIaNLEANETad uazdn lusmsvhaudaaniud
Tdwuanusunusasnaiagelnesdynaaia
(adjusted OR=1.53; 95%Cl: 0.86-2.70; p=0.14) \ija
AIT98N I wuiwmqﬁmwé’uﬁuﬁ‘ﬁuma:
nguaIMIwaUedn laanguany 30-39 1 4049 1

wazdaud 50 DAty fiaenuduiuiiuniznguaIns
mmua'ﬁnmnn’hmjumqﬁaﬁﬂ'j'\ 30 U vaedl
LW maguqvx‘% msaauaanages uazdaluanns
MIUABFUAA MUNWUANUTFUAUT (Table 3)
wananit edtaneiiiuduauiiftesvesniig
nua W lunsrinaw wodn fidnmssaanuiduyeas
(DP) HanuduwuinuNznguaInIIuaILaiin
yaefifidnnunilesdnisarsual (EE) 1azalny
gudaEuyaaa (PA) lanuanuFuAusaIna
(Supplementary Table S1)

Table 3 Association between Burnout and Metabolic Syndrome Using Logistic Regression Analysis

Variables Crude OR Crude p-value Adjusted OR Adjusted
(95%Cl) (95%Cl) p-value
Burnout 1.83 (1.07-3.09) 0.03 1.53 (0.86-2.70) 0.14
Age (years)
<30 (ref) 1 - 1 -
30-39 2.29 (1.12-5.06) 0.03 2.55 (1.22-5.76) 0.02
40-49 4.04 (1.98-8.98) <0.001 4.88 (2.30-11.21) <0.001
>50 3.68 (1.66-8.70) 0.002 4.38 (1.90-10.74) <0.001
Sex
Female (ref) 1 - 1 -
Male 1.92 (1.11-3.29) 0.02 1.89 (1.00-3.51) 0.05
Smoking 1.18 (0.37-3.20) 0.76 0.41 (0.11-1.37) 0.16
Alcohol consumption 1.24 (0.59-2.45) 0.55 1.52 (0.67-3.29) 0.29
Working hours per week
<45 (ref) 1 - 1 -
46-50 0.82 (0.48-1.41) 0.47 0.93 (0.54-1.63) 0.80
51-55 1.23 (0.62-2.41) 0.55 1.85 (0.88-3.91) 0.10
=56 1.47 (0.78-2.75) 0.23 1.66 (0.84-3.27) 0.14

Adjusted for age, sex, smoking status, alcohol consumption and working hours per week
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Supplementary Table S1 Association between MBI Subscales and Metabolic Syndrome using Logistic Regression Analysis
Variables Crude OR Crude Adjusted OR Adjusted
(95%Cl) p-value (95%Cl) p-value
Emotional exhaustion (EE) level Low (ref) - 1 -
Moderate 0.79 (0.40-1.55) 0.48 0.90 (0.44-1.82) 0.77
High 1.51 (0.84-2.72) 0.17 1.69 (0.90-3.16) 0.10
Depersonalization (DP) level
Low (ref) - 1 _
Moderate 1.94 (0.95-3.97) 0.07 2.13 (1.02—4.45) 0.04
High 4.95 (2.47-9.92) <0.001 5.25 (2.55-10.80) <0.001
Personal accomplishment (PA) level
Low (ref) - 1 -
Moderate 1.13 (0.65-1.96) 0.67 1.23 (0.68-2.21) 0.49
High 0.87 (0.53-1.42) 0.58 0.87 (0.52-1.46) 0.60

Adjusted for age, sex, smoking status, alcohol consumption, and working hours per week.

MBI subscale levels were categorized based on the original scoring system; higher levels of EE and DP indicate higher

burnout, whereas higher levels of PA indicate lower burnout.
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wanuadn laun tduseuedgs szdvlanfiaelsdge
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Table 4 Association between Burnout and Individual Components of Metabolic Syndrome Using Logistic Regression Analysis

Variables High WC High TG High FPG High BP Low HDL-C
aOR (95%Cl) aOR (95%Cl) aOR ((95%Cl)) aOR (95%Cl) aOR (95%Cl)
Burnout
No (ref) 1 1 1 1 1
Yes 1.77 (0.75-4.48) 0.92 (0.28-3.25) 1.60 (0.80-3.24) 2.39 (0.98-6.28) 1.26 (0.40-4.22)

Age (years)
<30 (ref)
30-39
40-49
=50

Sex
Female (ref)
Male

1
2.01 (0.65-6.41)
2.47 (0.80-7.86)
2.91 (0.79-11.40)

1
2.58 (0.88-8.97)

1
7.84 (1.96-40.88)*
9.02 (2.18-48.44)*

40.22 (4.60-973.64)*

1
0.62 (0.20-1.97)

)
2.14 (0.76-6.71)
3.04 (1.07-9.57)*
2.86 (0.94-9.57)

1
1.26 (0.59-2.71)

1
2.07 (0.39-10.86)
1.91 (0.38-9.70)
1.54 (0.30-7.87)

1
0.98 (0.40-2.43)

1
1.22 (0.35-4.40)
7.66 (1.81-38.40)*
3.75 (0.60-32.91)

1
3.24 (0.45-67.35)
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Table 4 Association between Burnout and Individual Components of Metabolic Syndrome Using Logistic Regression Analysis

(continue)
Variables High WC High TG High FPG High BP Low HDL-C
aOR (95%Cl) aOR (95%Cl) aOR ((95%Cl)) aOR (95%Cl) aOR (95%Cl)
Smoking 0.84 (0.09-19.09) 0.58 (0.06-5.89) 0.20 (0.04-1.08) 0.21 (0.02-1.60) 0.64 (0.03-19.27)

Alcohol 1.92 (0.48-9.85) 1.96 (0.46-11.15)
Consumption
Working hours per week

<45 (ref) 1 1

46-50 0.70 (0.28-1.68) 0.94 (0.27-3.17)
51-55 1.15 (0.36-3.75) 6.23 (0.98-53.65)
>56 1.21 (0.41-3.62) 1.03 (0.26-4.24)

4.71 (1.40-19.64)  11.19 (1.85-127.19)*  1.31 (0.24-8.26)

1 1 1
0.89 (0.45-1.75) 0.84 (0.35-1.99) 0.61 (0.18-1.94)
1.64 (0.65-4.19) 2.16 (0.58-9.05) 0.98 (0.21-4.63)
1.40 (0.62-3.17) 2.18 (0.73-6.89) 0.91 (0.20-4.29)

Adjusted for age, sex, smoking status, alcohol consumption, and working hours per week. * p<0.05 WC=waist circumference,

TG=triglycerides, FPG=fasting plasma glucose, BP=blood pressure, HDL-C=high-density lipoprotein cholesterol
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ABSTRACT

BACKGROUND: Food is a fundamental factor directly impacting human health. However, when food is
contaminated with pathogens, toxins, or foreign substances, it leads to “food poisoning,” a critical public
health issue worldwide. In Thailand, food poisoning can occur acutely and significantly affects the economy,
healthcare resources, and the quality of life of consumers. According to the World Health Organization, the
primary causes are microorganisms, microbial toxins, chemical contaminants, and natural toxins.
OBJECTIVES: The aim of this study was to investigate the demographic characteristics, Health Literacy,
Health Belief Model (HBM) factors, and food poisoning Preventive Practices among residents in the service
area of Phanat Nikhom Hospital. Furthermore, the influence of these variables was analyzed.

METHODS: This research is a cross-sectional analytical study. The sample consisted of 354 residents
selected through convenience sampling. Data were analyzed using descriptive statistics and multiple
regression analysis.

RESULTS: The majority of the participants were female, ranging from working age to early elderly, with
primary to secondary education, and low income. Most were the primary food preparers in their households.
Although Health Literacy was generally high, both the Health Belief Model and Preventive Practices were at
a moderate level.

CONCLUSIONS: Health Literacy and Health Belief Model showed a statistically significant positive
correlation with Preventive Practices (p<0.05). Therefore, health education programs should focus on
reducing perceived severity and enhancing communication skills to effectively bridge the gap between
knowledge and practice. Specifically, interventions should aim to heighten perceived susceptibility by
illustrating how even ‘mild’ cases can lead to long-term health complications or economic loss for the
family. By enhancing communication skills, residents can more effectively advocate for food safety standards
within their households and local markets. Ultimately, focusing on reducing perceived barriers and
enhancing self-efficacy will empower residents to manage household hygiene effectively.

KEYWORDS: health literacy, health belief model, primary prevention, food poisoning

Thaiclinicaltrials.org number, TCTR20260327001
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INTRODUCTION

Food plays a fundamental role in human health;
however, when food is contaminated with pathogens,
toxins, or foreign substances, it can cause food
poisoning, which is a common acute public health
problem worldwide, including in Thailand. Food
poisoning occurs as a result of consuming
contaminated food or beverages and commonly
presents with symptoms such as nausea, vomiting,
abdominal pain, and diarrhea; in severe cases, it may
lead to death.

Food poisoning stemming from pathogenic
microorganisms, toxins, or chemical contaminants
significantly impacts both economic stability and
quality of life. To combat this, the World Health
Organization advocates for the “Five Keys to Safer
Food,” which include cleanliness, separation,
thorough cooking, safe temperatures, and pure
ingredients, as the primary framework for improving
public health outcomes through behavioral change."
Therefore, increasing knowledge and promoting
hygienic food consumption behaviors are essential
strategies for reducing the incidence of food poisoning.

While over 90% of Thai consumers recognize
that food safety is a critical issue, specifically citing
concerns regarding chemicals and vendor hygiene,
there is a stark disconnect between this high level
of awareness and the physical reality of food
contamination. Research in Bangkok examining
these risks reveals that, despite public concern,
approximately 80% of meat samples from both fresh
markets and supermarkets tested positive for
Salmonella spp.?

Reflecting on trends occurring since the
beginning of 2023, at that time the incidence of food
poisoning stood at 9.35 per 100,000 population.®
However, the situation escalated dramatically by 2025,

and data as of March 14 revealed that the morbidity

rate surged to 58.28 per 100,000 population,
accounting for more than 37,831 cases.*

This comparison highlights that the threat of
food poisoning is not static but is expanding
significantly. The most vulnerable group is
school-aged children (5-9 years old).® This shift
underscores an urgent need to elevate food safety
standards in both educational institutions and
households, particularly during the transition from
winter to the summer period when pathogens
proliferate with exceptional ease.

Demographic data indicate that the highest
incidence rates occurred among young adults,
specifically in the 15-24 and 25-34 age groups.
Regarding occupational distribution, the majority of
the patients were general employees (40.33%),
followed by students (23.07%). These statistics
underscore the prevalence of food poisoning in urban
and industrial areas within the region, including
Chonburi Province and its semi-industrialized
agricultural zones. Although Thailand maintains an
efficient disease surveillance system, emerging
challenges have surfaced within these semi-
industrialized agricultural zones, areas that represent
a critical juncture of lifestyle transition, where a
significant portion of the population faces ‘time
poverty’ driven by industrial shift-work. This constraint
has shifted consumption patterns toward a heavy
reliance on out-of-home food sources. While previous
research has primarily focused on basic knowledge
surveys, there remains a critical gap in in-depth
analyses of Health Literacy and the Health Belief
Model (HBM) as they relate to actual Preventive
Practices within this specific context.®” Previous
research on food poisoning in Thailand includes
studies on patients in Nong Khai Province®, Rayong
Province®'®, Bangkok'', Uthai Thani Province'?, and

Nakhon Ratchasima Province'®.
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This research is a cross-sectional analytical
study designed to explore the relationship between
Health Literacy and the Health Belief Model in
influencing food poisoning Preventive Practices
among industrial workers. It specifically addresses
the issue of ‘time poverty,” which drives high-risk
consumption habits despite existing baseline
knowledge. The findings suggest a shift in traditional
health education toward practical communication
strategies and health promotion measures that align
with the real-life constraints of the target population.

METHODS

This study is cross-sectional research aimed
at investigating Health Literacy and Health Belief
Model associated with food poisoning prevention
practices within the service area of Phanat Nikhom
Hospital. The research was conducted from October
12, 2025 to February 12, 2026 (CBO REC 2568-089).
Population and Sample Size

The population frame for this study consists
of 4,648 people within the service area of Phanat
Nikhom Hospital.® A probability sampling method was
used for the sample selection, and the calculated
sample size was 354 people, based on Krejcie and
Morgan (1970)", with the margin of error (e) set
at 0.05.

Research Methodology

Quantitative data were collected from October
12, 2025 to February 12, 2026 using a researcher-
developed questionnaire by applying the following steps:

1. Consultation and preparation.

2. Preparation and training of the data
collection assistant team.

3. Meeting with the target residents living
within the service area of Phanat Nikhom Hospital.
Research Instruments and Instrument Quality

The questionnaire consists of the following

sections:

Part 1: General Information of the Respondents

This section includes the gender, age,
education level, monthly household income, and the
person primarily responsible for meal preparation in
the household.

Part 2:History and Experience Related to
Food Poisoning

Part 3: Assessment of Health Literacy

This section measures levels of Health
Literacy in terms of knowledge and understanding,
access to health information and services,
communication skills, decision-making skills,
self-management skills, and media literacy. A
five-point Likert scale was used, ranging from “Very
High” to “High,” “Moderate,” “Low,” and “Very Low.”

Part 4: Assessment of the Health Belief
Model

This section evaluates the Health Belief
Model in terms of perceived susceptibility, perceived
severity, perceived benefits, perceived barriers, cues
to action, and self-efficacy. A five-point Likert scale
was used, ranging from “Very High,” to “High,”
“Moderate,” “Low,” and “Very Low.”

Part 5: Assessment of Preventive Practices
Against Food Poisoning

Preventive Practices were assessed using a
four-point Likert scale, consisting of “Regularly,”
“Frequently,” “Occasionally,” and “Never.”
Reliability Testing

The questionnaire was pilot-tested with a
pre-test among 30 residents with characteristics
similar to the target population living within the service
area of Phanat Nikhom Hospital. Cronbach’s alpha
coefficients were calculated for each section, with
results ranging from 0.74 to 0.95, which exceed the
acceptable standard value of 0.70," The Index of
Item-Objective Congruence (IOC) values ranged from

0.80 to 1.00, indicating a high level of content validity.
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Statistical Data Analysis

Data obtained from 354 completed question-
naires were analyzed using a statistical software
package. The following statistical methods were
applied:

Descriptive Statistics: frequency, percentage,
mean, and standard deviation were used to describe
the general information, Health Literacy, Health Belief
Model factors, and Preventive Practices.

Inferential Statistics: multiple regression
analysis with coefficients at a 95% confidence level
was used to determine the influence of Health
Literacy, Health Belief Model, and Preventive
Practices regarding food poisoning prevention.

RESULTS

The majority of the respondents were female,
accounting for 53.4%, followed by males at 46.6%.
Most participants were aged 41-50 years (20.6%),
followed by those aged 51-60 years (20.3%) and
31-40 years (19.8%).

Regarding educational attainment, 33.3% had
completed primary education, followed by 29.4% with
secondary education and 27.4% with a bachelor’s
degree.

In terms of monthly household income, 27.4%

reported earning less than 10,000 baht or between
10,000-19,999 baht, followed by 26.3% earning
20,000-39,999 baht and 11.3% earning 40,000—
59,999 baht.

The majority of the respondents reported that
they themselves were primarily responsible for food
preparation in the household (54.5%), followed by
their spouse (20.1%) or parents (16.7%), respectively.

Most respondents had previously experienced
food poisoning, accounting for 58.5%, while 41.5%
reported having no prior experience. Among those
who had experienced food poisoning, 61.2%
reported no severe symptoms, followed by 18.1%
who experienced mild symptoms that resolved on
their own, and 15.3% who required medical attention
at a hospital or clinic. Additionally, 64.4% stated that
no family members or close contacts had experienced
food poisoning within the past 12 months, whereas
35.6% reported that family members or close contacts
had experienced food poisoning during the same
period.

