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Abstract

Background: The COVID-19 pandemic posed a significant healthcare crisis due to
the emergence of acute respiratory infections, leading to severe complications
such as thrombosis. Meanwhile, the D-dimer index serves as a dependable routine
diagnostic marker for thrombosis. Therefore, it is hypothesized that D-dimer could
serve as a potential prognostic marker for COVID-19 infection.

Objective: To assess the association between D-dimer levels and the severity of
COVID-19 among patients in the Vietnamese central coastal region.

Methods: A retrospective cross-sectional study was conducted at Da Nang Hospital
for Pulmonary Diseases and its satellites on patients admitted for COVID-19 from
September 2021 to April 2022. Clinical data were analyzed using the chi-square test.
The receiver operating characteristic (ROC) curve was used to determine the best cut-off
for D-dimer levels that differentiate between mild and severe cases amongst COVID-19
positive patients.

Results: This study comprised of 205 confirmed COVID-19 patients (mean [SD] age,
66.71 [18.80] years). The participants were divided into 2 groups based on their D-dimer
levels: those with D-dimer levels greater than 500 pg/L or less than 500 pg/L. The median
D-dimer level of each group were 1507.50 pg/L and 302 pg/L, respectively. Patient age
and a history of diabetes correlated with D-dimer elevation in COVID-19 patients.
The ROC curve indicated that D-dimer of greater than 638 pg/L was associated with
severe disease (sensitivity 80%, specificity 90.8%, area under the curve [AUC] = 0.900).
Conclusions: Elevated D-dimer levels was associated with more severe instances of
COVID-19 with levels exceeding 638 pg/L demonstrating high sensitivity and specificity.

Keywords: COVID-19 patients, D-dimer, ROC curve, Thrombosis parameter

Introduction

The SARS-CoV-2 virus and its variants caused a significant healthcare crisis by
giving rise to the acute respiratory infection known as COVID-19. Consequently, the World
Health Organization (WHO) declared COVID-19 a global pandemic on 11 March 2020.!
While the majority of COVID-19 patients experienced mild and common symptoms such as
fever, cough, nausea, vomiting, and diarrhea, a small proportion of patients continued to
suffer from severe symptoms that require intensive care unit (ICU) treatment and invasive
mechanical ventilation. These outcomes were possibly due to the occurrence of serious
complications like disseminated intravascular coagulation syndrome, septic shock, and

Rama Med J. 2025;48(1):e270167.
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severe acute respiratory syndrome, with high mortality rate.? COVID-19 is an acute
viral infection which severe cases lead to various complications. Moreover, due to
the hypoxemic, ischemic, and inflammatory characteristics of COVID-19, other multiple
organs including the cardiovascular? nervous,*> endocrine,® immune,” gastrointestinal,®
and renal systems® can be affected by the COVID-19 infection.

Cardiovascular complications, such as myocarditis, cardiac arrhythmias, endothelial
cell damage, myocardial interstitial fibrosis, and thrombotic events (TE), are well
documented in certain individuals with COVID-19."° Noticeably, the coagulation process
and hemostatic pathways are also adversely affected by COVID-19. Several reports
described coagulopathy in COVID-19 patients. Thrombotic events remain prevalent in
COVID-19 patients despite prophylactic anticoagulant treatment, especially among those
who are critically ill and admitted to the ICU. Acute pulmonary embolism (PE), ischemic
stroke, and deep vein thrombosis (DVT) are among the common coagulation disorders
in COVID-19 patients with approximately 30% of ICU patients."""

One of the laboratory parameters that garner attention among scientists for
prognosticating severity of SARS-CoV-2 infection is D-dimer.'®?' The D-dimer, a protein
fragment that could be found in fibrin degradation products. It is a distinctive
indicator of fibrin degradation, resulting from the sequential action of three enzymes:
thrombin, factor XIIIa, and plasmin. Initially, thrombin cleaves fibrinogen, generating
fibrin monomers that polymerize to form the framework for the formation of factor XIIIa
and plasmin. Additionally, thrombin activates plasma factor XIII, leading to production of
factor XlIla and induction of covalent bonds between D-domains within the polymerized
fibrin structure. Ultimately, plasmin breaks down the cross-linked fibrin, resulting in
the release of fibrin degradation products and the exposure of the D-dimer.2?
While the standard level of plasma D-dimer observed in clinical settings is below
500 pg/L, an elevated D-dimer level could indicate the presence of a DVT or PE.?
A study on a Chinese population found that D-dimer index could be elevated in COVID-19
patients compared to healthy individuals. Additionally, D-dimer levels were higher
in COVID-19 patients with severe illness or mixed complications compared to those with
nonsevere disease. Another study reported that D-dimer levels were higher in patients with
acute respiratory distress syndrome (ARDS) compared to those without ARDS; particularly
deceased ARDS patients exhibited higher levels of D-dimer compared to those who
survived the condition.®

As of February 2022, Vietnam'’s Ministry of Health reported over 11 million infections
and more than 43 000 deaths.? 24 As a pivotal city in Vietnam, Da Nang city witnessed
COVID-19 outbreak in the middle of 2020 with multiple waves of infections. Subsequently,
more than 100 000 cases were recorded in this city until 2023 while the case fatality rate
in Vietnam was over 400/100 000.? This research was conducted at Da Nang Hospital
for Pulmonary Diseases, a specialized medical facility that not only caters to its
own patients but also extends its services to COVID-19 patients referred from other
district clinics within the city of Da Nang who reached moderate or severe levels
of illness, during the early stage of Viethamese outbreak when vaccination was not
widely available. The primary goal of this study is to assess D-dimer levels in individuals
at the time of COVID-19 diagnosis and analyze the correlation between D-dimer and
other risk factors. Our aim was to gather additional evidence regarding the shift of
the thrombotic parameter D-dimer among patients infected with the SARS-CoV-2 virus
within the Vietnamese population.