Descriptive Analysis of Health Literacy, Health
Belief Model, and Food Poisoning Preventive

Practices

Table 1 Mean and Standard Deviation of Health Literacy, Health Belief Model, and Preventive Practices against Food

Poisoning. n=354

Variable X SD Level of Opinion

Health Literacy 3.47 0.38 High
Knowledge and Understanding 0.60 High
Access to Health Information and Services 3.45 0.61 High
Communication Skills 3.43 0.60 High
Decision-Making Skills 3.42 0.63 High
Self-Management Skills 3.50 0.64 High
Media Literacy 3.54 0.58 High

Health Belief Model 3.22 0.23 Moderate
Perceived Susceptibility to Food Poisoning 3.23 0.53 Moderate
Perceived Severity 3.20 0.51 Moderate
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Table 1 Mean and Standard Deviation of Health Literacy, Health Belief Model, and Preventive Practices against Food

Poisoning. n=354 (continue)

Variable X SD Level of Opinion
Perceived Benefits of Prevention 3.27 0.51 Moderate
Perceived Barriers to Action 3.18 0.50 Moderate
Cues to Action 3.21 0.53 Moderate
Self-Efficacy 3.25 0.55 Moderate

Preventive Practices against Food Poisoning 3.10 0.17 Moderate

The analysis reveals that Health Literacy, self-efficacy) are statistically significantly correlated
including health communication skills as well as the  with food poisoning prevention practices at the 0.05
Health Belief Model (perceived severity, perceived level.
benefits, perceived barriers, cues to action, and

Table 2 Multiple Regression Analysis Coefficients of Health Literacy, the Health Belief Model and Practices for Prevention

Variable Practices for Prevention Collinearity
B Beta (B8) Standard t p  Tolerance VIF
Coefficient Error
Health Literacy 2.680 0.083 32.245* 0.00
Knowledge and Understanding 0.019 0.067 0.017 1.170 0.24 0.825 1.211
Access to Health Information and 0.010 0.036 0.017 0.628 0.53 0.804 1.244
Services
Communication Skills 0.034 0.118 0.017 2.015* 0.04 0.785 1.274
Decision-Making Skills 0.011 0.041 0.016 0.719 0.47 0.806 1.241
Self-Management Skills 0.016 0.058 0.015 1.022 0.30 0.821 1.219
Media Literacy 0.031 0.105 0.017 1.865 0.06 0.850 1.177
Health Belief Model 2.223 0.118 18.808 0.00
Perceived Susceptibility 0.024 0.074 0.017 1.467 0.14 0.961 1.041
Perceived Severity 0.065 0.190 0.017 3.773* 0.00 0.963 1.038
Perceived Benefits 0.047 0.140 0.017 2.771* 0.00 0.966 1.036
Perceived Barriers 0.059 -0.172 0.017 3.445* 0.00 0.982 1.018
Cues to Action 0.036 0.111 0.016 2.214* 0.02 0.977 1.024
2.6 Self-Efficacy 0.042 0.132 0.016 2.648* 0.00 0.980 1.020

0<0.05
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DISCUSSION

General Characteristics of the Sample Group:
The majority of respondents were female (53.4%).
Most were aged between 41 and 50 years (20.6%)
and had completed primary education (33.3%).
Regarding economic status, most household incomes
were below 20,000 baht per month. Notably, more
than half of the respondents (54.5%) were responsible
for preparing their own meals. This demographic
structure reflects a sample group consisting of the
working-age population and early elderly who play a
primary role in the household, particularly with regard
to food preparation. The fact that most of the
participants had primary or secondary education
suggests that access to health information depends
heavily on the communication format.

History of Food Poisoning Experiences: The
study found that 58.5% of the sample group had
previously experienced food poisoning; however,
most of these cases were mild to moderate in
severity. In the past 12 months, 64.4% of households
reported no members with food poisoning symptoms.
These results suggest that while many respondents
have previously experienced food poisoning, the lack
of severe symptoms may cause Preventive Practices
to be overlooked, as the perceived severity is not
adequately high. This aligns with the subsequent
Health Belief Model assessment, which remained at
a moderate level, suggesting that non-severe
experiences are insufficient to drive consistent
preventive actions.

Health Literacy, Health Belief Model, and Food
Poisoning Prevention Practices: Although overall
Health Literacy was at a high level, the Health Belief
Model and Preventive Practices were found to be at
moderate levels. This indicates that solely having
knowledge does not automatically translate into

appropriate behavior. This is consistent with the

Health Belief Model (HBM), which asserts that health
behavior depends on multiple components, including
perceived risk, perceived benefits, perceived barriers,
and cues to action. Consequently, in order to achieve
tangible results, the providing of knowledge must be
coupled with the creation of motivation for modifying
behavior. These findings are in line with those of
Nutbeam (2000)'®, which indicate that Health
Literacy must encompass the understanding,
appraisal, and application of information, rather than
being limited to mere content knowledge.

The present study demonstrates that Health
Literacy is significantly and positively associated with
Preventive Practices, with all its subcomponents
showing statistically significant effects (p<0.05).
These results highlight that Health Literacy should
be conceptualized as a multidimensional and holistic
construct rather than being limited to the possession
of health-related knowledge alone. Among the Health
Literacy components, communication skills emerged
as the strongest predictor of Preventive Practices,
suggesting consistency with Nutbeam (2000)'¢,
which emphasizes that communication and social
interaction skills are essential for transforming health
knowledge into actual practice and that the capability
to engage in dialogue, ask questions, and understand
guidance from healthcare providers plays a critical
role in fostering effective health behaviors, beyond
the mere possession of knowledge. Furthermore, the
findings suggest that, regardless of an individual’s
level of health knowledge, insufficient communication
skills or limited ability to express personal health
needs may result in improper or inconsistent
Preventive Practices, reinforcing the need for health
promotion strategies that prioritize interactive and
participatory skill development over one-way
information delivery.

In addition, knowledge and understanding,
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communication skills, and media literacy exhibited
comparable levels of influence on Preventive
Practices. This indicates that the ability to
comprehend health information, communicate
effectively with health professionals, and critically
evaluate health-related messages from various media
sources collectively facilitates appropriate Preventive
Practices. Access to health information and health
services were also shown to significantly contribute
to Preventive Practices, emphasizing that the
availability of reliable information and accessible
services provides an enabling factor that reduces the
structural barriers to health-promoting behaviors.

Moreover, all constructs of the Health Belief
Model were found to be significantly associated with
Preventive Practices (p<0.01), albeit with varying
magnitudes of effect. Perceived barriers emerged as
the most influential factor, indicating that the reduction
of practical, psychological, or contextual obstacles is
crucial for enhancing Preventive Practices. This
finding aligns with behavioral theory, which posits
that even individuals with adequate knowledge and
motivation may fail to act when the perceived barriers
outweigh the perceived benefits.

Perceived severity and perceived barriers were
also strong predictors, suggesting that awareness of
the serious consequences of illness, together with a
clear understanding of the advantages of preventive
actions, serves as a powerful motivational mechanism
for behavior change. Self-efficacy further played a
substantial role, reinforcing the notion that individuals
are more likely to engage in Preventive Practices
when they believe in their own ability to successfully
perform such behaviors. Although cues to action and
perceived susceptibility demonstrated comparatively
smaller effects, their significant associations highlight
the importance of external prompts and personal risk

awareness in initiating actionable change.

The study identified a knowledge-action
gap, in which high Health Literacy did not lead to
equally strong food poisoning Preventive Practices.
This may be explained by the Health Belief Model
(HBM), particularly with regard to low perceived
severity, as many participants had previously
experienced only mild symptoms, which led to a low
level of perceived risk. Consequently, their motivation
to follow Preventive Practices was limited. Moreover,
perceived barriers such as time constraints,
financial limitations, and lifestyle demands appeared
to outweigh the perceived benefits, further
reducing adherence to consistent Preventive
Practices.

Overall, Preventive Practices were shaped by
the combined influence of Health Literacy and Health
Belief Model, indicating that knowledge alone is
insufficient to drive behavioral change. These findings
support existing theoretical frameworks and empirical
evidence, aligned with prior studies that identify
Health Literacy as a critical determinant of disease
prevention while emphasizing the mediating role of
belief, intentions, and self-efficacy in translating
knowledge into action, in accordance with Kickbusch
et al. (2013)" and Nutbeam (2000)'®, who state that
Health Literacy is a key driver of disease Preventive
Practices. Also, Ajzen (1991)" and Fishbein and
Ajzen (1975)" explained that belief and intentions
serve as critical mediators influencing individual
actions, which supports the correlational analysis
results.

These findings are also consistent with the
Thai social context, where people have higher levels
of health knowledge, yet a gap between knowledge
and practice still persists. Consequently, this reflects
that knowledge alone is insufficient to change
deeply rooted dietary behaviors and cultural eating
habits.
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Impact of Missed Outpatient Follow—-Up on 1-Year Major Adverse Cardiovascular Events in Low-Risk

STEMI Patients under a Shared—Care System: A Retrospective Nested Matched Case-Control Study
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ABSTRACT

BACKGROUND: ST-elevation myocardial infarction (STEMI) patients with a preserved left ventricular
ejection fraction (LVEF=50%) after primary percutaneous coronary intervention (PCI) are generally
con-sidered low-risk; however, major adverse cardiovascular events (MACE) still occur in 10-15% within the
first year. In Thailand's Shared-Care system, post-STEMI patients transferred from tertiary to secondary
hospitals for follow-up may experience care gaps, with missed appoint-ments representing an unrecognized
system-level risk signal.

OBJECTIVES: To evaluate the association between missed outpatient follow-up exceeding 60 days and
1-year MACE in STEMI patients with preserved LVEF under a Thai Shared-Care sys-tem.

METHODS: This retrospective, nested, matched case-control study was conducted at Pattaya Bhattamakun
Hospital, Chonburi, Thailand (2020-2025). Cases experienced a MACE composite endpoint (cardiovascular
death, nonfatal MI, ischemic stroke, unplanned revascularization, heart failure hospitalization) within 365
days post-discharge. Controls were matched by gen-der and age (x5 years) at variable ratios (1:7-1:10) and
analyzed with exact conditional lo-gistic regression. Two multivariable models were constructed: Model 1
(adjusted for diabetes mellitus and IV furosemide within 24 hours, used as a proxy for Killip class) and
Model 2 (ad-justed for diabetes mellitus).

RESULTS: The matched analysis included 100 patients (10 cases, 90 controls) from a cohort with an
overall MACE incidence of 4.9%. Missed follow-up for >60 days was significantly asso-ciated with MACE in
univariable analysis (OR=8.66, 95% CI: 1.67—-44.93, p=0.01) and remained significant after multivariable
adjustment (aOR=10.37, 95% CI: 1.75-61.60, p=0.01). Diabetes mellitus was an independent risk factor
(aOR=7.08, 95% CI: 1.39-36.13, p=0.02). Complete revascularization within 45 days was protective only in
univariable analysis (OR=0.18, 95% CI: 0.05-0.67, p=0.01).

CONCLUSIONS: Missed follow-up in a Shared-Care setting is significantly associated with 1-year MACE in
STEMI patients with preserved LVEF. This system-level indicator may support post-STEMI risk stratification
and proactive follow-up interventions.

KEYWORDS: ST elevation myocardial infarction, secondary prevention, appointments and schedules,

treatment adherence and compliance, case-control studies

Thaiclinicaltrials.org number, TCTR20260407003



260

o = J aa v
NITITHUINMTANY N NIMIAATADUN TIsemennansgi/nna

1171 43 1/U9 3 n.A.-n.8. 2569

N
v z L= a = a

Tsana uthavilaa1ulduunaunsia

ST-elevation (STEMI) flsaaidusnas A vesdn
=3 1 a Aaa s =
ATduthouazlFediaanlinnilanacnaaaiien
nalan wal primary percutaneous coronary
intervention (primary PCI) 3saadayidsdialaatng
fitnandny" filae STEMI 714 left ventricular ejection
fraction (LVEF w3aennsdudivasialarasansdie)
250% a9 primary PCI gniainiunguanuiiss
° 34, .t vL = o A .va = &
a** atnalafianu sanmaiamansatlifaszasd
nInaaaliaanala (major adverse cardio-vascular
events, MACE) mulu 1 T dynsagisonaz 10-15
LN AWDIANULRLIANFIN b gINITna TN beae
@1 LVEF 1ilp9agnatd®s® nalnandnynataibonlys
AuanuLFesi laun ﬂﬁi%q@ﬂﬂﬁwuLﬂﬁﬂLﬁa@aao
770 (dual antiplatelet therapy, DAPT) Aaun1A e
e o fo a X A Aa o A
FURUTAUANULTEIGIT UGN IIFDTIAUAZNAN LD
wlagnuale 1-2 Jusn” sl laSumsdSusiany
WUINWNITINBIAUNANFIU (guideline-directed
medical therapy, GDMT) agnai mwa%awﬂugﬂm
ACS Fauaz 29-33° uazminiuquiladuiioan’lal
WWEIWD % anuaulafia szauledu seduriana
& =2 L e o ga A o

Tuidaa SInuInFuRusnuautFuIlsamalanas

4 A X ae o e o
‘vmamLaawgwuamwuﬂmmylu;dmmmmm"n
muquvlajvlé’g FIsw D unaiuLo I NNV
AAANDENIADLBINAIINRUNE

luszuumssmgeine i STEMI was
primary PCI mnBawmmaizﬁumaﬂgﬁgﬂdwiaﬂﬁu
vlﬂﬁ@mumﬁ'ﬂmashwimﬁaaﬁiﬁwmmaﬁaﬂnﬁ
@1NUIZVUY Shared-Care ﬁaaiﬂwaami@ua (care

da X . X .
gaps) mﬂmulmaﬂmamaai:uuuwmﬂmm@ laun
sruutayaguaiwiidsliifeulossznitaniu
WHIUIRNIFDITZA mwé’uaumaagﬂamﬁmﬁu
FOWNSULGaLH0Y BRZAINAITIIUNTZUINNNT
9618 mwmﬁaluu’%uwﬁ%msgﬂuaaLﬂmﬁm
ﬂmmmmiwﬁamaa;&fﬂaULL@ia:qﬂﬂa e Ll

o

@ A

FUU WA UITAVUITZUUNUITDIT0931908INNT

)

qua™" aglsfiona dylifimsfinsiamzlugie

U

STEMI f LVEF>=50% mﬂ@ﬁ:‘uu Shared-Care
Yag e
Ao Hao & A = e o &

mAAuiiTanUeaidiNadnmanuFuius
FERINTVIARAWINNT 60 T3 AU MACE aulu
17 lu@:ﬂm STEMI i LVEF>50% wazszyiladenig
ARANANAUFUNUTIY MACE agnslinpadgy
z] & v o v o
FINUHN 60 I NMRUARDAARBINUNITAVLIA 4-8
Fa1ifiuuinig ACC/AHA mwualigionas
STEMI a23lasunisaaaainatssiinszeau laduuas
USuenaa lusiuanudntugs (High intensity statin)
S’Tjaﬁmﬂui@ﬁ'&ﬁu’lumsﬂmﬁunam{]ﬁ (Secondary

. 12 o A a YR =
prevention)'? N1321a%a L% 60 T WRWBTINT
WA WM IQUATIT@AYneaaini

ad
A5n1@N¥

MIANBIUDL retrospective nested matched
case-control study th Iﬂwmumﬁwmﬂ‘ﬂuqm
fﬁ'mi‘cﬂmq‘% lasuni1sSutesanamenIINNIT
‘ﬂ%ﬂﬁii&lﬂ’]ﬁ’:jﬂlu&l‘%wﬁ éwﬁmmmmﬁ;mqmﬁmﬁ'@
783 (COA No. CBO Rec 2568-072) Wiaumsuniis
nIvaaNNdugaNNFidIINIdL
dszrInsuazngaciasng

dszonifadiag STEMI nﬂimﬁvlﬁ%'u
primary PCl uazanwuiua18 LVEF=50%
™ Iiawmmaﬁﬂmﬂwuqm ITHIN 1 UnNIaN
W.7. 2563 §19 31 TUINAN W.7. 2568 I1WIU 294 18
AERaINIIAaaan 91 318 (LVEF<50%: 38 318,
v Il 6 ' ' .2( ‘:'
TBHQVLNKNHSRL: 22 318, FIdoaanuaniNun: 17 318,
a Aa ' =1 Y
LFOTINTZRINIUOUITINGLIA: 14 T8) GRVRRT Il
Anasin1I@n® 203 T (Figure 1)