Rama Med J. 2025;48(1):e270167.
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Methods

Research Ethics Issue and Sample Population

The retrospective research project focused on patients admitted for COVID-19
at Da Nang Hospital for Pulmonary Diseases in Vietham from September 2021 to
April 2022. The study adhered to the guidelines outlined in the Declaration of Helsinki.?
Approval for this research was granted by the Biomedical Ethics Committee of Da Nang
University of Medical Technology and Pharmacy, as well as by the Board of Directors of
Da Nang Hospital for Pulmonary Diseases, under reference No. 646/BB-HDDD issued on
20 December 2021.

The written informed consent was obtained from patients and/or their family
members (legal representatives) to participate in the study. All information was used
solely for research purposes. Patients were free to decline or withdraw from the study at
any time. Each patient was assigned an identifier, and their names were coded instead of
being compiled. According to the research questionnaire, all data was encrypted and
kept private. Research data was only accessible to the leader of the research team.
This study enrolled all participants who tested positive for COVID-19 via reverse transcription-
polymerase chain reaction (RT-PCR), following Vietnamese Ministry of Health guidelines
(Decision 2008 QD/BYT, issued on 26 April 2021).2 Pregnant women, individuals under 18,
and those with coagulation disorders were excluded from participation.

Data Collection
Classification of Severity of COVID-19

The severity of the disease was categorized into various levels based on the COVID-19
treatment guidelines issued by the Vietnamese Ministry of Health.?* These levels included
asymptomatic, mild, moderate, severe, and critical (Table 1).

Clinical Characteristics and Laboratory Measurements

Information on the clinical features of the individuals was collected, encompassing
the presence of chronic ilinesses (such as diabetes mellitus, hypertension, dyslipidemia, and
others including cardiovascular disorder, chronic respiratory conditions, aging, liver and
kidney diseases, malignancy, etc). The documented clinical signs included breathlessness,
cough, fatigue, elevated body temperature, throat discomfort, cognitive impairments,
and altered taste perception. The laboratory parameters included red blood cell (RBC),
white blood cell (WBC), platelet count, hemoglobin (Hb), and D-dimer were assessed
using the hemostasis testing system (ACL TOP 500 CTS, Werfen, MA, USA) at the time of
COVID-19 diagnosis.

Statistical Analysis

We utilized SPSS version 20.0 (IBM SPSS Statistics for Windows, Version 20.0.
Armonk, NY: IBM Corp; 2011) and Medlab software version 12.5 (MedCalc Software Ltd,
Ostend, Belgium) for statistical calculations. The chi-square test was employed to compare
proportions and for ordinal variables. The levels of significance were set at P < .05.
The relationships were present as ORs with 95% CIs. The receiving operating characteristic
(ROC) curve was utilized to determine the optimal cut-off point for D-dimer concentration
to predict the point of transition from mild to severity level of clinical situation, along with
its corresponding sensitivity and specificity for predicting the severity of COVID-19
infection in patients.

Rama Med J. 2025;48(1):e270167.
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Table 1. Severity Classification of COVID-19 Infection

Severity Classification

Description

Asymptomatic

Patients could exhibit positive test with COVID-19 but no symptoms.

Mild

Patients could exhibit nonspecific upper respiratory symptoms such as fever, dry cough, sore throat,

stuffy nose, fatigue, headache, and muscle aches.

Moderate

Patients could develop pneumonia with symptoms such as fever, cough, difficulty breathing, rapid
breathing, SpO, level of at least 93% in room air conditions

Severity

Patients could present pneumonia symptoms and one or more of the following signs: a respiratory
rate exceeding 30 breaths per minute, severe shortness of breath or respiratory difficulty, the use of
accessory respiratory muscles to breathe, and an SpO, level below 93% in room air conditions.
These patients may also exhibit tachycardia, bradycardia, abnormal blood pressure, agitation,
fatigue, or lethargy. Chest x-rays and/or chest CT scans may reveal lung damage with infiltrates

exceeding 50%.

Critical

Patients could present conditions such as ARDS, sepsis, infection shock, and other complications.
They exhibit critical abnormalities in respiratory rate (> 30 or < 10 breaths per minute), acute
respiratory failure, respiratory acidosis, increased effort to breathe, abnormal respiration patterns,
and require high-flow nasal cannula therapy or ventilators. These patients could also experience
decreased consciousness or be comatose. Their pulse rate may be either fast or slow, accompanied
by low blood pressure, decreased urine output (oliguria), or absence of urine output (anuria).
Chest x-rays and chest CT scans may reveal lung damage with infiltrates exceeding 50%.
Lung ultrasonography may also show the presence of multiple B-lines. Additionally, the PaO_/FiO,

index < 300 indicated critical conditions in patients.

Abbreviations: ARDS, acute respiratory distress syndrome; CT, computed tomography; FiO,, fraction of inspiratory oxygen concentration; PaO,, partial

pressure of oxygen in arterial blood; SpO,, oxygen saturation level.

Results

A total of 205 individuals were included in this research study, with mean (SD) age
of 66.71 (18.80) years (range, 18-16 years). Individuals aged over 60 years accounted for
67.3% of the population. The gender distribution was nearly equal, and comprised of
50.7% females and 49.3% males. The most common clinical manifestations in the study
population were dyspnea (51.7%), and cough (48.8%). While the least reported symptom
was loss of taste (10.7%). In terms of the medical history of chronic ilinesses, hypertension
was the most prevalent (47.8%), followed by diabetes in 31.2% of the patients. Regarding
the severity of the disease, most patients (42.4%) were classified as having severe
COVID-19 while “no symptoms” and “critical” classification were the lowest at 7.3% each.
The mean (SD) duration of hospitalization was 8.6 (5.60) days (Table 2).

The assessed values of D-dimer concentrations were divided into 2 groups, those
with D-dimer levels below 500 pg/L and those with the levels above 500 pg/L, showing
the medians of 302 pg/L and 1507.50 pg/L respectively. Within the population of individuals
diagnosed with COVID-19, the group with elevated D-dimer levels accounted for 73.2% of
patients. Laboratory findings also showed a broad range of D-dimer values, spanning from
8 pg/L to 58 416 pg/L (Table 3).

Rama Med J. 2025;48(1):e270167.
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A significant relationship was found between elevated D-dimer and patient age,
with those over 60 years old showing a higher rate of elevated D-dimer (P < .05).
Additionally, a statistically significant association was observed between elevated D-dimer
levels and diabetes (P < .05), but not with other documented diseases. Furthermore,
there was a significant correlation between increased D-dimer values and severity
classification (P < .05) (Table 4). Significant correlations (P < .05) were found between
D-dimer levels and other parameters including WBC, RBC, and Hb (Table 5). Additionally,
an increase in D-dimer levels was associated with the severity of COVID-19 infection
(Table 6).

Table 2. General Characteristics of the Study Subjects

Characteristic No. (%)
Age,y
<60 67 (32.7)
> 60 138 (67.3)
Sex
Male 101 (49.3)
Female 104 (50.7)

Clinical symptom

Dyspnea 106 (51.7)
Cough 100 (48.8)
Fatigue 63(30.7)
Fever 55 (26.8)
Chest tightness 51 (24.9)
Sore throat 49 (23.9)
Cognitive disorders 37 (18.0)
Loss of taste 22(10.7)

Medical history - chronic ilinesses

Hypertension 98 (47.8)
Diabetes 64 (31.2)
Dyslipidemia 23(11.2)
Other diseases 93 (45.4)

Classification of disease severity

No symptoms 15(7.3)
Mild 55 (26.8)
Moderate 33(16.1)
Severity 87 (42.4)
Critical 15(7.3)

Rama Med J. 2025;48(1):e270167.
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Table 3. The D-Dimer Alteration and Relationship Between Increased D-Dimer With Age and Medical History

No. (%)
Characteristic D-Dimer OR (95% CI) P Value
<500 pg/L (n =55) 2500 pg/L (n=150) All (N = 205)
D-dimer value, pg/L
Median (IQR) 302.00 (199.00) 1507.50 (1748.50) 1008.0 (1488.0) NA NA
Mean (range) 305.41 (7.68-492) 3503.27 (501-58 416)  2645.31 (7.68 -58 416) NA NA
Age,y
<60 25(37.3) 42 (62.7) 67 (32.7)
2.14(1.13-4.06) .03
> 60 30(21.7) 108 (78.3) 138(67.3)
Diabetes
Yes 10(15.6) 54 (84.4) 64 (31.2)
2.53(1.18-5.42) .01
No 45 (31.9) 96 (68.1) 141 (68.8)
Dyslipidemia
Yes 5(3.9) 18 (96.1) 23(11.2)
NA 0.63
No 50 (27.5) 132 (72.5) 182 (88.8)
Hypertension
Yes 23(23.4) 75 (76.6) 98 (47.8)
NA 0.43
No 32(29.9) 75 (70.1) 107 (52.2)
Other diseases
Yes 8(8.6) 85(91.4) 93 (45.4)
NA 0.44
No 47 (41.9) 65 (58.1) 112 (54.6)

Abbreviations: IQR, interquartile range; NA, not applicable.

Table 4. The Blood Counting Indexes of Groups

Blood Counting Index

Mean (SD) [95% CI]

D-Dimer

<500 pg/L (n =55)

2500 pg/L (n =150)

RBC, x10"?/L 4.43 (0.57) [4.13-5.44] 4.05 (0.76) [3.92-4.16]

WBC, x10°%/L 17.92 (74.3) [2.15-37.99] 10.86 (6.78) [9.76-11.95]

Hb, g/L 134.98 (20.26) [129.50-140.45] 122.05(22.97) [118.26-125.6]
Hct, L/L 0.41 (0.05) [0.33-0.63] 0.37(0.07) [0.36-0.39]

PLT, x10°/L 199.73 (66.33) [181.79-217.65] 210.64 (92.42) [195.73-225.55]

Abbreviations: Hb, hemoglobin; Hct, hematocrit; PLT, platelet; RBC, red blood cell; WBC, white blood cell.

Rama Med J. 2025;48(1):e270167.
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Table 5. The Relationship Between D-Dimer Groups and Blood Counting Indexes

No. (%)
Blood Counting Index  D-Dimer OR (95% CI) P Value
<500 pg/L (n =55) 2500 pg/L (n=150) All (N = 205)
WBC, x10°/L
4-10 45 (34.9) 84 (65.1) 129 (62.9)
3.54 (1.66-7.54) .002
>10 10(13.2) 66 (86.8) 76 (38.5)
RBC, x10"?/L
<338 5(9.1) 50 (90.9) 55 (26.8)
5.00(1.88-13.3) <.001
3.8-5.5 50 (33.3) 100 (66.7) 150 (73.2)
Hb, g/L
<120 10 (14.1) 61(85.9) 71 (34.6)
3.08 (1.44-6.56) .003
120-180 45 (33.6) 89 (66.4) 134 (65.4)
PLT, x10°/L
<150 11(20.8) 42 (79.2) 53 (25.9)
NA .284
150-450 44 (28.9) 108 (71.1) 152 (71.1)
Abbreviations: Hb, hemoglobin; Hct, hematocrit; NA, not applicable ; PLT, platelet; RBC, red blood cell; WBC, white blood cell.
Table 6. The Relationship Between D-Dimer Level and COVID-19 Severity Classification
D-Dimer
COVID19 Severity
<500 pg/L (n =55) 2500 pg/L (n =150) P Value
Classification
No. (%) Mean (95%CI) No. (%) Mean (95%CI)
No symptoms 10 (66.7) 295 (232.74-357.46) 5(33.3) 1042.0 (420.41-1663.58)
Mild 36 (65.5) 293 (251.66-335.73) 19 (34.5) 1654.50 (260.45-3084.55)
Moderate 7(21.2) 349.1(199.18-499.01) 26 (78.8) 2791.16 (1474.12-4108.2) <.001
Severity 2(2.3) 415.0 (97.34-732.66) 85(97.7) 3878.58 (2085-5671.68)
Critical 0 NA 15 (100) 5848.87 (161.33-11536.4)

Abbreviation: NA, not applicable.