'
a a

ngufnu (cases) da filofiiia MACE
composite endpoint Aely 365 T4 RAITIRUNL
NENAILAY (controls) ﬁmﬁanmnmjuﬂs:mm
WAEIM AUGUULIAMFIWUU T (1:7-1:10) FaBLWe
(uuuamee) uazany (5 U laoioutawiu £10 T
193U 3 qmﬁug’ﬁmjuﬁnmﬁmqmn) laeating
@319 100 M8 (mﬁuﬁﬂ‘m 10 38, NFUAILAY
90 78) 1w 10 TANITIUE AWIDVIAGI DL

§93 Schlesselman™ & %30 matched case-control



Vol. 43 No.3 Jul.-Sep. 2026

261

J Prapokklao Hosp Clin Med Educat Center

(p0=0.20, OR=4.0, r=1:7, 0(=0.05, power=0.80) 'l¢
5wmuﬂ@:uﬁﬂm%mi°w 18 18 atndlsAey wWuM3
1ig MACE 939Ligd 10 318 (Sa8as 4.9) \iagan
1% cases dnIANIEnls namsinwn3eda
Hunmsansddie e Rt ansme hy-pothesis-
generating (exploratory) L‘ﬁ:a\‘imﬂ events per variable
(EPV) snninunousi
MsaiinnIseuazasasile

sausindeyaannszuuiizszidon
lannTefing (EMR) faunds loun Toyalszang
‘[m;ﬁ%’mmﬁmﬁmﬂu@ﬁuLLa:mmaauﬁagaﬁd
nNANBILAZNANAILAN Tasuiduaninaanidon
wala anwoe STEMI mssnen endiladsuidiosming
28NN LTINILA (discharge medications) N3
Ujifeuianuns uszingmaol MACE anaq 365
T Jadu@nwInan (Main exposure) AaN13219%A
WIKNI1 60 % Uszlluan maximum appointment
gap Tw EMR 3flass MACE enwanasgiuana laur
cardiovascular death (ICD-10: 121-125, 146, 150),
non-fatal Ml (ESC 2018 Universal Definition),
ischemic stroke (CT/MRI), unplanned revascularization
Wae heart failure hospitalization (Fram-ingham
criteria) lagld first-event analysis 3fadiglsasrua3
419931% WHO/ACC/AHA
M3anidoya

wisnadayaiduinuiu feuaz ALadet
dawﬁmmummgm (mean+SD) &1RIUA LT
doiflasfiiimInszanouuusuines (218u8z LVEF)
wAzANITUIIUNIBY interquartile range (median, IQR)
sAnsudulsaatiiosidn1snszareul (time-to-
MACE) i uifluinumieAug ue Fisher's exact
test §1%IUAIULIIANGN WAL independent samples
t-test swSUGIUYsdaLila (278udz LVEF) 1o
73798810 homogeneity iw'jwﬂ@:uﬁﬂmua:
njualuQu Lianld exact conditional logistic
regression''® Lﬁaamﬂmiaammmmuﬁuﬂ ngu

faEIIWIALEN (n=10 cases) LAzNTILAA com-plete

separation w111y beta-blocker (Fauaz 100 lunga
fnw) Savinli asymptotic method laj&1a138 con-
verge ¢

TEWAT OR, p-value Uaz 95% Cl 91N IBM
SPSS Statistics v.31 lngl5dn&s COXREG ¢p exact
method ﬁmﬁaﬂé’aLLﬂiwné’aLLﬂiﬁmmmﬁ p<0.20
TIWAY clinical importance 831 2 LULINaad: Model 1
USuAnes DM uaz IV furosemide nelu 24 .
1T Killip proxy) UWaz Model 2 (U3uanaae DM) @auils
fifidoyagamis >30% (DAPT fauaz 38, statin
Jauaz 35, Killip class 388az 45) oNANEANIINLUY
TRDINATIULT

D

RO robustness A28 sensitivity analysis N

threshold pre-specified 45 a2 90 1% MAUATLFTIATY

o

a

MIFRAT p<0.05 (2-tailed)
NAaNIIANEN

nngfthy STEMI FIMAA 294 318 MURAINNT
ﬁﬂaaﬂmummsﬁmmﬁagﬂaﬂﬁLﬂTﬁansﬁmiﬁﬂm
203 3¢ (Figure 1) gAn1snl MACE Yauaz 4.9 (10
970 203 T8) dregefilESiaeiiiTinan 100
lu 10 gan13dug dnwuzves MACE lungufinm
(Figure 2) 1v2naues non-fatal Ml (Fa8az 30),
cardiovascular death (%amz 20), heart failure
hospitalization (%’aila: 20), unplanned revascularization
(3988 20) WAz ischemic stroke (30882 10) 32821281
U3 Uanily MACE agjﬁ 196 11 (IQR: 126—232 Tis)

é’nwm:vﬁugmmm;jmTﬁwmsﬁﬂm (Table
1) mqmﬁlmmxﬁmmmwﬂﬂ&ﬁ BINUIZRINFDINGY
Lﬁaamnmﬁuﬁ @1 LVEF adglduanensin
(59.9+5.8 LAlBUMY 59.5¢5.8, p=0.84) NguANWA]
anugnlawuganiadliindazy (Sauas 80
Weunusasas 35.6, p=0.01) LAZAAI1 complete
revascularization nelu 45 Suenin (Jewaz 40
\Weufufasa: 80, p=0.03) sulsanliuaneofin
pg1901us1AY Killip class lau1sasgaule
Lﬁmmﬂﬁa;&agtymﬁaﬂa: 45



’s = s Aaa 9 A o A
262 ?75ﬂ75ﬂ”ffﬂ75Ffﬂy7llw7’]ffﬁ7ﬂ@5ﬂﬁuﬂ 75\77’15/71’73774’731#7[“277 ﬂ?’] 43 AYYUN 3 N.A.-N.8. 2569

Table 1 Baseline Characteristics of Study Participants (N=100)

Cases Controls
Variable p-value
(n=10) (n=90)

Demographic (matched)
Age (years), meantSD 66.4+10.7 66.619.6 0.95
Male sex, n (%) 8 (80.0) 74 (82.2) 0.86
Cardiovascular risk factors
Diabetes mellitus (DM), n (%) 8 (80.0) 32 (35.6) 0.01
Hypertension (HTN), n (%) 8 (80.0) 61 (67.8) 0.42
Dyslipidemia (DLP), n (%) 7 (70.0) 62 (68.9) 0.95
Current/former smoker, n (%) 5 (50.0) 42 (46.7) 0.85
Atrial fibrillation, n (%) 2 (20.0) 10 (11.1) 0.42
CKD (eGFR <60 mL/min/1.73m?), n (%) 4 (40.0) 16 (17.8) 0.12
STEMI characteristics and treatment
Anterior STEMI, n (%) 3 (30.0) 41 (45.6) 0.36
Multivessel disease, n (%) 7/9 (77.8) 36 (42.4) 0.07
Complete revascularization<45 days, n (%) 4 (40.0) 72 (80.0) 0.03
IV Furosemide within 24h (Killip proxy) 1, n (%) 4 (40.0) 20 (22.2) 0.24
LVEF (%), meant+SD 59.945.8 59.5+5.8 0.84
Discharge medications
DAPT (Aspirin + P2Y12 inhibitor), n (%) 10 (100.0) 90 (100) -

Clopidogrel, n (%) 8 (80.0) 80 (88.9) 0.45

Ticagrelor, n (%) 2 (20.0) 8 (8.9) 0.28
High-intensity statin, n (%) 9 (90.0) 83 (92.2) 0.80
RAAS inhibitor, n (%) 9 (90.0) 80 (88.9) 0.91
Beta-blocker, n (%) 10 (100.0) 82 (91.1) 0.37

Abbreviations: CKD=Chronic kidney disease;, DAPT=Dual antiplatelet therapy; DM=Diabetes mellitus; DLP=Dyslipidemia;
eGFR=Estimated glomerular filtration rate; HTN=Hypertension; LVEF=Left ventricular ejection fraction; RAAS=Renin-angio-
tensin-aldosterone system. 1 IV Furosemide within 24h used as Killip class proxy. 1 Multivessel disease data avail-able for
n=9 cases (1 missing); percentage calculated from available data. Age was used as a matching variable (caliper +5 years,

relaxed to +10 years for 3 matched sets); p-value reported for homogeneity verification.



Vol. 43 No.3 Jul.-Sep. 2026

263

J Prapokklao Hosp Clin Med Educat Center

All STEMI patients who underwent primary PCI
N=294 (2020-2025, Pattaya Bhattamakun Hospital)

/Excluded (n=91) \

* LVEF<50%: 38 patients

> * Incomplete data: 22 patients

y

Eligible study population N=203
(365-day follow-up post-discharge)

\4

Risk-set sampling Matched by sex (fixed) and
agetb years, relaxed to +10 years for 3

matched sets Variable ratio 1:7-1:10

A A

Cases n=10 Controls n=90 MACE-

Patients with MACE free patients Matched

within 365 days at ratio 1:7-1:10

y A

Analytic sample N=100 (10 matched sets)
10 Cases : 90 Controls

Figure 1 Study Flow Chart
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Table 2 Univariable and Multivariable Exact Conditional Logistic Regression analysis (N=100)

Adjusted OR Adjusted OR
Variable Univariable OR (95% CI) p-value (Model 1)t p-value (Model 2)t p-value
(95% CI) (95% ClI)

Missed follow-up >60

8.66 (1.67-44.93) 0.01* 10.36 (1.71-62.78) 0.01* 10.37 (1.75-61.60) 0.01*
days(primary exposure)
Diabetes mellitus 6.44 (1.34-31.00) 0.02* 7.28 (1.44-36.81) 0.02* 7.08 (1.39-36.13)  0.02*
IV Furosemide within

1.96 (0.45-8.57) 0.37  2.36 (0.29-19.23)  0.42 - -

24h §
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Table 2 Univariable and Multivariable Exact Conditional Logistic Regression analysis (N=100) (continue)

Adjusted OR Adjusted OR
Variable Univariable OR (95% CI) p-value (Model 1)t p-value (Model 2)t p-value
(95% ClI) (95% ClI)

DAPT non-adherence 5.43 (1.25-23.68) 0.02* - - - -
Statin non-adherence 10.01 (1.00-100.08) 0.05 - - - -
Complete revasc <45

0.18 (0.05-0.67) 0.01* - - - -
days
CKD (eGFR <60) 3.20 (0.82-12.49) 0.09 - - - -
Unscheduled ED visit 2.99 (0.77-11.67) 0.12 - - - -
Multivessel disease 4.94 (0.90-26.99) 0.06 - - - -
Hypertension 3.08 (0.38-24.79) 0.29 - - - -
Anterior STEMI 0.53 (0.14-1.94) 0.34 - - - -
Atrial fibrillation 1.82 (0.20-16.50) 0.60 - - - -
High-intensity statin 0.40 (0.04-3.90) 0.43 - - - -
Dyslipidemia 0.75 (0.20-2.80) 0.67 - - - -
EPV - - 3.3 (<10) # - 5.0 (<10) -

aOR=Adjusted odds ratio; Cl=Confidence interval; CKD=Chronic kidney disease; DAPT=Dual antiplatelet therapy; ED=Emergency
department; EPV=Events per variable; OR=0dds ratio; revasc=Revascularization. *p<0.05.  High miss-ing data (DAPT 38.0%,
Statin 35.0%); univariable only. § IV Furosemide as Killip class proxy; excluded from Model 2. Beta-blocker excluded: complete
separation (100% Cases). # EPV <10; results are exploratory only. EPV (Events Per Variable) is reported as a model
diagnostic indicator, not as a regression coefficient. 1 Model 1: Adjusted for diabetes mellitus and IV furosemide within 24h

(Killip class proxy). $ Model 2: Adjusted for diabetes mellitus.

(A) MACE Type Distribution (n = 10) (B) Time-to-MACE Distribution
6 Median = 196 days
HF Hosp CV Death (IQR: 126-232)
54
2
2 44
1]
k]
5 9]
Unplanned E
Revasc ; 24
Non-fatal MI
14
Stroke
0
0-90 91-180 181-270 271-365
Days after Discharge

CV=Cardiovascular, HF Hosp=Heart failure hospitalization; Revasc=Unplanned revascularization; MI=Myocardial infarction.
Median time-to-MACE=196 days (IQR: 126-232 days).

Figure 2 MACE Characteristics in Cases

Sensitivity analysis Hufw dose-response aOR w‘?jw‘ﬁumﬂ 6.42 ‘ﬁ 45 T (p=0.06) E‘; 10.37
relationship NALNMNNIENUTZAD (Table 3) las 4§ g0 5u (p=0.01) uaz 14.62 7 90 3 (p<0.01)
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Table 3 Sensitivity Analysis: Dose-Response across Pre-specified Missed Follow-Up Thresholds

Threshold

Crude OR (95% Cl)

aOR* (95% CI)

Missed FU>45 days
Missed FU>60 days (primary)

Missed FU>90 days

4.24 (0.83-21.58)
8.66 (1.67-44.93)

13.40 (2.57-69.93)

6.42 (0.90-45.95)
10.37 (1.75-61.60)

14.62 (1.93-110.7)

aOR=Adjusted odds ratio (adjusted for DM, Model 2). CI at 45-day threshold crosses null; interpret as trend only.
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ABSTRACT

BACKGROUND: Dementia is a major public health concern in aging societies. Patients with dementia
frequently experience prolonged and highly variable hospital stays, placing a significant burden on healthcare
systems. Conventional statistical approaches, such as Ordinary Least Squares (OLS) regression, may yield
biased estimates when applied to clinical data with outliers or heteroscedasticity. Robust Regression offers
a more appropriate alternative; however, its comparative performance in psychiatric hospital settings in
Thailand remains underexplored.

OBJECTIVES: This study aimed to investigate the factors associated with hospital length of stay (LOS)
among patients with dementia and to compare the performance of Ordinary Least Squares (OLS) regression
and Robust Regression in a psychiatric hospital setting in Thailand.

METHODS: A retrospective analytical study was conducted using the medical records of 120 patients with
dementia admitted to Suansaranrom Hospital between June and October 2025. The variables examined
included age, Charlson Comorbidity Index (CCI), Clinical Dementia Rating (CDR), Behavioral and
Psychological Symptoms of Dementia (BPSD), and length of stay (LOS).

RESULTS: The mean LOS was 29.3£15.2 days, with 8 outlier cases (6.7%) having a LOS longer than 60
days. OLS regression did not reveal any statistically significant overall relationships among the variables. In
contrast, Robust Regression identified age, CCI, and CDR as significant predictors of LOS, with CDR exhibiting
the strongest influence. BPSD was not statistically significantly associated with LOS in either analytical
method. Furthermore, patients aged 60 years and older were more likely to experience prolonged hospitalization.
CONCLUSIONS: Robust Regression is more appropriate than OLS for clinical datasets containing outliers
and heteroscedasticity, providing more reliable estimates of factors associated with LOS among patients
with dementia. These findings may support individualized care planning, systematic management of
behavioral and psychological symptoms, multidisciplinary collaboration, and the development of community-
based preventive strategies aimed at reducing prolonged hospitalization among high-risk elderly patients.
KEYWORDS: dementia, length of stay, robust regression, charlson comorbidity index, clinical dementia

rating, behavioral and psychological symptoms of dementia

Thaiclinicaltrials.org number, TCTR20260329010
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INTRODUCTION

Prolonged hospital length of stay (LOS) among
patients with dementia represents a significant
challenge for psychiatric healthcare systems world-
wide. Extended hospitalization not only increases
healthcare costs but also elevates risks of hospital-
acquired complications, diminishes quality of life, and
places a substantial burden on caregivers and families.
Identifying modifiable predictors of LOS is therefore
a priority for evidence-based resource planning.