The Medlab software was utilized to construct the ROC curve to determine

the threshold value of D-dimer concentration that can effectively differentiate between
mild and severe infection. By considering sensitivity and specificity, the analysis

demonstrated an area under the curve (AUC) of 0.9, indicating a robust discriminatory
ability with P value < .05. The identified cut-off point for D-dimer concentration was
determined to be 638 pg/L (Figure 1).
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Figure 1. Performance of Model With Receiver Operating Characteristic Curve of
D-Dimer Level to Differentiate Between Mild and Severe Infection in COVID-19 Patients

Discussion

The COVID-19 pandemic strained healthcare systems worldwide, with mortality
rates being a primary concern. Prompt identification of severe and critical cases is crucial
to reduce mortality rates and enhance recovery outcomes. Fatality rates ranging from
4.3% to 15% were reported among hospitalized COVID-19 patients.! Thus, it is imperative
to identify early predictors of COVID-19 severity to aid clinicians in timely diagnosis and
treatment interventions. A study conducted across multiple centers revealed that within
the older age group, there was an 18% increase in the risk of mortality.?® The participants
in our research ranged in age from 18 years to 106 years (mean [SD], 66.71 [18.80]),
consistent with the demographic profile reported from Zhang et al.?® Furthermore, another
study demonstrated that chronic health conditions significantly contributed to the poor
outcomes associated with the severity of COVID-19.2%3° In terms of medical background,
our investigation revealed that several chronic diseases were prevalent among severed
cases of COVID-19 patients in Da Nang city, Vietham. Hypertension was the most common
(47.8%), followed by diabetes (31.2%). Other conditions associated with aging, liver and
kidney diseases, malignancy, and others accounted for the remaining cases.

The systematic review of D-dimer index values in COVID-19 patients by Rostami et al*'
found that the median value of D-dimer increased to 1530 pg/L. Our study also observed
a similar trend with the recorded average value for high-risk group was 1507.50 pg/L.
We documented the positive correlation between elevated D-dimer levels and the classification
of disease severity, consistent to the other reports.32-33

COVID-19 is characterized by a state of hyper-inflammation with increasing various
inflammatory cytokines such as interleukin (IL) 1, IL-6, and tumor necrosis factor (TNF).3
This inflammatory response triggers the activation of endothelial cells, platelets, monocytes,
and tissue factors, resulting in the alteration of fibrinolytic and endogenous anticoagulant
pathways including thrombomodulin, and proteins (C and S proteins), and tissue factor
pathway inhibitor (TFPI). The generation of thrombin is primarily induced by activated
innate immune cells including macrophages and monocytes.3 Inflammation-induced
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endothelial cell dysfunction leads to a significant release of plasminogen activators,
potentially contributing to the observed coagulopathy in COVID-19. Elevated levels of
D-dimer are often associated with the activation of both fibrinolysis and coagulation
in vivo.?® 37 Conversely, Hun et al*® proposed an alternative explanation that the increase
in D-dimer in COVID-19 was due to the degradation of fibrin byproducts accumulating
within the lung parenchyma and alveoli, causing lung damage. Emerging studies were
conducted to determine the predictive ability of elevated levels of D-dimer on admission.
Marta-Enguita et al®® with a study on Spanish patients discovered that among the
inflammatory parameters measured upon admission, D-dimer was associated with
a worse prognosis. Additionally, previous studies reported several cut-off points included
values of greater than 1200 ng/mL (sensitivity of 71.43% and specificity of 90.91%),%
of 0.91 pg/mL (sensitivity of 82.2%, specificity of 81.2%),* and of 0.96 ug/mL (specificity
of 77%, sensitivity of 78.1%).° These findings aligned with our own calculations, which
determined a cut-off point of 638 pg/L (AUC 0.9) for the patients of Da Nang Hospital for
Pulmonary Diseases and its satellite facilities in Da Nang city, Vietnam.

Our investigation revealed a correlation between increased D-dimer levels and
other parameters including the age and diabetes. Specifically, patients over the age of 60
exhibited a significantly higher increase in D-dimer levels (OR [95% CI), 2.14 [1.13-4.06];
P < .05), consistent with previous studies.** In terms of the association between increased
D-dimer levels and chronic disease, our study observed a greater increase in the D-dimer
index among COVID-19 patients with diabetes compared to those without diabetes.
This difference was statistically significant (P < .05), with a 2.53-fold higher risk of D-dimer
elevation in patients with diabetes. These findings are consistent with previous research.*8
This phenomenon can be attributed to the impact of diabetes on the blood vessel structure,
which increases the risk of atherosclerosis, hypercoagulability and thrombosis. Furthermore,
diabetic patients with increased D-dimer levels showed poor prognosis and higher risk of
mortality due to association with age, hypertension and obesity. Furthermore, diabetes
could enhance susceptibility to cytokine storms and thrombotic complication in COVID-19.%
Our finding of the association bolstered the evidence linking the severity of COVID-19 with
diabetes, as documented in various research studies.**' The strengths of the standing
work include the clear research questions with the strong theoretical foundation of
the COVID-19 infection. Moreover, our data were collected from more than 200 participants
from the hospital with comprehensive ethical consideration. Nevertheless, due to
challenges in data collection and limited recruitment from a single hospital, this study
remains some limitations. Notably, there was no analysis of changes in D-dimer levels
amongst the severe cases with chronic respiratory or cardiovascular disease after
hospital admission, nor an investigation into the correlation of COVID-19 vaccination with
D-dimer levels.

Conclusions

This study determined that increased D-dimer levels are correlated with the severity
of COVID-19 cases in patients at Da Nang Hospital for Pulmonary Diseases and its satellite
hospitals. Specifically, patients with D-dimer levels above 638 pg/L exhibited more severe
symptoms, as indicated by the ROC curve showing sensitivity of 80% and specificity
of 90.8%, with an AUC of 0.900. In addition, the age and diabetes in patients were
significantly correlated with changes in the D-dimer levels. These findings suggested
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D-dimer could be applied as a biomarker to identify patients at risk of more severe
symptoms, particularly among the elderly and those with diabetes, who should be
monitored for D-dimer as an indicator to predict high risk of complications.
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Abstract

Background: Hearing loss in children impacts their communication ability and daily living.
Research has shown a correlation between hearing loss in children and parent’s mental
health problems. Although anxiety is a common mental health problem globally, few studies
have examined anxiety levels among parents of children with hearing impairments.
Objective: To evaluate anxiety levels among parents of children with hearing impairments
before and after children received auditory interventions.

Methods: The study recruited 35 parents of children with hearing impairments who received
auditory interventions at Ramathibodi Hospital. Parental anxiety levels were evaluated using
STAI Form Y-1 (Thai version), supplemented with structured interviews. Parental anxiety levels
before and after children received the intervention were compared using paired t tests,
and content analysis was used to analyze qualitative data from structured interviews.
The relationship between parental anxiety and intervention duration was evaluated using
Kendall's tau-b correlation.

Results: Most participants were female parents of children with bilateral sensorineural
hearing loss (SNHL) using hearing aids (mean age; parents = 41 years, and children = 6 years).
The results showed a significant decrease in parental anxiety levels after children received
an auditory intervention. Consistent with previous literature, parental anxiety levels were
reduced after children received auditory interventions. Reduction in parental anxiety might be
associated with a better understanding of children’s hearing status, treatment plans, and
improvements in children’s speech and language development.

Conclusions: This study suggests that appropriate auditory interventions reduce parental
anxiety. The interventions should be carefully planned to support children’s development
and parents’ mental well-being.

Keywords: Parental anxiety, Hearing-impaired children, Auditory intervention, Aural
rehabilitation

Introduction

Hearing loss is a common chronic disability worldwide. The World Health Organization
(WHO) in 2018 estimated that the global prevalence of hearing loss around 466 million people,
which included 34 million children with hearing impairments.’ Based on global reports of
early hearing detection and intervention programs, a universal newborn screening program
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showed a prevalence of permanent hearing loss of about 2 to 3 infants in every 1000
live births.?2 According to the Department of Empowerment of Persons and Disability
in 2024, the total number of the population registered for communication disorders are
about 432 482 cases or 19.12% of all cases with disability. The number of registered
communication disorders can be divided into to 5435 cases or 1.26% for the number of
children (<14 years) with hearing difficulty.? Hearing is essential for speech and language
development, social-emotional development, and cognitive function, especially in children;
therefore, the essential milestones will be interrupted when babies are born with
hearing loss. Early detection and intervention programs are necessary for successful
speech and language development among children with hearing impairments.*® However,
a delay in proper diagnosis and intervention may result in significant speech and language
development problems. Expected negative consequences of hearing loss in children
include speech and language developmental delay, lack of social interaction, and poor
academic performance.”® Notably, the consequences of hearing impairment are not
limited to the affected children as it also impacts their parents' or caregivers’ mental well.*3
Parents of children who are hearing impaired may experience multiple stages in their
mental health status before accepting that their children have hearing difficulties.™

One study has demonstrated that parents of children with hearing impairment
had a greater chance of experiencing a mental health disorder (eg, stress) than parents
of children with normal hearing.”> Some studies argued that raising children who have
hearing impairments was complicated by challenges that could contribute to an increased
chance of stress.’ 7 For example, parents may experience mental health disorders
when they first learn about their children’s failed hearing evaluation. Moreover,
parents may be overwhelmed by detailed information about the consequences of
hearing loss, treatment processes, and hearing device manipulations.' ' Unfortunately,
parents’ mental health problems may negatively influence a child’s treatment outcomes as
well as parent-child relationship.?® Consistent with family-centered care, it has been
suggested that healthcare providers pay attention to parents’ mental health status, which
will benefit children’s well-being and development.?!

Some studies reported no significant differences in stress levels between parents
of children with normal hearing and those with hearing impairment. These studies
argued that stress levels may be influenced by various external factors, including sample
characteristics, amount of the available support, and access to resource.?”2* They also
reported that frequent auditory intervention for children with hearing impairments
could decrease parents’ stress level. When children’s speech and hearing development
are appropriate, stress levels may not significantly differ between parents. Therefore,
because the level of stress may be altered by external factors, focusing solely on
parental stress may lead to an underestimation of the impact of children’s hearing ability
on parents’ mental health. Research should be expanded to other mental health conditions
to ensure that proper prevention and intervention for mental health problems are provided
for parents of children who have hearing impairments.