Dementia is a group of neurocognitive
disorders characterized by progressive decline in
memory and cognitive function, severely affecting
daily activities and quality of life. Approximately 57
million patients were living with dementia worldwide
in 2021, projected to increase to 78 million by 2030
and 139 million by 2050, with Southeast Asia and
the Western Pacific expected to experience the most
rapid growth'?. Thailand entered a fully aged
society in 2021, with adults aged 60 years and above
accounting for approximately 20% of the total
population®. The estimated number of patients with
dementia in Thailand reached 680,000-800,000 in
2021 and is projected to approach one million within
the next decade”.

At Suansaranrom Hospital, a leading
psychiatric facility in Southern Thailand, patients with
dementia account for an increasing proportion of
hospital admissions. Clinical observations suggest
that certain patient subgroups—particularly older
adults with multiple comorbidities and severe
behavioral symptoms—experience substantially
longer stays. However, the specific factors contributing
to prolonged LOS have not been systematically
investigated in this setting, representing a gap in
local evidence.

Regression analysis is commonly employed

to identify predictors of LOS. Ordinary Least Squares

(OLS) Regression assumes normally distributed
residuals and is sensitive to outliers. In clinical
datasets where a minority of patients experience
unusually prolonged stays, OLS estimates can be
biased or inefficient. Robust Regression using the
Iteratively Reweighted Least Squares (IRLS) method
with HuberT norm reduces the influence of outliers,
offering more reliable estimates. When data violate
OLS assumptions—as is characteristic of hospital
LOS distributions—Robust Regression may represent
a more appropriate analytical approach®®’.

This study therefore aimed to: (1) identify
significant factors associated with LOS among
patients with dementia at Suansaranrom Hospital;
(2) examine the relationships among age, comorbidity
burden (CCI), and dementia severity (CDR score) on
LOS; and (3) compare the analytical performance of
OLS and Robust Regression models in analyzing this
dataset.

METHODS

This study employed a retrospective analytical
research design. Data were extracted from medical
records of patients with dementia admitted to
Suansaranrom Hospital. The study was approved by
the Human Research Ethics Committee of Kasem
Bundit University (COA No. R002/69X).

The population consisted of all patients with
dementia admitted to Suansaranrom Hospital
between June and October 2025. This five-month
period was selected as it represented the most recent
complete dataset available at the time of approval,
with consistent admission patterns and complete
medical records. A total of 120 patients were
included using purposive sampling.

Inclusion criteria: (1) diagnosed with dementia
according to DSM-5 criteria; (2) complete medical
records including all study variables; (3) continuous

hospitalization during the study period. Exclusion
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criteria: (1) patients transferred to another facility
during admission, as their LOS reflected logistical
rather than clinical factors; (2) patients whose
prolonged stay was attributable exclusively to an
acute non-dementia comorbidity requiring specialist
management unrelated to dementia.

Sample size was calculated using 40-50
observations per predictor variable, consistent with
recommendations for multiple regression with
continuous outcomes.® With 3 predictor variables, a
minimum of 120-150 cases was required. The final
sample of 120 cases met this threshold and was
further confirmed to provide adequate statistical
power (power=0.80, effect size 2=0.15, (=0.05) via
G*Power 3.1.

Research Instruments

A structured data collection form was developed
by the research team to systematically extract and
record information from paper-based hospital medical
records. The form captured: (1) age (years); (2) type
of dementia (underlying etiology); (3) comorbidity
burden, measured by the Charlson Comorbidity Index
(CCI); (4) disease dementia, measured by the Clinical
Dementia Rating scale (CDR score: 0=none,
0.5=questionable, 1=mild, 2=moderate, 3=severe);
(5) presence and type of Behavioral and Psychological
Symptoms of Dementia (BPSD); and (6) total length
of stay (LOS), defined as the number of days from
admission to discharge.

Data Collection

Data were extracted from paper-based
medical records maintained by the Medical Records
Department of Suansaranrom Hospital. Two trained
research assistants independently abstracted data
from each eligible medical record onto the structured
data collection form. Cross-verification was performed
for 20% of randomly selected records (n = 24) to

ensure data accuracy, and any discrepancies were

reviewed and resolved by the principal investigator.
Data were then entered into an electronic database
by the principal investigator using a double-entry
verification procedure.
Data Analysis

Descriptive statistics (mean, SD, median, IQR,
frequency, percentage) were used to describe
sample characteristics and the distribution of LOS.
Prior to regression analysis, OLS assumptions were
checked: (1) linearity assessed by residual plots; (2)
homoscedasticity assessed by Breusch-Pagan test;
(3) normality of residuals assessed by Shapiro-Wilk
test; (4) multicollinearity assessed by Variance
Inflation Factor (VIF). Outlier detection was performed
using Box plot analysis. Since assumption checking
revealed violation of homoscedasticity and presence
of significant outliers, Robust Regression (IRLS
method with HuberT norm; tuning constant c=1.345)
was identified as the appropriate primary analysis.
OLS results are presented for comparison. CDR
severity score, CCl comorbidity score, and age
served as independent variables; total LOS (days)
was the dependent variable. BPSD was used for
clinical characterization of outlier patients but excluded
from regression models due to multicollinearity with
CDR (VIF >5). A supplementary regression analysis
examined age group (=60 years vs. <60 years) as a
predictor of monthly admission volume to contextualize
population burden. Statistical significance was set at
p <0.05. Data were analyzed using Python 3.11 with
statsmodels 0.14 and scipy 1.11.4 libraries.

RESULTS

Sample Characteristics

Of the 120 patients with dementia, the mean
age was 72.318.3 years (range 53-92 years).
The majority were female (58.3%) and aged >60
years (90.3%). The mean LOS was 29.3+15.2 days
(median days=27.0, IQR=18.0-36.0 days; range
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14-110 days). Table 1 presents demographic and

clinical characteristics for all patients and compares

outlier cases (n=8, LOS>60 days) with non-outlier

cases (n=112).

Table 1 Demographic and Clinical Characteristics: All Patients and Outlier vs. Non-outlier Cases

Variable All Patients Outlier Cases Non-outlier p-value*
(n=120) (n=8) (n=112)
Age, meantSD (years) 72.3+8.3 N/A N/A N/A
Age, median (IQR) 71.0 (66-79) N/A N/A N/A
Age 260 years, n (%) 109 (90.3) 8 (100) 74 (66.1) <0.001
101 (90.2) 0.09
Female, n (%) 70 (58.3) 5 (62.5) N/A 0.002
Dementia type: Alzheimer's 68 (56.3) 6 (75.0) N/A N/A
Dementia type: Vascular 34 (28.3) 2 (25.0) N/A <0.001
Dementia type: Other 18 (15.0) 0 (0) N/A N/A
CCl score, mean+SD 2.1+1.3 4.3+0.3 N/A N/A
CDR score, mean+SD 1.320.3 2.3x0.3 N/A N/A
BPSD present, n (%) 82 (68.3) 8 (100) 74 (66.1) <0.001
<0.001 <0.001
LOS, mean+SD (days) 29.3+15.2 78.3£14.1 N/A 0.001
LOS, median (IQR) (days) 27.0 75.3 N/A N/A
(18-36) (65-90)
LOS, range (days) 14-110 61-110 N/A N/A

Note: p-values for outlier vs. non-outlier comparison derived from Mann-Whitney U test (continuous variables) and Fisher's exact

test (categorical variables). N/A = data not separately collected for non-outlier subgroup. *p < 0.05, **p < 0.01, ***p < 0.001.

The regression coefficients indicate that
Robust Regression provides more reliable and stable
effect size estimates compared to OLS regression,
particularly in the presence of outliers. The 95%
confidence intervals in the Robust model are
narrower, indicating greater precision. Age >60 years
emerged as the strongest factor associated with LOS,
followed by sex and temporal trends.

Consistent with the descriptive results (Table

1), most patients were elderly (90.3%), and all

outlier cases were aged 60 years and above, with
significantly longer length of stay (mean 78.3 days).
These findings highlight that advanced age, higher
comorbidity burden (CCI), greater dementia severity
(CDR), and the presence of BPSD suggest key
characteristics associated with extreme outcomes.
Overall, Robust Regression better captures
the true relationships among variables by minimizing
the influence of extreme values, making it more

appropriate for this dataset.
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Assumption Checking

Prior to regression analysis, the assumptions
of Ordinary Least Squares (OLS) regression were
evaluated. The Breusch-Pagan test indicated
significant heteroscedasticity (p=0.024). The
Shapiro-Wilk test revealed that the residuals were
not normally distributed (p=0.011). Box plot analysis
identified 8 outlier cases (6.7%). Given these

violations, Robust Regression was selected as the

primary analytical approach, with OLS results
retained for comparison purposes.
Outlier Detection

Box plot analysis of length of stay (LOS)
identified 8 outlier cases (6.7%). These cases were
characterized by unusually prolonged hospitalization,
with LOS exceeding 60 days and reaching a

maximum of 110 days.
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Figure 1 Box plots of the hospital length of stay (LOS) distribution among patients with dementia (n=120), illustrating 8
outlier cases (6.7%) with LOS exceeding 60 days. These outlier patients were characterized by advanced age (>75
years), multiple comorbidities (Charlson Comorbidity Index >3), high disease severity (CDR 2-3), and complex

behavioral and psychological symptoms (BPSD).
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Figure 2 Coefficient plots comparing ordinary least squares (OLS) and robust linear model (RLM) estimates with 95% confidence
intervals for age, comorbidity burden (CCI), and dementia severity (CDR score) as predictors of hospital length of stay (LOS)
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Regression Analysis: OLS vs. Robust Regression

Table 2 Regression Coefficients and Model Fit: OLS vs. Robust Linear Model (RLM)

Variable OLS Coefficient OLS p-value RLM Coefficient RLM p-value
Constant 11.25 0.51 1.48 —_
Age (years) 0.19 0.38 0.21 0.002**
Comorbidity (CCl) 0.09 0.93 2.04 <0.001***
Severity (CDR score) 4.62 0.023* 4.99 <0.001***
Overall model fit R?=0.05 — Scale=8.34 —
Adj.R?=0.02

F=1.92 (p=0.13)

Note: * p<0.05, ** p<0.01, *** p<0.001. RLM=Robust Linear Model using IRLS with HuberT norm (tuning constant c=1.345).
CDR=Clinical Dementia Rating (0-3); CCI=Charlson Comorbidity Index.

OLS Regression showed no overall statistical
significance (R?=0.05, F=1.92, p=0.13), with only CDR
severity significant ([3:4.62, p=0.023). In contrast,
Robust Regression revealed all three variables were
statistically significant: age ([3=0.21, p=0.002), CCI
comorbidity (B=2.04, p<0.001), and CDR severity
(B=4.99, p<0.001). Disease severity (CDR) exerted
the strongest influence on LOS, followed by comorbidity
(CCI) and age.

A separate supplementary regression analysis—
using age group (=60 years vs. <60 years) as the
independent variable and monthly admission count
as the dependent variable—demonstrated that the
age group >60 years was the strongest predictor of
admission volume per month ([3:162.37, SE=5.21,
p<0.001), contextualizing the population burden at
this facility.

DISCUSSION

This study identified disease severity (CDR
score), comorbidity (CCl), and age as significant
predictors of LOS among patients with dementia at
Suansaranrom Hospital, using Robust Regression
analysis—a method appropriate for this dataset

given the confirmed violations of OLS assumptions

(heteroscedasticity and non-normality of residuals).
The finding that CDR severity score was the
strongest predictor of LOS (B=4.99) is clinically
meaningful. Each one-unit increase in CDR score was
associated with an approximately 5-day increase in
LOS. Patients with CDR 2-3 (moderate to severe
dementia) face progressive functional decline,
increased dependence, and heightened susceptibility
to behavioral complications that complicate
discharge planning. CDR score has been validated
internationally as a predictor of care complexity.’
These findings suggest that CDR-based risk
stratification at admission could enable earlier
mobilization of intensive multidisciplinary support.
Comorbidity burden (CCIl) was the second
strongest predictor ([3:2.04). Each unit increase in
CCl corresponded to approximately 2 additional days.
Patients with multiple comorbidities (CCI >3) require
concurrent management of physical conditions along-
side dementia care, extending hospitalization due to
medication reviews, specialist consultations, and
stabilization needs. This aligns with evidence that
multimorbidity significantly complicates psychiatric

care in elderly populations.™
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Age was a statistically significant but smaller
contributor ([3=0.21, p=0.002). While each additional
year of age corresponded to only 0.2 additional days,
the cumulative effect across elderly patients (mean
age 72.3 years, 90.3% aged =60 years) is clinically
relevant. Older age is associated with slower
recovery, greater frailty, and reduced physiological
reserve, all of which impede timely discharge.

Outlier patients (n=8, LOS>60 days)
demonstrated a distinctive clinical profile: all were
aged =60 years, had CCI=3 (high comorbidity), CDR
2-3 (severe dementia), and BPSD present in all
cases. This cluster of risk factors represents a
subgroup with particularly complex care needs.

Based on these findings, the following
evidence-based recommendations are proposed for
high-risk patients (age>60 years, multiple
comorbidities, high CDR score, complex BPSD):

Individualized care plans incorporating CDR
score, CCIl burden, and BPSD profile should be
developed within 24—-48 hours of admission, with
clear discharge criteria defined prospectively. Weekly
or monthly Multidisciplinary Team (MDT) case
conferences involving psychiatrists, nurses, physio-
therapists, social workers, and pharmacists are
recommended to review care plans, monitor progress,
and anticipate barriers to discharge. Both pharma-
cological and non-pharmacological approaches to
BPSD management—including structured activities,
environmental modification, and sensory stimulation—
should be integrated into routine care protocols.
Structured family education regarding dementia
management, BPSD responses, and post-discharge
care is essential to facilitate timely and safe
discharge. As the most effective strategy, high-risk

patients should ideally be identified and managed

through outpatient clinics, community-based care
services, or early intervention programs before
hospitalization becomes necessary, as proactive
pre-admission management through community
health stations represents the most effective strategy
for reducing LOS and hospital burden.

The difference in OLS versus Robust Regression
performance in this study illustrates an important
methodological point: when data violate homosce-
dasticity and contain influential outliers—common
characteristics of clinical LOS distributions—standard
OLS should be considered when assumptions are
violated. The appropriate sequence is to verify
assumptions, and if violated, to proceed directly with
Robust Regression rather than reporting OLS as a
primary analysis.

Study limitations include the retrospective
single-site design using secondary data (medical
records), which restricted access to potentially
important predictors such as family support, social
circumstances, premorbid functional status, and
patient preferences. Purposive sampling limits
generalizability. Future research should employ
prospective multi-site designs incorporating a
broader range of clinical and psychosocial variables,
and explore machine learning approaches to

prediction of prolonged LOS.
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ABSTRACT

BACKGROUND: Identifying predictive factors for estimated glomerular filtration rate (eGFR) decline is
essential for enabling healthcare professionals to implement targeted strategies for delaying renal
deterioration and postponing dialysis initiation in chronic kidney disease (CKD) patients.

OBJECTIVE: To examine predictive factors for one-year eGFR change in pre-dialysis CKD patients.
METHODS: A descriptive predictive correlational study using multiple regression analysis was conducted
among 103 pre-dialysis CKD patients at the CKD Clinic, Samutprakan Hospital. Data were collected using
a personal and medical history record form, a CKD-specific health literacy scale, a health behavior motivation
scale, and a self-management behavior questionnaire. Descriptive statistics, Pearson's product-moment
correlation, and multiple regression analysis were employed.

RESULTS: Urine protein and total cholesterol were the only statistically significant predictors of one-year
eGFR change. The regression model was statistically significant (F=6.480, p<0.001), with urine protein
(,3=O.584, p=0.005) and total cholesterol (,8=0.273, p=0.008) collectively explaining 29.3% of the variance
in eGFR change (R?=0.293; adjusted R?=0.248), with higher levels of both being associated with greater
eGFR decline.

CONCLUSION: These findings suggest that proteinuria and total cholesterol may be clinically relevant targets
for monitoring in pre-dialysis CKD patients. Clinicians may consider integrating closer surveillance of these
parameters into routine care, pending confirmation by longitudinal studies.