Anxiety is a common mental health disorder and is defined as a specific response
that people experience under stress. Unlike stress, which can be eliminated when
the situation is resolved, anxiety remains even when a particular worry or concern
has passed.?® In the absence of proper treatment, anxiety may develop into an anxiety
disorder (eg, panic disorder, phobias, social anxiety, and posttraumatic stress disorder).?
A common approach to assess anxiety is by using standardized questionnaires such as
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the State-Trait Anxiety Inventory (STAI).#” These questionnaires evaluate anxiety levels using
rating scales and present a result in a numerical form. Previous literature reported that
parental anxiety levels improved after their children received appropriate treatments.'” 2830

Causes of anxiety may change depending on important life events. For example,
during a child's auditory diagnostic phase, causes of anxiety for parents may include
hearing test results, diagnostic processes, and treatment options.’”® When children start
auditory interventions, causes of parental anxiety may relate to children’s communication,
social-emotional development, and academic achievement.3" 32 Eventually, when children
reach higher grades in school, parents may experience anxiety regarding their children’s
future and career path.'® 3334

To better understand anxiety among parents of children with hearing impairments
receiving regular auditory interventions, we studied parental anxiety as a function of
children’s duration in an auditory intervention program. This study aimed to compare
the levels of anxiety in parents of children with hearing impairment before and after children
received an auditory intervention and evaluate the relationship between parental anxiety
levels and the duration of participation in an auditory intervention program.
We hypothesized that parental anxiety levels would be reduced after their children started
an auditory intervention, and parental anxiety would continuously decrease with more
participation in an auditory intervention program.

Methods

Participants

This study was conducted by survey and structured interview method at the Speech
and Hearing Clinic, Faculty of Medicine Ramathibodi Hospital, from September 2021 to
December 2021. The number of participants was determined based on statistical power
calculations using a power level of 1.00 and a significance level (a) of 0.05. In total,
35 participants were recruited. All participants met the following inclusion criteria:
1) parents aged at least 20 years with a child aged under 18 years diagnosed with bilateral
sensorineural hearing loss, who has received an auditory intervention (ie, hearing aid fitting,
auditory training and speech therapy [private and/or group activities], and parental
support counseling), at the Speech and Hearing Clinic, Faculty of Medicine Ramathibodi
Hospital, Mahidol University, Bangkok, Thailand; 2) parents who could read, write, and
fluently use Thai language; and 3) parents were willing to participate in this study and
provided written informed consent as approved by the Institutional Review Board of
the Faculty of Medicine Ramathibodi Hospital, Mahidol University.

Procedures

All participants completed 2 questionnaires; a questionnaire covering personal
information and a questionnaire to evaluate parental anxiety, the Thai version of the
State-Trait Anxiety Inventory (STAL Form Y-1).3> The personal information questionnaire
collected general information about parents and children, such as age, gender, family
income, child’s age at hearing diagnosis, and duration of hearing intervention. The STAI
Form Y-1 questionnaire comprises 20 questions with responses on a rating scale from
1 (not at all) to 4 (very much so). The Thai version of the STAI has good internal consistency
(Cronbach’s alpha coefficients 0.86-0.92) and reliability (0.73-0.92). Generally, the STAI Form
Y-1 questionnaire provides a measurement of parental anxiety levels using 10 questions
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related to negative perspectives and 10 questions related to positive perspectives
(eg, "I feel calm” and “I feel tense”). The STAI total score ranges from 20 to 80 points, and
scores are classified into 3 groups: low anxiety (20-39 points), medium anxiety (40-59 points),
and high anxiety (60-80 points).

This study also conducted informal structured interviews with parents, and
their permission was sought for the interviews to be voice-recorded for further analysis.
In the interview, parents were encouraged to discuss their pre- and post-intervention levels
of anxiety. The interview comprised 3 open-ended questions: “Have you had feelings of anxiety,
and in your opinion, what are the causes of that feeling?”; “Can you describe your feelings
when you are having anxiety?”; and “If you had experienced anxiety, what could you do to help
to reduce your anxiety level”. In summary, each participant completed the 2 questionnaires
and an interview in a single session, which lasted approximately 30-45 minutes. Importantly,
all participants willingly agreed to participate in this study without compensation.

Statistical Analysis

Descriptive and inferential statistics were calculated using SPSS version 16.0 (SPSS for
Windows, Version 16.0. Chicago, SPSS Inc; 2007). Participants’ demographic information was
summarized using percentages and means. The levels of parental anxiety before and after
their children received auditory interventions were compared using paired-sample ¢ test.
Finally, the correlations between parental anxiety levels and auditory intervention duration
were evaluated using Kendall's tau-b correlation statistics. The qualitative data from the
interviews with the 35 participants were analyzed using content analysis. The data were
grouped under the same themes by considering the similarity and coherence in the data.

Results

Demographic Information for Parents and Children

Descriptive statistics were used to summarize the general information about
participants (Table 1). Most of the parents were female, and the average age was
around 41 years. All children were nonsyndromic, diagnosed with bilateral sensorineural
hearing loss, and fitted with prescribed bilateral hearing aids. The average age of
the children was around 6 years. Most children had severe sensorineural hearing loss
with auditory intervention of less than 5 years.

Table 1. Participants’ Demographic Information

Demographic Variable No. (%)
Parents
Gender
Female 30(85.71)
Male 5(14.29)
Age, mean (SD), y 40.89 (10.64)
Education
Lower than high school 4(11.43)
High school 14 (40.00)
College 17 (48.57)
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Table 1. Participants’ Demographic Information (Continued)

Demographic Variable No. (%)

Family monthly income, B

<5000 2(5.71)
5000-10 000 8 (22.86)
10 001-25 000 15 (42.86)
25 001-50 000 9(25.71)
>50 000 1(2.86)
Marital status
Separated 4(11.43)
Married 14 (40.00)
Children
Gender
Female 15 (42.86)
Male 20 (57.14)
Age, mean (SD), y 6.23 (2.89)
Degree of hearing loss
Mild 4(11.43)
Moderate 5(14.29)
Severe 18 (51.43)
Profound 8(22.86)
Age at hearing diagnosis
<3 months 3(8.57)
3-11 months 5(14.29)
1-2years 16 (45.71)
> 2 years 11 (31.43)

Age of hearing aid fitted, y

<2 11 (31.43)
2-5 18 (51.43)
. 6(17.14)

Years of intervention, y

<2 14 (40.00)
2-5 16 (45.71)
>5 5(14.29)
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Overall Levels of Parental Anxiety Before and After Children Received an Auditory

Intervention

Parental anxiety levels before and after children received an auditory intervention

were determined (Table 2). The level of parental anxiety was higher before the auditory

intervention (mean [SD], 55.71 [8.80]), and reduced after the auditory intervention
(mean [SD], 45.77 [6.84]). The paired-sample t tests showed that the differences in parental
anxiety levels before and after the auditory intervention were statistically significant
(95% CI, 6.37-13.40; P <.001). with auditory intervention of less than 5 years.

Relationship Between Parental Anxiety and Auditory Intervention Duration

There was an association between parental anxiety level and children’s auditory

intervention program duration. Parental anxiety levels were lower among parents of children

with longer duration of auditory intervention compared with the ones with shorter duration.

The percentages of parental anxiety categorized by the duration of auditory intervention

were determined (Table 3). Specifically, participants were divided into 3 groups based on their

children’s duration in an auditory intervention program (< 2 years, 2-5 years, and > 5 years).

The total STAI scores were calculated, and participants were categorized into 3 groups: low,

medium, and high anxiety. Parents reported either medium or high levels of anxiety before

their children received an auditory intervention; however, parental anxiety levels dropped

to low or medium after their children received auditory intervention.

Furthermore, the correlations between parental anxiety levels and the auditory

intervention duration were evaluated using Kendall's tau-b correlation statistics. The results

showed that parental anxiety levels had a statistically significant correlation with auditory

intervention duration (Tbh = -0.36, P = .03). Specifically, a longer duration of auditory

intervention for the child was associated with a lower level of parental anxiety.

Table 2. Difference in Mean Parental Anxiety Between Before and After Auditory Intervention

Level of Mean SE 95% CI of
Mean (SD) t df Sig (2-Tailed)
Parental Anxiety Difference Difference the Difference
Before 55.71 (8.80)
571 34 <.001 10.23 1.73 6.37-13.40
After 45.77 (6.84)
Table 3. Level of Parental Anxiety Before and After Auditory Intervention
No. (%)
Duration of Auditory Levels of Anxiety
Intervention, y Before Auditory Intervention After Auditory intervention
Low Medium High Low Medium High
<2 0 11(31.43) 3(8.57) 1(2.85) 13(37.14) 0
2-5 0 13(37.14) 3(8.57) 3(8.57) 13(37.14) 0
>5 0 3(8.57) 2(5.71) 3(8.57) 2(5.71) 0
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Parent Interviews

The structured interviews were consistent with the levels of parental anxiety
measured by the STAIL Those parents reported they felt less anxiety after their children
received an appropriate auditory intervention. The parents’ data showed that causes of
anxiety could be classified into 2 main groups: factors related to their child and factors
related to the parent themselves (Table 4).

Factors related to their children, the interview data from 35 parents showed that
before children had received auditory intervention, most parents felt highly anxious about
their children’s auditory and communication abilities, 65.71% (23 parents), as well as their
social interaction and self-care ability, 34.29% (12 parents).

Factors related to parents themselves showed that parents needed to dedicate
a significant amount of time and finances to raise children with hearing impairments.
Parents reported spending most of their time with their children, which could lead to
stress as they had little time for themselves. Financial problems were also a concern for
these families as hearing devices and maintenance could be costly.

There were few examples of quotes exacted from parent interviews that related
to factors that influenced parental anxiety: Parent 1: “Before receiving the auditory
interventions, I (mother) was very worried that if he could not hear, then how could
he communicate?” Parent 2: “I (mother) was worried about how my child could interact
with friends and society, and also whether she will be able to help herself in daily living”

Table 4. Summary of Parent Interviews

Factor

Information From the Interviews

Factors that influenced parental anxiety

Factors related to the child

Hearing, speech, and language development

Self-care and safety

Academic achievement and future career

Social interaction and social judgment

Factors related to the parent

Dedication of time for the intervention

Financial support and expenses

Challenges in raising the children

Factors associated with reduction of parental anxiety

Understanding of treatment and intervention plans

Parents felt less anxiety when they received information about

treatment and intervention plan from medical providers

Speech and language development of children

Levels of parental anxiety were reduced when parents noticed
improvement in their children’s speech and language development

after the interventions

Support from the group of parents in the hearing clinic

Exchange of information, empathy, and support among parents in

the group led to a reduction in anxiety level

Support from family and medical providers

The support from family and medical providers could help the parents

through problems and obstacles
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Levels of parental anxiety were reduced after the children had received
an appropriate auditory intervention. Parents felt less anxious when they understood
the impact of hearing loss on children’s development and the treatment plans for their
children. Also, when they noticed their children’s improvement in speech and hearing
development; for example, children started responding to sounds, developed meaningful
words, and showed improved communication skills. Support from the group of parents of
children with hearing loss, family members, and medical providers was also important for
the reduction of anxiety.

There were few examples of quotes exacted from parent interviews that related to
factors associated with the reduction of parental anxiety; Parent 1: “I (mother) felt better
when the health care providers spent time with us (family) and described how the hearing
loss would impact my child’s development and how I can help my child to make progress
along with the treatment plans”, Parent 2: “It was promising when I (mother) heard my child
start making some noises and then saying a word for the first time”.

Discussion

This study aimed to investigate levels of anxiety among parents of hard-of-hearing
children before and after receiving the hearing intervention and evaluate the relationship
between parental anxiety levels and duration of participation in the auditory intervention
program. Overall, the results showed that auditory intervention helped decreasing levels
of anxiety among parents of children who were hearing impaired. Moreover, a longer
duration of time the children had been in the auditory intervention was associated with
lower parental anxiety.