KEYWORDS: cholesterol, glomerular filtration rate, kidney disease progression, proteinuria, chronic renal

insufficiency
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INTRODUCTION

Chronic Kidney Disease (CKD) is a significant
and growing public health concern worldwide. A Thai
epidemiological study of 2,205 participants found a
CKD prevalence of 26.8% across stages 1-5."
National data from the Ministry of Public Health’'s
Health Data Center further indicate that the majority of
CKD patients in Thailand are classified in Stage 3
(38.07—42.83%), with a continuous rise in patient
numbers correspondingly driving an increase in
end-stage renal disease (ESRD) cases.? These
epidemiological trends highlight the urgent need to
understand the factors driving CKD progression in
the Thai population.

CKD progression, however, varies considerably
across patient populations. A Thai cohort study
revealed that diabetic patients progressed from Stage
G3b to G4 significantly faster than non-diabetic
patients (median 6.3 versus 13.8 years), representing
a 49% increased risk of kidney failure.® Albuminuria
was additionally identified as a critical prognostic
factor associated with rapid estimated Glomerular
Filtration Rate (eGFR) decline across CKD Stages
G1-G4.° Because rates of renal function loss differ
substantially between individuals, identifying
modifiable and measurable predictors of eGFR
change is of considerable clinical importance for
guiding targeted intervention strategies.

This variability in CKD progression is evident
within the local Thai context. At Samutprakan
Hospital, a tertiary care facility with a dedicated
multidisciplinary CKD team, patients with high rates
of rapid eGFR decline exceeding 5 ml/min/1.73 m?
per year were observed in both the non-communicable
disease clinic (81.47%) and CKD clinic (23.86%) in
recent years, contributing to premature dialysis
initiation among pre-dialysis patients. CKD

progression follows several distinct trajectory

patterns, including persistently low eGFR, gradual
progressive loss, and accelerated eGFR decline,*®
with rapid decline associated with lower serum
albumin and potassium levels and elevated MCHC
and WBC.® The high burden of rapid eGFR decline
observed in this setting provides a compelling
rationale for investigating its predictors within this
specific patient population.

Among clinical predictors, urine protein has
been identified as the strongest predictor of eGFR
decline, particularly when proteinuria demonstrates
an increasing trend over time.® Additional traditional
risk factors include hypertension and metabolic
acidosis, while non-traditional factors encompass
novel biomarkers and comorbid conditions such as
congestive heart failure. Beyond clinical variables,
behavioral and cognitive factors may also influence
disease trajectory. Low health literacy has been
associated with CKD onset,” while higher literacy
predicts better quality of life and treatment
adherence.? Health behavior motivation, grounded in
self-determination theory, has demonstrated
effectiveness in improving clinical outcomes among
patients with kidney disease.’ Self-management
behaviors, although not always directly associated
with eGFR change, have been shown to reduce
proteinuria and blood pressure, thereby indirectly
slowing renal deterioration.’® Despite growing
evidence supporting the individual relevance of these
factors, few studies have examined these factors
together within an integrated predictive model,
leaving a gap in understanding their collective
contribution to eGFR change in pre-dialysis CKD
patients. While each of these clinical and behavioral
factors has been examined independently, their
combined predictive contribution within a single
integrated model remains underexplored in the

pre-dialysis CKD population, particularly in the Thai
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context. Therefore, this study aimed to examine
predictive factors for one-year eGFR change among
pre-dialysis CKD patients.
METHODS

Research Design

A descriptive predictive correlational study
design using multiple regression analysis was
employed in this study.
Population and Sample

The population consisted of patients
diagnosed with CKD stages 3 and 4 CKD from the
CKD clinic at Samutprakan Hospital. Purposive
sampling was used to recruit participants who met
the predefined eligibility criteria. The inclusion criteria
were: 1) age 18 years or older, 2) eGFR <60 ml/
min/1.73 m?, 3) continuous treatment with eGFR
measurements at least 4 times within one year
between 2024 and 2025, and 4) ability to communicate
in Thai. Exclusion criteria were: 1) CKD caused by
rapidly progressive glomerulonephritis, acute kidney
injury, 2) cognitive impairment or psychiatric
conditions that would interfere with self-management
ability, and 3) receiving renal replacement therapy.
The sample size was calculated using G*Power
version 3.1.9.4 with the F-test family, (X=0.05,
power=0.80, a medium effect size (2=0.15)."" Based
on the inclusion of seven independent variables (CKD
health literacy, self-management behavior, health
motivation, SBP, urine albumin, urine protein, and
cholesterol), the required sample size was determined
to be 103 participants. To account for an anticipated
attrition rate of 10%, the final target sample size was
set at 113 participants. Of the 113 individuals
approached based on the eligibility criteria, 103
consented to participate, yielding a response rate of
91.2% for this study.

Ethical Considerations and Research

Procedure

The study adhered to ethical principles and
received approval from the Institutional Review Board
(IRB) of Samutprakan Hospital (Approval No.
0g02867). Informed consent was obtained from all
participants after explaining the study's purpose,
procedures, and risks. Confidentiality was maintained,
and participation was voluntary. After receiving IRB
approval, the research team coordinated with clinic
heads to access patients. Eligible patients were
approached, provided with study details, and asked
for consent. Data collection was conducted from May
to December 2025. Participants were administered
the questionnaires, with each assessment session
lasting approximately two hours.

Research Instruments

1. Personal and lliness Data Record Form:
Collected demographic data and clinical information
from medical records.

2. CKD-specific Health Literacy Scale:
Developed by Wei et al.”? and translated into Thai
via back-translation, this 33-item multiple-choice tool
measures functional, communicative, and critical
health literacy. Items are scored 0 (incorrect) or 1
(correct), with total scores categorized as low (0-11),
moderate (12-22), or high (23-33) literacy. The
original version had a KR-20 reliability of 0.68.

3. Health Behavior Motivation Scale: Devel-

I.”® and translated into Thai,

oped by Poraj-Weder et a
this 30-item tool with a 5-point Likert scale (1=strong-
ly disagree to 5=strongly agree) measures five do-
mains: intrinsic regulation, integrated and identified
regulation, introjected regulation, external regulation,
and amotivation. Total scores range from 30-150,
categorized as low motivation (30-70), moderate
motivation (71-110), or high motivation (111-150).
Original Cronbach's (X coefficients ranged from 0.62
to 0.82.

4. Self-Management Behaviors Questionnaire:



Vol. 43 No.3 Jul.-Sep. 2026

281

J Prapokklao Hosp Clin Med Educat Center

Developed by He et al.™ and translated into Thai. This
29-item questionnaire uses a 5-point Likert scale to
assess six domains: treatment management, exercise
behaviors, diet behaviors, emotional management,
disease cognition, and self-management knowledge.
Total scores range from 29-145, categorized as low
self-management (29-67), moderate self-management
(68-106), or high self-management (107-145).
Instrument Quality Assessment

All instruments were assessed for content
validity by three experts, yielding ltem-Level Content
Validity Index (I-CVI) scores ranging from 0.67 to
1.00. The Scale-Level Content Validity Index (S-CVI)
was 0.98 for both health literacy and self-management
tools, and 0.95 for the motivation scale. The instruments
were pilot tested with 30 participants similar to the
study sample. The reliability coefficients were a KR-
20 of 0.61 for the health literacy scale and Cronbach's
alpha coefficients of 0.95 for the self-management
questionnaire and the motivation scale.
Data Analysis

Descriptive statistics were used to describe
personal data, clinical outcomes, and questionnaire
scores. Pearson Product-Moment Correlation was
employed to analyze the relationships between
independent variables and the change in eGFR. The
predictive factors were analyzed using a multiple
regression analysis. One-year eGFR change was
operationally defined as the arithmetic difference
between the baseline eGFR and the last follow-up
eGFR (eGFR change = baseline eGFR — last follow-
up eGFR), such that a positive value indicated a
decline in renal function and a negative value
indicated an improvement in renal function. All
statistical analyses were conducted using IBM SPSS
Statistics Version 29.0 (IBM Corp., Armonk, NY,
USA). Statistical significance was defined as a

two-tailed p-value<0.05.

RESULTS

Demographic Characteristics

The sample (n=103) was predominantly male
(67%) with an average age of 64.1 years (SD=10.1).
Most were married (69.9%), had a primary school
education (57.3%), and were unemployed (42.4%).
The average BMI was 25.7 kg/m? (SD=4.0), which is
classified as obese according to Asian-specific BMI
criteria (BMI=25 kg/m?), and the mean iliness duration
was 3.23 years (SD=6.4).
Clinical Outcomes
Renal Function

Mean eGFR was 32.311.4 ml/min/1.73m?,
with 55.3% in CKD Stage 4. Over one year, eGFR
patterns showed: increased (n=65, 63.1%),
decreased <5 ml/min/1.73m?year (n=21, 20.4%), and
rapid decrease >5 ml/min/1.73m?/year (n=17, 16.5%).
Mean annual eGFR change was +1.5+6.7 ml/
min/1.73m? (range:—16.7 to 19.9), calculated as
baseline eGFR minus last follow-up eGFR (eGFR
change = baseline—last follow-up); a positive value
indicates a decline and a negative value indicates an
improvement in renal function. Other renal markers
were abnormal: serum creatinine 2.39+0.86 mg/dL,
BUN 29.9+10.6 mg/dL, urine albumin 793.0+1160.2
mg/day, and urine protein 128.6+160.4 mg/day.
Clinical and Metabolic Parameters

Mean values revealed elevated systolic BP
(138.0+£19.3 mmHg), normal diastolic BP (73.0+11.4
mmHg), slightly elevated fasting glucose (108.7+43.8
mg/dL) with good HbA1c (6.3£0.9%), mild anemia
(Hb 11.1+£2.3 g/dL, Hct 35.1+6.8%), normal calcium
(9.3+2.7 mg/dL), elevated phosphate (3.5+0.75 mg/
dL), adequate nutrition (albumin 4.5+3.8, protein
7.9+3.9 g/dL), and slightly elevated LDL (104.4+35.6
mg/dL).

CKD Literacy, Motivation for Health

Behaviors, and Self-Management Behaviors
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CKD Literacy: The total mean score was
23.346.1, indicating a high level. Motivation for Health
Behaviors: The mean score was 110.9+18.7, falling
within a moderate level. Self-Management Behaviors:
The total mean score was 120.4+23.7, indicating a
high level.

Correlations with Change in eGFR

Table 1 shows significant positive correlations

between 1-year eGFR change and self-management
(r=0.241, p<0.05), systolic BP (r=0.201, p<0.05), urine
albumin (r=0.231, p<0.05), cholesterol (r=0.292,
p<0.01), and urine protein (r=0.380, p<0.001).
However, CKD health literacy (r=0.017) and health
behavior motivation (r=0.067) were not significantly

correlated.

Table 1 Pearson Product-Moment Correlation Coefficients between Independent Variables and the one-year Change in eGFR

Factors Y X1 X2 X3 X4 X5 X6 X7
Change in eGFR Y 1
CKD health literacy X1 0.017 1
Self-management behaviors X2 0.241* 0.177 1
Health behavior motivation X3 0.067 0.076 0.196* 1
Systolic blood pressure X4 0.201* -0.149 -0.157 -0.015 1
Urine albumin X5  0.231* -0.188 -0.120  -0.143  0.390*** 1
Urine protein X6  0.380***  -0.377*** -0.061 -0.078  -0.341***  (0.882*** 1
Total cholesterol X7 0.292** -0.098 0.035 -0.001 0.281** 0.214* 0.196 1

*p<.05, **p<.01, ***p<.001

Multiple Regression Analysis

All six assumptions of multiple regression
analysis were satisfied, including linearity, normal
distribution of residuals, and absence of a
funnel-shaped pattern in the residual plot. Although
urine protein and urine albumin were intercorrelated,
VIF and tolerance values ranging from 4.58 to 4.79
and 0.21 — 0.22 respectively, confirmed no multicol-
linearity problem. Using the Enter method, five of the
seven independent variables that demonstrated

statistically significant correlations in the Pearson
product-moment correlation analysis were entered
simultaneously into the multiple regression equation.
The overall model was statistically significant (F=6.480,
p<0.001, R2=0.293, adjusted R?=0.248), explaining
29.3% of the variance in one-year eGFR change. As
shown in Table 2, urine protein (,8=0.584, p=0.005)
and total cholesterol (,3 =0.273, p=0.008) were the only
statistically significant predictors, with higher levels of
each associated with greater eGFR decline.

Table 2 Multiple regression analysis of factors predicting one-year eGFR change (n=103)

95% CI

Model Variables b Upper Lower 15 t Sig.
1 Constant -19.491 -36.566 -2.415 -2.272 0.026
Self-management 2.441 -0.150 5.032 0.191 1.875 0.06
Systolic blood pressure 0.011 -0.063 0.084 0.032 0.285 0.78
Urine albumin -0.001 -0.004 0.001 -0.213 -1.023 0.31
Urine protein 0.023 0.007 0.040 0.584 2.867* 0.005
Total cholesterol 0.043 0.001 0.074 0.273 2.720** 0.008

R=0.542 R’=0.293 F=6.480***

SE,=5.76656 Rzadj:0.248 Sig=<0.001
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DISCUSSION

Among the seven independent variables
examined, five demonstrated statistically significant
correlations with eGFR change. Urine protein showed
the strongest correlation (r=0.380, p<0.001),
consistent with evidence that proteinuria accelerates
eGFR decline through tubular epithelial injury,
interstitial inflammation, and progressive fibrosis,
collectively driving nephron loss.'"® This aligns with
KDIGO 2024 guidelines, which incorporate proteinu-
ria alongside eGFR in dual-axis risk stratification.'
Urine albumin also showed a significant positive
correlation (r=0.231, p<0.05), reflecting its role as an
established marker of glomerular damage.'® Notably,
both variables were highly intercorrelated (r=0.882,
p<0.001), as expected given their shared origin in
glomerular protein leakage, although total proteinuria
may additionally capture tubular dysfunction
indicative of more advanced structural damage.'"®

Despite their high intercorrelation (r=0.882),
urine albumin and urine protein exhibited opposite
regression coefficients in the multiple regression
model (3=—0.213 and [3=+0.584, respectively). This
apparent discrepancy is a classic manifestation of a
suppression effect in the context of multicollinearity.
When two predictors are highly correlated, their
individual regression coefficients can become
unstable and their signs may be distorted or reversed,
a phenomenon known as statistical suppression.
Although the variance inflation factor (VIF=4.58—4.79)
remained below the conventional threshold of 10, the
high bivariate correlation between the two markers
may still induce coefficient instability when both are
simultaneously entered into the model. The negative
coefficient for urine albumin does not imply that
lower albuminuria is independently associated with
greater eGFR decline; rather, it reflects an algebraic

adjustment made by the model when accounting for

the shared variance with urine protein. Urine protein,
which captures not only glomerular but also tubular
protein loss, emerged as the stronger and more
independent predictor. It is also worth noting that a
net positive eGFR change score over the one-year
observation period (mean annual eGFR change
=+1.546.7 ml/min/1.73m?), indicating that the
participants experienced a decline in renal function.
This is consistent with the finding that higher
proteinuria and cholesterol were associated with
greater eGFR decline.® Future studies should
consider including only one urinary protein marker
per model, or applying dimension-reduction
approaches such as principle component analysis,
to address the collinearity between these closely
related variables.

Total cholesterol demonstrated a significant
positive correlation with eGFR decline (r=0.292,
p<0.01), supporting evidence that dyslipidemia
contributes to CKD progression through lipid-induced
tubular injury and inflammatory pathways."”"®
Systolic blood pressure also showed a significant
correlation (r=0.201, p<0.05), consistent with the
established role of hypertension in accelerating renal
function loss.®

In contrast, CKD health literacy (r=0.017,
p>0.05) and health behavior motivation (r=0.067,
p>0.05) were not significantly correlated with eGFR
change. The absence of significant correlations for
these variables in this study does not preclude their
relevance; rather, it suggests that their effects may
operate over a longer time horizon or through
pathways not captured within a one-year observational
window.”®" Self-management behaviors showed a
borderline significant correlation (r=0.241, p<0.05),
indicating a modest contribution to preserving renal
function."® " These findings support further multivariate

examination of urine protein, urine albumin, total
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cholesterol, and systolic blood pressure as clinically
relevant predictors.

The overall regression model was statistically
significant (F=6.480, p<0.001), explaining 29.3% of
the variance in one-year eGFR change (R?=0.293;
adjusted R?=0.248), with an adjusted R? of 0.248
accounting for the number of predictors in the
model. This level of explained variance is moderate;
the remaining unexplained variance likely reflects the
influence of additional biological, behavioral, and
environmental factors not captured within the scope
of this study.>*

Urine protein emerged as the strongest inde-
pendent predictor of eGFR decline (ﬂ=0.584,
p=0.005), with higher proteinuria levels associated
with greater eGFR loss over one year. This finding
is consistent with a substantial body of evidence
establishing proteinuria as the most potent independent
predictor of CKD progression.*®'® Both higher baseline
proteinuria and increasing proteinuria over time have
been consistently shown to correlate with faster eGFR
decline across CKD stages.®"®

Total cholesterol was the second statistically
significant predictor in the model (ﬁ=0.273, p=0.008),
with higher cholesterol levels independently associated
with greater eGFR decline. This finding is supported

|.17

by Lyu etal.”’, who demonstrated significant associations
between multiple lipid profile parameters and CKD
progression in a prospective cohort, with triglycerides
(TG), the total cholesterol-to-HDL-C ratio (TC/HDL-C),
and the TG/HDL-C ratio showing the strongest risk
associations. The mechanistic link between
dyslipidemia and CKD progression is well established.
CKD itself creates a chronic inflammatory state that
disrupts lipid metabolism, resulting in a characteristic
dyslipidemic profile marked by elevated triglyceride
levels, reduced high-density lipoprotein (HDL)

cholesterol, and an accumulation of atherogenic

lipoprotein particles."® This dyslipidemia perpetuates
renal injury through lipid deposition in glomerular and
tubulointerstitial compartments, oxidative stress,
endothelial dysfunction, and acceleration of
glomerulosclerosis, collectively contributing to
further deterioration of kidney function and CKD
progression.”"'® The bidirectional relationship
between dyslipidemia and CKD therefore creates a
self-reinforcing cycle of metabolic and renal
deterioration that warrants targeted lipid-lowering
intervention as part of comprehensive CKD
management.'’"®

Although self-management behaviors
demonstrated a statistically significant correlation with
one-year eGFR change (r=0.241, p<0.05), this
variable did not emerge as a significant predictor in
the multiple regression model. The mechanism
underlying this discrepancy could not be determined
from the present study design and warrants
examination in future longitudinal research.'®' This
pattern is consistent with findings from previous studies,
which similarly reported that self-management
behaviors did not independently predict renal function
outcomes in the short term, despite showing bivariate
associations.'" ™

This study contributes to the limited evidence
base on predictors of eGFR change in pre-dialysis
CKD patients by simultaneously examining both
clinical markers (proteinuria, dyslipidemia, blood
pressure) and behavioral/cognitive factors (health
literacy, self-management, motivation) within a single
integrated predictive model, offering a more
comprehensive perspective on the multidimensional
nature of renal function decline in this population.

This study had several limitations. The
cross-sectional design restricted causal inference by
capturing predictors at a single time point. Although

the sample size was statistically adequate,
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generalizability remains limited by the restricted
demographic diversity and geographically specific
recruitment setting. Future studies should employ
larger, more diverse samples with longitudinal
designs and follow-up periods of at least two to three
years to clarify the indirect pathways of health
literacy and health behavior motivation on eGFR
outcomes across CKD subgroups. Additionally, the
low KR-20 coefficient of the health literacy instrument
reflects its inherent multidimensionality across
conceptually distinct domains. Computing domain-
specific KR-20 values for each subscale independently
would yield more psychometrically defensible reliability
estimates than a single composite coefficient.
Conclusions and Recommendations

Urine protein and total cholesterol were
identified as significant independent predictors of
one-year eGFR change in pre-dialysis CKD patients,

explaining approximately 29% of the variance in renal

function trajectory. These findings suggest that
elevated proteinuria and dyslipidemia may be clinically
relevant monitoring targets in the pre-dialysis setting.
Clinicians may consider integrating closer surveillance
of urinary protein and lipid profiles into routine CKD
care. However, given the cross-sectional and single-
centre nature of this study, these associations should
be interpreted cautiously and require confirmation
through larger, longitudinal, multi-centre investiga-
tions before informing clinical guidelines.
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ABSTRACT

BACKGROUND: The drug problem is a serious issue in every country around the world. Drug use among
people 15-64 years has increased by 26%. Therefore, community-based rehabilitation for drug users is
crucial.

OBJECTIVES: To study the issues, develop a model, and evaluate the effectiveness of a community-based
drug user care model in Chanthaburi Province.

METHODS: Research and development, analyzing the appropriateness and feasibility of the model, mean,
and standard deviation, analyzing issues in drug user care in the community, using the model before and
after receiving the Chanthaburi CBTx Model with the Wilcoxon Signed Ranks Test, setting the statistical
significance level at 0.001.

RESULTS: The Chanthaburi CBTx model. Experimental results over a 4-week period showed significant
improvements in risk behaviors related to substance use, family involvement, and continuity of care after
using the model compared with the baseline (p<.001). The Chanthaburi CBTx Model is highly suitable and
feasible for implementation (Mean=4.6, SD=0.4)

CONCLUSIONS: The Chanthaburi CBTx Model can be applied in Chanthaburi Province and has led to
changes at the individual, family, and community levels, particularly by reducing risky behaviors, preventing
relapse into substance use, and improving the sustainability of continuity of care.

KEYWORDS: CBTXx, care, drug user, community.
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Figure 2 Community-Based Substance Use Care Model, Chanthaburi Province. Chanthaburi CBTx. Model
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miguagtheldmaandalasldgumudugm Swmia

Table 1 Comparison of Problem Scores in the Care of Drug Users in the Community and the Use of a Community-Based
Care Model for Drug Users in Chanthaburi Province before and after Receiving the Program. (n=30)

The care of drug users in the

p-value
Min Max Mdn IQR 4
community before and after (1-tailed)
Before 27 50 39 13
-4.784 <.001
After 13 27 18 4.25
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riowld3u3Uuny Chanthaburi CBTx Model f¢in
U830 WAy 39.0 nowndvldsuzduuyy dn
iroguananilu 18.0 uszilonaseuiiiaFouioy
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aad

WHRIAYNIIFDAN p<.001 (Table 1)

Table 2 Comparison the Use of a Community-Based Care Model for Drug Users in Chanthaburi Province before and after

Receiving the Program. (n=30)

The use of a community-based

p-value
care model for drug users before Min Max Mdn IQR 4
(1-tailed)
and after
Before 15 24 17.0 2
-4.787 <.001
After 50 59 54.5 4.25
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Chanthaburi CBTx Model #5831 ¥inAy 17.0
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sznivneuuaznadiaiugduuuy lagld Wilcoxon

Signed Ranks Test Wu11 Namﬂﬁgmmumnmh
1 v ] a o Qs QQ‘SI
ﬂaumﬂmEﬂLmU% 281N UBEIAYNIFDEN p<.001
(Table 2)

Table 3 The Appropriateness and Feasibility of the Chanthaburi CBTx Model. (n=30)

The appropriateness and feasibility of the community-based drug user

care model in Chanthaburi Province: Mean SD Interpret
Chanthaburi CBTx Model
Dimension 1: Appropriateness of the Elements 4.5 0.4 Most
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Total 4.6 0.4 Most
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ORIGINAL ARTICLE
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ABSTRACT

BACKGROUND: Nowadays management of patients with thoracolumbar burst fracture who have the
Thoracolumbar Injury Classification and Severity (TLICS) score equal to 4 are still controversial.
OBJECTIVE: To determine the outcome of patients who undergo surgical intervention and conservative
management.

METHODS: Retrospective study was designed, and fifty patients who had thoracolumbar burst fracture and
a TLICS score of 4 between 2023-2025 at Phrapokklao hospital were enrolled. The surgical and non-
surgical groups were assigned. The data was collected via previous medical records. Demographic data,
time to return to work, visual analog scale (VAS), Cobb angle and anterior vertebral body height loss were
all collected. The data was analyzed by multivariable Gaussian linear regression.

RESULTS: The majority of participants were female (56%). The mean age of the patients was 50.7 years
old. The most common level of injury was L1 (58%) and the main cause was from falling from heights (74%).
The surgical group showed clinical outcomes demonstrating a significant reduction in time to return to work,
with an adjusted mean difference of —18.84 days (95% Cl: —35.37 to —2.32, p=0.027). A significant
reduction in the Cobb angle was also observed, with an adjusted mean difference of —10.67 (95% CI:
—14.64 to —6.70, p<0.001). Similarly, anterior height loss was significantly reduced with an adjusted mean
difference of —23.16 (95% CI: —29.50 to —16.81, p<0.001). In contrast, there was no statistically significant
difference in pain scores at 3 months, as measured by the Visual Analogue Scale (adjusted mean difference
= —0.51, 95% CI: —1.66 to 0.63, p=0.369).

CONCLUSION: Surgical management for thoracolumbar burst fracture with a TLIC score equal to 4
resulted in better time to return to work and improve the Cobb angle and anterior vertebral body height loss
within a 3-month period of the injury.

KEYWORDS: thoracolumbar burst fracture, burst fracture, kyphosis, neurological deficit, pedicle screws

Thaiclinicaltrials.org number, TCTR20260316006
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INTRODUCTION

Thoracolumbar burst fractures are a common
spinal injury, representing 21% to 58% of all fractures
at the thoracolumbar junction. Among patients with
this type of fracture, 30% to 50% are found to be
neurologically intact, meaning they have no nerve
damage’. Most cases are caused by falling from
heights or high-energy traffic accidents?.

In Chanthaburi Province, a large portion of the
population works in agriculture. According to the 2025
Labor Force Survey (Quarter 4), there are 377,650
workers in the province, and 147,538 of them (39%)
work in agriculture and forestry®. This career field is
highly related to the occurrence of thoracolumbar
burst fractures due to the nature of the work. In the
present, the data about the incidence of fracture in
Chanthaburi was limited.

Nowadays, medical professionals still debate
whether the best treatment for these fractures is
surgery or conservative (non-surgical) treatment®®.
Surgical intervention is recommended for patients
with a Thoracolumbar Injury Classification and Severity
Scale (TLICS) score greater than 4, whereas
conservative management is advised for those with
a score below 4. The most controversial cases are
those with a TLICS score of 4*°. To compare the two
treatment methods, researchers generally look at
clinical outcomes (how the patient feels) and
radiologic outcomes (what the plain radiographs
show)*™°.

This study was conducted to compare the
outcomes of surgical and non-surgical treatment
for patients who have a Thoracolumbar Injury
Classification and Severity (TLICS) score equal to 4.
The study focuses on the time taken to return to work,
pain levels using the Visual Analog Scale (VAS), and

results from radiologic follow-up.

METHODS
Study design and participants

This study is a retrospective study performed
in Phrapokklao Hospital, a tertiary care center in
Eastern Thailand.

A total of 50 patients who had thoracolumbar
burst fracture and a TLICS score of 4 between 2023-
2025 at Phrapokklao hospital were enrolled in this
study.

This study was approved by the Chanthaburi
Research Ethics Committee/Region 6, in compliance
with approval document COA. No. 068/68.

Sample size calculation

The sample size was calculated to evaluate
the efficacy of percutaneous pedicular screw fixation
in patients with unstable burst fractures. Based on
prior data, the mean time to return to work in the
conservative management group was 71.0+28.6
days, while the percutaneous pedicular screw fixation
group was expected to have a mean of 50.3+26.7
days. A one-sided hypothesis test was used, with a
significance level ((X) of 0.05 and a statistical power
of 0.80. Assuming equal allocation between groups
(1:1 ratio), the required sample size was calculated
using Stata. The minimum sample size was 23
patients per group. Twenty-five patients were enrolled
in each treatment choice in this study.

Inclusion and Exclusion criteria

The inclusion criteria for participants in this
study were patients aged older than 18 years with
a single level thoracolumbar burst fracture, a
Thoracolumbar Injury Classification and Severity
(TLICS) score equal to 4, with the fracture being
caused by a high energy mechanism and the duration
of follow up was greater than 3 months

The exclusion criteria were patients who had
multiple levels thoracolumbar burst fracture, prior

thoracolumbar surgery, presence of neurological
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deficit and multiple traumatic patients.
Surgical intervention

The surgical intervention for participants who
had thoracolumbar burst fracture was performed
by minimally invasive surgery (MIS) technique.
Percutaneous pedicular screw methods were
conducted; the length of fixation was based on the
McCormack load sharing classification system.
Conservative intervention

The nonoperative intervention for participants
who had thoracolumbar burst fracture was the use
of the Knight Taylor brace (Thoracolumbosacral
orthosis). The period of wearing this orthosis was
three months and the ambulation was permitted after
the pain relief.
Data collection

Participants were categorized into two groups:
those who underwent operative treatment and those
who received conservative treatment with a
thoracolumbosacral orthosis support. After identifying
participants, the data was collected via medical
history record in intrahospital and outpatients record.

The variables recorded included sex, age,
level of injury, etiology of injury, choice of treatment,
time to return to work, treatment complications, initial
pain score, initial Cobb angle, initial anterior vertebral
body height loss, pain score after 3 months, Cobb
angle after 3 months, and anterior vertebral body
height loss after 3 months. The pain score was
assessed by assigning a VAS score.
Statistical analysis

Descriptive statistics were used to summarize
baseline characteristics. Continuous variables were
presented as mean * standard deviation (SD), while
categorical variables were expressed as frequency
and percentage. Comparisons between groups were
performed using the independent t-test for continuous

variables and the exact probability test for categorical

variables, as appropriate.

The primary research question, a multivariable
Gaussian linear regression model was applied to
evaluate the effect of treatment on outcomes while
adjusting for potential confounders. The covariates
included baseline pain score (VASO0), age, sex (male),
level of injury (T11), cause of injury (motorcycle
accident), initial Cobb angle, and initial anterior
vertebral height loss.

The results of the regression analyses were
reported as adjusted mean differences with 95%
confidence intervals (95% CI) and corresponding
p-values. A two-sided p-value of <0.05 was
considered statistically significant. All statistical
analyses were performed using Stata.

RESULTS
Demographic data

The majority of the participants were female
accounting for 28 out of 50 patients (56%). The mean
age of the group was 50.1 years old and 51.3 years
old in the surgical and conservative groups,
respectively. The vertebral body of lumbar level one
was the area that fractured mostly occurred (52%
in surgical group and 64% in conservative group)
in thoracolumbar burst fracture and the main causes
of the fracture was from falling from heights (74%)
and motorcycle accidents (26%). At the baseline, the
visual analog scale (VAS) scores for the surgical and
conservative groups were 7.88 and 8.44, respectively.
The initial Cobb angles measured 14.32° in the
surgical cohort and 15.00° in the conservative cohort.
Additionally, anterior vertebral height loss was
recorded at 25.0% and 25.9% for the surgical and
conservative groups, respectively. All baseline
characteristics was insignificantly difference when
compared by independent t-test.

Clinical outcomes

Patients with thoracolumbar burst fracture who
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had TLICS score equal to 4 and decided to take a
percutaneous pedicular screw fixation had an earlier
recovery rate (time to return to work 50.28 days

compared to 71.0 days in conservative group,

p=0.011). The degree of pain described by Visual
Analog Scale (VAS) showed indifference between
both groups. No treatment complications were found

in this study.

Table 1 Baseline Characteristics of Unstable Burst Fracture Patients.

Surgical Management Conservative p-value
Baseline characteristics (n=25) Management (n=25)
n (%) n (%)
Gender
Male 11.0 (44.0) 11.0 (44.0) 1.00
Female 14.0 (56.0) 14.0 (56.0)
Age (years), meantSD 50.1+13.6 51.3+14.0 0.76
Level of injury
T11 1.0 (4.0) 1.0 (4.0) 0.22
T12 5.0 (20.0) 7.0 (28.0)
L1 13.0 (52.0) 16.0 (64.0)
L2 6.0 (24.0) 1.0 (4.0)
Cause of injury
Falling 17.0 (68.0) 20.0 (80.0) 0.52
Motorcycle accident 8.0 (32.0) 5.0 (20.0)
VAS score at initial, mean+SD 7.912.0 8.4+1.3 0.24
Cobb angle at initial (degrees), mean+SD 14.315.8 15.045.3 0.66
Anterior height loss at initial (%), mean+SD 25.0£13.9 25.9+12.4 0.79

Treatment complications

Radiologic outcomes

The surgical cohort demonstrated an
improvement in the Cobb angle, which decreased
from an initial 14.3° to 8.9° at follow-up. Conversely,
the conservative group experienced a significant
progression of deformity, with the Cobb angle increasing
from 15.0° to 20.3°. Similarly, anterior vertebral height
loss improved in the surgical group (reducing from
25.0% to 19.0%) but continued to worsen in the
conservative group (increasing from 25.9% to 41.3%).
The differences between the two groups for both
parameters were highly statistically significant

(p<0.001).

Multivariable Gaussian Regression was
adjusted by VASO, gender (male), age, level of
injury (T11), cause of injury (motorcycle accident),
Cobb angle at initial, and anterior height loss at initial
time of injury.

A total of 50 patients with unstable burst
fractures were included in the study. Clinical and
radiological outcomes were analyzed using a
multivariable Gaussian regression model, adjusting
for confounding variables including age, sex,
diagnosis, mechanism of injury, baseline visual
analog scale (VAS) score, initial Cobb angle, and

baseline anterior height loss.
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Table 2 Crude Effect in Clinical and Radiological Outcome of Unstable Burst Fracture Patients.
Surgical Management Conservative p-value
Baseline Characteristics (n=25) Management (n=25)
Meanx=SD MeanxSD
Time to Return to Work (days) 50.3+26.7 71.0+£28.6 0.011
Visual Analogue Scale (VAS)
Initial 7.9+£2.0 8.4+1.3 0.24
3 months 3.5+2.1 3.8x1.5 0.64
Mean difference (VAS; ., — VAS, i) -4.412.5 -4.7+2.1 0.62
Cobb angle (degrees)
Initial 14.3+5.8 15.0+5.3 0.66
3 months 8.9+6.6 20.346.9 <0.001
Mean difference (Cobb; ,,, — Cobb, ) -5.447.3 1.246.1 <0.001
Anterior Height Loss (AHL) (%)
Initial 25.0£13.9 2591124 0.79
3 months 19.0£11.5 41.2+15.1 <0.001
Mean difference (AHL; .o — AHL ia) -6.0£11.7 15.4+11.9 <0.001
Table 3 Adjusted Effect in Clinical and Radiological Outcome of Unstable Burst Fracture Patients
Parameters Adjusted mean difference 95% CI p-value
Clinical Outcome
Time to return to work (days) -18.8 (-35.37 to -2.31) 0.027
VAS score at 3 months -0.5 (-1.66 to 0.63) 0.37
Radiologic outcomes
Cobb angle at 3 months -10.7 (-14.64 to -6.70) <0.001
Anterior height loss at 3 months -23.2 (-29.50 to -16.81) <0.001

The analysis demonstrated significant
improvements in several key parameters. Time to
return to work was significantly reduced, yielding an
adjusted mean difference of —18.84 days (95% ClI:
—35.37 to —2.32, p=0.027). Radiologically, both the
Cobb angle and anterior height loss saw significant
reductions, with adjusted mean differences of -10.7
(95% CI: -14.64 to -6.70, p<0.001) and -23.2 (95%
Cl: -29.50 to -16.81, p<0.001), respectively.
However, the difference in VAS pain scores at the
3-month follow-up was not statistically significant
(adjusted mean difference = -0.5, 95% CI: -1.66 to
0.63, p=0.37).

DISCUSSION

The result from this retrospective study
showed that at the 3-month period of follow-up in
patients with thoracolumbar burst fracture who have
TLICS score equal to four, patients who undergo a
surgery have better clinical outcomes and radiologic
outcomes compared to conservative groups.
Pedicular screw fixation enhances the stability of the
fracture leading to faster recovery rate and rapidly
return to work. Also, the fixation can significantly
improve the radiological outcomes of the thoracolumbar
burst fracture patients resulting in further decrease

spinal malalignment and further kyphosis.
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The outcome of this study had contrary results
with the previous two similar studies. The study by
Kirkham et al. in 2015 determined that the patients
who were treated nonoperatively had less pain and
better functional outcome within a 22-year period of
follow up®. Andrew et al. in 2018 also conducted the
research comparing surgical and nonsurgical groups
in patients with thoracolumbar burst fracture who had
a TLICS score equal to four, the result showed no
difference in clinical and radiologic outcomes in a
6-month period of follow up®.

The predominant factors that brought about
diverse outcomes with the previous study was the
minimally invasive technique for pedicular screw
fixation. The percutaneous procedure results in
lesser blood loss, shorter length of hospital stay and
postoperative pain'. Short segment fixation also
showed non-inferiority compared with long segment
fixation™".

Our research introduced a new perception
about the treatment of thoracolumbar burst fracture.
The surgical intervention can result in shorter time
to return to work and improve in Cobb angle and
anterior vertebral body height loss in plain
radiographic film. Current trend of treatment can be
counselling to the patients for appropriate treatment
based on patients’ unique backgrounds and occupation.

The limitation of our study is the period of
follow up. Longer periods of documentation would
result in more obvious outcomes between groups
and more precise for the clinical and radiographic
data. Further research may find the correlation
between patient demographic data and each
specific consequence of the results.

This study has several strengths. First, a
multivariable regression approach was employed to
adjust for potential confounders, thereby improving

the validity of the estimated treatment effects.

Second, clinically relevant covariates, including
radiographic parameters and injury characteristics,
were incorporated into the analysis. Third, the study
evaluated a functional outcome—time to return to
work—which is highly relevant to real-world clinical
practice and patient-centered care.

Post hoc power analysis demonstrated very
high statistical power for time to return to work, Cobb
angle, and anterior height loss (power = 0.999, 1.000,
and 1.000, respectively), indicating that the study was
adequately powered to detect meaningful differences
in these outcomes. In contrast, the analysis of VAS
showed low statistical power (power=0.170),
suggesting that the study may have been underpowered
to detect a significant difference in pain outcomes.
Therefore, the non-significant findings for VAS should
be interpreted with caution, and future studies should
ensure adequate power to evaluate pain-related
outcomes.

This study was designed as a retrospective
therapeutic study, which is inherently subject to
selection bias due to the non-randomized allocation
of treatment based on clinical judgment. In addition,
confounding is an important concern in observational
research. Although we adjusted for measured
confounders using multivariable Gaussian
regression—including baseline VAS, age, sex,
diagnosis, mechanism of injury, baseline Cobb angle,
and anterior vertebral height loss—residual confounding
from unmeasured variables may still exist. Future
studies with larger sample sizes may benefit from
the use of propensity score methods to further reduce
confounding bias or future prospective therapeutic
studies are warranted to minimize selection bias,
ensure comparability in treatment allocation, and
allow for more rigorous and unbiased evaluation of
clinical outcomes.

Information bias is another potential limitation,
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as retrospective data collection may be incomplete
or inaccurately recorded, leading to misclassification
of exposures or outcomes. To mitigate this issue, we
utilized data from reliable sources, such as
electronic medical records and radiographic reports,
and applied clearly defined criteria for all study
variables.

Finally, missing data may have introduced bias
despite efforts to handle incomplete records. To

address this, we applied predefined inclusion and

exclusion criteria to ensure the quality and completeness
of the data used in the analysis.

Conclusion: Surgical management for thora-
columbar burst fracture which TLIC score equal to 4
resulted in improved time to return to work and im-
prove in Cobb angle and vertebral body height loss

within a 3-month period after the injury.

CONFLICTS OF INTEREST: None

FUNDING: Department of Orthopaedics Surgery, Phrapokklao
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ABSTRACT

BACKGROUND: Mental health and substance use disorders represent significant public health concerns.
Revisits to the emergency department among psychiatric patients with substance use disorders may indicate
gaps in the continuity of care, as well as inadequate risk factor management, which can lead to increased
burdens on patients, families, and on the healthcare system itself.

OBJECTIVE: To identify the factors associated with emergency department revisits among psychiatric
patients with substance use disorders.

METHODS: A retrospective cross-sectional study was conducted using the data from 60 medical records of
psychiatric patients with substance use disorders, who had presented at the emergency department. The
data was collected from March 2024 to February 2025 using a structured record form, which had been
developed for this study and which had a content validity index of 0.89. Descriptive statistics were used to
summarize the data. Multiple logistic regression analysis was used to identify the factors that had been
associated with the emergency department revisits. The magnitude of association was expressed as
adjusted odds ratios (AORs) and 95% confidence intervals (95% Cls).

RESULTS: The findings indicated that being of the female gender (AOR=4.82, 95% CI=1.45-16.03, p=0.011),
having had prior emergency department visits within the past 12 months (AOR=7.26, 95% CI=1.38-38.21,
p=0.019), not adhering to the medication guidelines (AOR=9.84, 95% CI|=2.12-45.67, p=0.003), and being
absent from post-discharge follow-up care (AOR=11.53, 95% CI=2.18-61.02, p=0.004) had all been
significantly associated with emergency department revisits.

CONCLUSIONS: The factors, which were associated with emergency department revisits among psychiat-
ric patients with substance use disorders, were as follows: 1) being of the Female gender, 2) having had
prior emergency department visits within the past 12 months, 3) not adhering to the medication guidelines,
and 4) being absent from post-discharge follow-up care.

KEYWORDS: revisits, psychiatric patients, emergency department, drug abuse

Thaiclinicaltrials.org number, TCTR20260420009
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Independent Variables

Patient factors
1. Age
2. Gender

3. Occupation

4. Healthcare Coverage

Clinical factors
1. Type of psychiatric disorder or
substance abuse

2. Underlying

Dependent Variable

3. Use of psychiatric medications
4. History of treatment in a mental

health system

Service system factors
1. Number of service visits

2. Continuity of care

3. Availability of a primary caregiver
4. Referrals
5. Duration of follow-up after

discharge from the hospital

Figure 1 Conceptual Framework of the Study
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(p-value<0.05) (Table 1)

Table 1 Bivariate Analysis of Factors Associated with 30-Day Revisits (n=60)

30-Day Revisits

Factor Revisits (n=19) No Revisits (n=41) p-value
n (%) n (%)
Sex 0.017%
Male 9 (21.95) 32 (78.05)
Female 10 (52.63) 9 (47.37)
Age 0.759"
<35 years 11 (33.33) 22 (66.67)
>35 years 8 (29.63) 19 (70.37)
Healthcare Coverage 0.884"
Universal Coverage 13 (35.14) 24 (64.86)
Social Security 4 (26.67) 11 (73.33)
Government Officer Benefit 1 (20.00) 4 (80.00)
Other 1(33.33) 2 (66.67)
Occupation 0.842"
Hired/Daily Wage Worker 9 (36.00) 16 (64.00)
Unemployed 6 (37.50) 10 (62.50)
Farmer 3 (25.00) 9 (75.00)
Student 1 (25.00) 3 (75.00)
Other 0 (0.00) 3 (100.00)
Diagnosis 0.566"
Both psychiatric disorder and substance use
11 (37.93) 18 (62.07)
disorder
Substance use disorder only 5 (23.81) 16 (76.19)
Psychiatric disorder only 3 (30.00) 7 (70.00)
Underlying 0.552"
None 14 (29.79) 33 (70.21)
Present 5 (38.46) 8 (61.54)
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Table 1 Bivariate Analysis of Factors Associated with 30-Day Revisits (n=60) (continue)

Factor

30-Day Revisits

Revisits (n=19) No Revisits (n=41) p-value
n (%) n (%)
Prior emergency department visits within the past N
12 months 0.007
Never 2 (9.52) 19 (90.48)
Yes 17 (43.59) 22 (56.41)
Medication 0.281%
Receiving psychiatric medication 13 (37.14) 22 (62.86)
Not receiving medication 6 (24.00) 19 (76.00)
Medication non-adherence 0.001*
Yes 15 (57.69) 11 (42.31)
No 3(13.64) 19 (86.36)
Unknown 1(8.33) 11 (91.67)
Accompanied by Caregiver/Relative 0.419"
Yes 9 (27.27) 24 (72.73)
No 10 (37.04) 17 (62.96)
Previously Scheduled for Psychiatric Clinic X
0.474
Follow-up
Yes 12 (38.71) 19 (61.29)
No 5 (25.00) 15 (75.00)
Uncertain 2 (22.22) 7 (77.78)
Absence of post-discharge follow-up 0.003"
Yes 2 (9.52) 19 (90.48)
No 15 (53.57) 13 (46.43)
Unknown 2 (18.18) 9 (81.82)

X= Chi-square test, " = Fisher's exact test
a & o Aa e o o

NAN1IILAIIZRTITNTAMNTUANBENUNT
ﬂé'um%fuu%mssﬁﬂugﬂaﬂ%mmmil,awamﬁl,l,wuﬂ
anidu laon33ased Multiple logistic regression
WU twandy Slamanauuniuusnssnislu 30
T 10u 4.82 winllaieuiuineaneg (AOR=4.82,
95% Cl=1.45-16.03, p-value=0.011) N13LALNITU

a ISI v a = v > =1 Q

mmwmaqmau‘tu 12 \Gandaunas Jlananau
WFuUSnssaele 30 Yu 1w 7.26 Wi ey

fiugdilaiiasan (AOR=7.26, 95% Cl=1.38-38.21,
p-value=0.019) MIngazniasnianan flananauan
Susmsznnelu 30 Su 1w 9.84 iudlafisuiy
Jilingas (AOR=9.84, 95% Cl=2.12-45.67,
p-value=0.003) LLaxﬁjﬁvhiﬁmﬁa@mmﬁaﬁfmﬁwmﬂ
Tsowgnuna flemanduansuusmssinslu 30 T4
1w 11.53 Lml,f]mﬁmuﬁugﬁﬁmi@@mu (AOR=11.53,
95% Cl=2.18-61.02, p-value=0.004) (Table 2)
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Table 2 Multiple Logistic Regression Analysis of Factors Associated with 30-Day Revisits (n=60)

Factor

AOR 95% ClI p-value

Sex
Male (ref.)

Female

Prior emergency department visits within the past 12

months
Never (ref.)
Yes
Medication non-adherence
No (ref.)
Yes
Absence of post-discharge follow-up
Yes (ref.)
No

1 1

4.82 1.45-16.03 0.011

1 1

7.26 1.38-38.21 0.019

1 1

9.84 2.12-45.67 0.003

1 1

11.53 2.18-61.02 0.004

Hosmer-Lemeshow Goodness of fit test; X?=3.67 (p-value=0.886), Nagelkerke R?=0.642

Abbreviations : AOR=adjusted odds ratio, 95% CI=95% confidence interval, ref.=reference group
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ABSTRACT

BACKGROUND: Training in neurosurgery requires extensive practice. Traditional methods have limitations
in terms of accessibility and repetition. The use of virtual patient simulation (VPS), therefore, represents a
promising alternative that enables students to practice complex procedures in a safe and controlled
environment.

OBJECTIVES: To examine the opinions, suggestions, and the impact of virtual patient simulation on
medical students’ satisfaction in neurosurgery education.

METHODS: The quantitative component employed t-test and Pearson correlation statistics, while the
qualitative component utilized open-ended questions with data analyzed through thematic analysis. The
sample consisted of 23 medical students who had used virtual patient simulation.

RESULTS: The one-sample t-test revealed that the mean satisfaction score with the use of VPS (Mean
Difference=1.386, SD=0.5) was statistically significantly higher than the moderate criterion baseline of 3
points (1(22)=12.934, p<0.001). Pearson correlation analysis indicated a statistically significant, strong
positive correlation between the overall experience of using VPS and satisfaction with the curriculum (r=0.643,
p=0.001). Qualitative findings indicated that VPS effectively simulates patient dynamics and clinical
environments, allowing learners to develop critical decision-making and patient management skills in
near-realistic scenarios. However, system complexity and technical stability were identified as notable
constraints.

CONCLUSIONS: Virtual Patient Simulation demonstrates high potential to enhance the quality of neurosurgery
education, particularly for rare or complex clinical situations. To maximize the utility of this technology, future
implementation should focus on improving system performance and stability, developing a more
user-friendly interface, providing Thai language support, and considering increased user licensing and the
development of a self-study version for out-of-hours practice, along with appropriate curriculum integration.
This will contribute to the continued development of an effective neurosurgical education system.

KEYWORDS: virtual patent simulation, satisfaction, neurosurgical education, medical student
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INTRODUCTION

Training in neurosurgery is highly challenging,
requiring extensive practice and deep clinical
experience. Traditional methods, such as cadaveric
dissection and direct observation of live surgical
procedures, are increasingly limited by strict resource
accessibility, high costs, and a lack of opportunities
for repetitive individual practice. Furthermore,
contemporary surgical training faces critical
challenges, including restricted intraoperative
exposure for undergraduate students, mounting
patient safety concerns, and an industry-wide
transition toward competency-based surgical
education. Consequently, relying solely on classical
observation is no longer sufficient to prepare students
for complex clinical realities.” % *

Virtual Patient Simulation (VPS) has emerged
as a promising alternative, enabling students to
practice complex procedures in a safe, controlled
environment, thereby facilitating a more structured
and transparent learning pathway. Moreover, VPS
promotes active learning, enhances students’ clinical
decision-making skills, builds confidence in real-world
practice, and provides opportunities for systematic
self-assessment. The integration of simulation
technology is thus essential for adapting medical
education to the demands of the modern era,
particularly in highly complex and high-stakes fields
such as neurosurgery.* ®

Objectives of the Study: (1) To evaluate the
level of medical students’ satisfaction and perceived
learning experiences with the use of Virtual Patient
Simulation; and (2) To explore medical students’
detailed opinions and development suggestions
regarding the integration of Virtual Patient Simulation
into clinical learning.

METHODS

Research design: This study employs a

mixed-methods approach. The quantitative component
is analyzed using descriptive statistics, a one-sample
t-test to assess satisfaction scores, and Pearson
correlation to examine the relationship between
experience with Virtual Patient Simulation and
satisfaction with learning. The qualitative component
utilizes semi-structured group interviews conducted
in the classroom, along with open-ended questions
collected through an online questionnaire. Data are
analyzed using thematic analysis. This study has
been approved by the Human Research Ethics
Committee (COA No. 120/68).

Population and Sample

The population consisted of sixth-year medical
students enrolled in the neurosurgery course at the
Clinical Medical Education Center, Phrapokklao
Hospital, totaling 23 students. The sample included
all 23 sixth-year medical students, representing the
entire population enrolled in the neurosurgery course
at the Clinical Medical Education Center, Phrapokklao
Hospital, all of whom had completed the required
learning experience using Virtual Patient Simulation
(VPS).

Research Procedures

Data collection was conducted by coordinating
with administrative staff who were completely
independent of student assessment and research
operations at the Clinical Medical Education Center,
Phrapokklao Hospital, to formally introduce the project
to the sixth-year medical students. The study details
were presented during regular class time, taking
approximately 10—15 minutes to clarify the research
objectives, data collection steps, and participant
confidentiality protections. Students were given a
consideration period of 24 hours before being invited
to participate and provide informed consent through
an online secure questionnaire system.

The data collection was divided into two
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strategic parts: quantitative data were generated
through a structured online Likert-scale questionnaire
completed by students immediately after finishing
their Virtual Patient Simulation (VPS) curriculum
modules to evaluate overall satisfaction. Concurrently,
qualitative data were collected via semi-structured
classroom focus group interviews alongside matching
open-ended survey text fields to gather explicit,
in-depth opinions and constructive feedback
regarding their active VPS learning experience.

Research Instruments

The primary research instrument was
designed as an online questionnaire consisting of
both closed-ended and open-ended questions.

Data Analysis

Quantitative data obtained from the
questionnaires were recorded in Microsoft Excel and
then imported into SPSS for analysis. Descriptive

statistics and one-sample t-tests were used to

Part 1: General Information

evaluate satisfaction scores. In addition, correlation
analysis was conducted to examine the relationship
between experience with Virtual Patient Simulation
and satisfaction with learning. Qualitative data from
open-ended questions and interviews were analyzed
using thematic analysis to identify recurring themes
and patterns. The findings from both quantitative and
qualitative analyses were integrated and interpreted
to address the research questions and objectives,
and the results were discussed in relation to relevant
literature and theories.
RESULTS

This study aimed to evaluate the level of
medical students’ satisfaction with the use of Virtual
Patient Simulation in learning and to explore their
opinions and suggestions regarding its use. The
results showed that the sample had a mean age of
23.7+0.5 years, accounting for 25%, and consisted
of 13 males (56.5%) and 10 females (43.5%).

Table 1 Data on opinions regarding the use of Virtual Patient Simulation

Opinions on the Integration of Virtual Patient Simulation into the Neurosurgery

Curriculum n (%)
Yes 20 (87.0)
No 1(4.3)
Not sure 2 (8.7)

In Table 1, the majority of respondents
expressed support for the continuous integration of
Virtual Patient Simulation into the neurosurgery
curriculum, with 20 participants (87.0%) responding
“Yes.” Meanwhile, 2 participants (8.7%) were
uncertain, and 1 participant (4.3%) responded “No”.
Part 2: Inferential Data Analysis for Hypothesis
Testing

Hypothesis 1: Sixth-year medical students in
neurosurgery are expected to have a high level of
satisfaction with learning through Virtual Patient

Simulation. The statistical hypotheses can be
formulated as follows:

Ho (Null hypothesis): The mean satisfaction
score is less than or equal to 3.

H1 (Alternative hypothesis): The mean
satisfaction score is greater than or equal to 3.

Statistical analysis was conducted to determine
whether the mean satisfaction score differs from the
expected value using a one-sample t-test for
hypothesis testing.
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Table 2 One-Sample t-test of Overall Satisfaction with Virtual Patient Simulation Compared with the Hypothesized Mean

(Test Value = 3)

Test Value =3
Mean 95% ClI 95% ClI
N Mean+SD t df  p-value
Difference (Lower) (Upper)
Overall satisfaction with
23 4.3+0.5 12.934 22 <0.001 1.386 1.16 1.61

the use of VPS

Table 2 presents the results of the one-sample
t-test examining overall satisfaction with the use of
Virtual Patient Simulation (VPS). The mean satisfaction

score was significantly higher than the hypothesized

mean of 3 (M = 4.39, SD = 0.51), indicating a high
level of satisfaction among participants (t(22)=
12.934, p<0.001). The mean difference was 1.386
(95% CI: 1.16-1.61).

Table 3 One-sample t-test of Mean Satisfaction Scores in Neurosurgery Education Compared with the Hypothesized Mean

(Test Value=3)

Test Value =3
Mean 95% CI 95% CI
N Mean+SD df p-value
Difference (Lower) (Upper)
Virtual Patient Simulation usage 23 4.3+0.6 11.299 22 <0.001 1.288 1.05 1.52
Comparison with traditional
23 4.5+0.5 13.704 22 <0.001 1.522 1.29 1.75
neurosurgery teaching methods
Overall satisfaction with
23 4.4+0.6 10.577 22 <0.001 1.348 1.08 1.61

neurosurgery education

Table 3 shows that the mean satisfaction score
for direct VPS usage (M=4.3, SD=0.6) was significantly
higher than the moderate criterion baseline ((22)=
11.299, p<0.001). The satisfaction score when
compared to traditional neurosurgery teaching
methods (M=4.5, SD=0.5) was similarly higher to a
significant degree (t(22) = 13.704, p<0.001). Finally,
overall satisfaction with the integrated neurosurgery
module (M=4.4, SD=0.6) significantly exceeded the
baseline (t(22) = 10.577, p<0.001).

To evaluate the strength of the relationship
between student interaction and their resulting
satisfaction, a Pearson correlation analysis was
conducted. In educational research, correlation
coefficients (r) between 0.40 and 0.59 are generally

considered moderate, while values between 0.60 and

0.79 represent a strong positive relationship.
Hypothesis 2

The use of Virtual Patient Simulation has a
positive effect on medical students’ satisfaction with
learning. The statistical hypotheses can be formulated
as follows:

Ho (Null hypothesis): The use of Virtual
Patient Simulation has no effect on medical students’
satisfaction with learning.

H1 (Alternative hypothesis): The use of
Virtual Patient Simulation has an effect on medical
students’ satisfaction with learning.

Pearson Product-Moment Correlation
Coefficient was used to test the hypothesis at a 95%

confidence level.
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Table 4 Correlation between Experience with Virtual Patient Simulation and Satisfaction with Neurosurgery Education in Each

Aspect
Satisfaction with the use of Virtual Patient Simulation r p-value
Experience with the use Virtual Patient Simulation Usage 0.635°  <0.001
of Virtual Patient
Simulation Comparison with Traditional Neurosurgery Teaching Methods 0.418’ 0.047
Overall Satisfaction with Neurosurgery Education 0.690" <0.001

* p<0.05, ** p<0.01

In Table 4, the results indicate a strong and
statistically significant positive relationship between
positive experiences using the software and both
direct system satisfaction (r=0.635, p=0.001) and
overall educational module satisfaction (r=0.690,
p<0.001). A moderate, statistically significant positive
correlation was observed when comparing the
simulation directly against traditional neurosurgical
educational delivery models (r=0.418, p=0.047).

Part 3: Thematic Analysis of Factors Influencing
Satisfaction among Sixth-Year Medical Students in
Neurosurgery at the Clinical Medical Education
Center, Phrapokklao Hospital

From the qualitative data analysis using
thematic analysis, three key themes emerged: (1)
opportunities for realistic learning, (2) limitations in
usage, and (3) development and integration.

3.1 Opportunities for Realistic Learning

3.1.1 Experience of Realistic Learning
Situations: Participants reflected that the system
helped create learning experiences closely
resembling real-life situations, particularly in terms of
case realism and the dynamic changes in patients’
conditions. One participant stated, “The realism and
flow of patient assessment” (A1), while another
noted, “There is a dynamic change of patient” (A10).
These responses indicate that the system can

simulate continuous, contextually relevant clinical

scenarios.

3.1.2 Decision-Making in Simulated Real-Life
Situations: Participants also reported that the system
supported decision-making under time constraints.
For example, one participant stated, “It allows for
treatment decision-making within a limited time” (A5)
and expressed appreciation for the program because
it simulates patients realistically, including their
histories and clinical presentations. The system
effectively replicates emergency room scenarios,
helping users practice decision-making under time
pressure. While using the program, participants felt
as if they were in real situations, and making incorrect
decisions created a genuine sense of pressure. One
participant noted that it would be beneficial for
reviewing knowledge prior to actual practice (A5).
These findings indicate that the system plays an
important role in enhancing analytical thinking and
emergency management skills.

3.1.3 Variety of Case Scenarios: Participants
also noted that the system provides a wide variety
of case scenarios. For instance, one participant
stated, “There are many cases to choose from” (A11),
while another commented, “It should be included, as
we do not often encounter neurosurgical patients”
(A17). This highlights that the system enhances
learning opportunities by exposing students to diverse

clinical situations.
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3.2 Limitations in Usage

3.2.1 System Stability and Performance:
Although most participants recognized the benefits
of the system, some limitations were identified regarding
its stability and performance. Participants reported issues
such as “system stability” (A4), “graphics and program
lag” (A10), and “the system is quite delayed” (A12).

3.2.2 Complexity of Using the VPS System:
In addition, limitations were identified regarding the
complexity of using the VPS system. For example,
one participant noted, “Physical examination or
ordering investigations is difficult to find; it may take
time to adjust or require multiple uses to know where
to select each option” (A1). Others reported that
“treatment/investigation options are difficult to locate”
(A9) and that the “interface is relatively difficult to
read” (A3). These findings suggest that users may
require time to become familiar with the system before

achieving proficiency.

‘ Simulation-based real-life experience

‘ Decision-making in simulated real-life scenarios

‘ Diversity of case studies

System stability and performance

Complexity of using the VPS system

Limitations in program accessibility

Development of a Thai-language version of the system

‘ Integration into the curriculum

3.2.3 Limitations in Program Accessibility:
In terms of accessibility, some participants indicated
that using the program requires institutional access
credentials, which are limited in number (A2). This
may restrict opportunities for accessing the program.

3.3 Development and Integration

3.3.1 Development of a Thai-Language
Version: Participants suggested the development of
a Thai-language version of the system. For example,
one participant stated, “I would like the program to
run smoothly and be in Thai” (A10), to enhance ease
of use.

3.3.2 Integration into the Curriculum: In
addition, participants suggested integrating the
system into regular teaching and learning. One
participant stated, “It should be used alongside
regular classes” (A2), reflecting the expectation that
the system would serve as a structured learning

support tool.

’_

‘{ Clinical Leaming Potential

{ Limitations and Bariers to Use ]

T 1T -7 T T

Approaches for Development and
Curriculum Integration

-

Figure 1 Model of Factors Influencing Satisfaction among Sixth-Year Medical Students in Neurosurgery at the Clinical

Medical Education Center, Phrapokklao Hospital

Medical

Students’

Satisfaction
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DISCUSSION

The overwhelming consensus among medical
students supporting the continuous integration of
Virtual Patient Simulation into neurosurgery (87.0%)
highlights that modern learners view simulation
platforms as foundational curriculum components
rather than temporary exercises. This strongly aligns
with Ziv, Wolpe, and Small (2003)°, who frame
simulation-based medical education as an ethical
imperative. Because exposing undergraduate
students to high-stakes, real-time neurosurgical
procedures carries inherent risks to patient safety
and conflicts with the core medical tenet of primum
non nocere (first, do no harm), a simulated surrogate
ethically bridges this training gap"’®

The strong positive correlation between
interactive simulation experience and overall
satisfaction (r=0.690, p<0.001) validates the
educational principles of deliberate practice outlined
by McGaghie et al. (2011). 4 Deliberate, structured
practice through simulation allows students to engage
in critical error-making and immediate correction,
which builds safe clinical competence. Given that
neurosurgery is characterized by high technical
complexity and narrow margins for error, these
findings match assertions by Aggarwal and Darzi
(2008) that immersive virtual environments offer a
protected yet highly detailed arena for dissecting
complex clinical conditions. Furthermore, Seymour
et al. (2002) and Stefanidis et al. (2010)?** provide
long-standing empirical support showing that skills
mastered in virtual environments successfully
transfer to physical operating spaces, thereby proving
that proficiency-based milestones yield superior
long-term results compared to simple repetition.®®

Limitations of the Study: This study has
several limitations that must be considered when

interpreting the results. First, the evaluation utilizes

a one-shot case study research design lacking an
active control group or traditional pre-and-post
intervention testing. As a result, this prevents the
determination of direct learning gains or objective
knowledge changes. Second, the study is limited by
a small sample size (N=23) drawn  exclusively from
a single cohort at a single medical training center,
which limits the generalizability of the findings to
other medical institutions. Finally, the evaluative
outcomes focus primarily on subjective learner
satisfaction and perceived self-confidence, which may
not directly reflect objective clinical competency or
long-term operational skill translation.

Future Research Directions: To build upon
these findings, future research should transition
toward multi-center comparative designs featuring
parallel control groups to isolate the true pedagogical
impact of VPS. Researchers should also integrate
objective evaluation metrics, such as standardized
pre-and-post tests to measure knowledge retention,
and structured clinical examinations (such as OSCEs)
to verify actual clinical performance and skill
translation.®

Conclusion: The findings indicate that medical
students demonstrated a significantly high level of
satisfaction with the use of Virtual Patient Simulation
in neurosurgery education. Experience with the
system was positively correlated with overall
satisfaction. Additionally, the vast majority of students
(87.0%) supported the continuous integration of
Virtual Patient Simulation into the curriculum.
Qualitative analysis further revealed that the system
enhances learning experiences and clinical decision-
making, despite some limitations related to system
stability and usability. In conclusion, Virtual Patient
Simulation is a promising tool for enhancing learning
and can be appropriately integrated into the

neurosurgery curriculum.
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