Our results were consistent with previous studies by Gurbuz et al'” and Hashemi et al,?®
that the average level of parents’ anxiety was significantly reduced after their children
received a hearing intervention. A previous study showed that parents began experiencing
some stress during the diagnostic phase following their child’'s hearing test results and the
start of the treatment process.” In this study, parents also reported more anxiety during
the first few visits, which might still focus on confirming hearing status. Hearing levels and
treatment plans might still be unclear for children’s intervention (the number of visits
depends on the causes of hearing and treatment plans); however, anxiety levels might be
reduced in later visits. As the hearing loss levels and impact on children’s developments
could be identified, and treatment for individuals was planned. Alteration in the levels of
anxiety may be associated with psychological stages reflecting acceptance of hearing
impairment.™ At first, parents of children with hearing impairments may experience a
denial phase and blame themselves for these problems. They may also have high levels of
anxiety about hearing evaluation results, speech and language development, and their
children’s future. However, parental anxiety may be reduced in later follow-up sessions when
parents enter the acceptance phase. After few medical intervention sessions, parents
may have received more information from available resources, including treatment plans
and possible outcomes from medical professionals.?

Parents may also understand important information shared among the parents,
such as device care and manipulation and language intervention techniques.™
Furthermore, anxiety levels could be reduced when parents notice improved speech and
language development.?

Although the levels of parental anxiety were reduced after auditory intervention,
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anxiety could not be eliminated. This study divided participants into 3 groups based on
the children’s auditory intervention duration. Parental anxiety was lower in the group with
a longer intervention program duration, which may be partly related to children’s speech
and hearing improvement. Key factors may include acceptance of the children’s hearing
ability, significant progress in children’s speech and language development, and academic
achievement. However, as our study included a small number of participants, we could not
evaluate levels of anxiety directly before the auditory intervention. Instead, we encouraged
participants to recall their estimated levels of anxiety at that time. Our results were
consistent with a previous study that showed parental mental health gradually improved
as their children received further treatments for their hearing impairment.z

Other challenging conditions may induce further anxiety episodes, meaning some
anxiety could not be eliminated in any group of parents. The interview data supported
that causes of parental anxiety may change based on their current situations and their
children’s important milestones. The interviews showed that the causes of parental
anxiety could be grouped into 2 main categories: factors related to parents themselves
and factors related to their children. Factors associated with parents included
the dedication of a significant amount of time and effort for auditory training before
noticeable progress in the child’s speech and hearing development. Previous research
suggested that taking care of children with hearing impairments or special needs
could lead to a significant multidimensional burden, including physical, emotional,
psychological, and financial stressors.' '® In several families, one parent had to quit
a full-time job and spend most of the time with their hard-of-hearing child; therefore,
causes of anxiety may relate to the family’s financial situation, and the anxiety might remain
during the first few years of intervention.

Causes of parental anxiety were associated with children’s hearing ability.
The interview data showed that parents felt anxious about their children’s academic
performance and future career. As hearing loss is a known factor that can compromise
children’s educational achievement, parents had a high level of anxiety about children’s
classroom performance.® ® Anxiety about academic performance could result in concern
about a child's future career. Moreover, social interaction may also be interrupted by
hearing difficulties. Hard-of-hearing children commonly have communication problems
that may prevent them from becoming socialized.” In our study, parents stated that they
were worried about the relationships between their children and classmates in school.
They also worried about limitations in speech and language ability that could prevent
their children from participating in class activities and induce social separation.
In addition, parents were concerned about their children's safety, as they noticed
that their children had limitations in sound localization, especially when they were in
noisy environments.

The limitations of this study were the lack of eligible participants to evaluate
parental anxiety before starting the auditory intervention; therefore, we encouraged
the parents to recall the anxiety levels they had experienced in the past through structured
interviews. Although the sample size was calculated based on the statistical analysis,
but the number of participants was relatively small. The results might involve gender bias
since most of the parents were female.

Further studies should evaluate anxiety levels and compare these levels at different
time points, such as before, immediately after, and a few years after the intervention.
In addition, different hearing devices could have different effectiveness (ie, quality of
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sounds, benefit of devices in different degrees of hearing, and compatibility with assistive
listening devices), and parental anxiety levels should be compared across various kinds of
hearing devices, including cochlear implants, hearing aids, and bone hearing aids.

Conclusions

Hearing loss in children causes an interruption in children’s achievement of
significant milestones, which could also impact the mental well-being of parents, such as
increasing levels of parental anxiety. Although auditory intervention for children with
hearing impairments can induce a reduction in parental anxiety, these anxiety levels may
not be eliminated. When parents feel less anxious about one condition, a new condition
may occur that induces another episode of anxiety. Therefore, medical providers should
consider mapping children’s essential milestones with parents’ concerns so parents’ mental
status can be carefully monitored.
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Abstract

Background: Studies have suggested that dietary patterns emphasizing low-fat,
plant-based foods like vegetarian, Mediterranean, and Dietary Approaches to Stop
Hypertension (DASH) diets reduce noncommunicable disease risk.

Objectives: To compare the effects of a Healthy Thai Diet (HTD) and a Contemporary
Thai Diet (CTD) on body mass index (BMI), blood pressure, cholesterol, and glycemia.
The HTD is characterized by low-fat, plant-based Thaifood that substitutes animal products
with plant-based ingredients while maintaining traditional seasonings (eg, fish sauce,
shrimp paste, and coconut milk).

Methods: Individuals exhibiting at least 1 abnormal health index (BMI, blood pressure,
low-density lipoprotein cholesterol [LDL-C], fasting blood sugar [FBS]) or undergoing
chronic disease treatment were randomly assigned to the HTD (n = 30) or
CTD (n = 32) for 12 weeks. Health indices were measured at baseline and at week 12.
Statistical analyses included paired t tests for within-group comparisons and student’s
t tests for between-group comparisons.

Results: After 12 weeks, the HTD group experienced significant weight loss (-3.03 kg
vs 0.43 kg in CTD, P < .01), particularly in participants with BMI greater or equal to
23 kg/m? (-3.99 kg vs 0.04 kg, P < .01). Systolic blood pressure dropped significantly
in the HTD (-17.4 mmHg vs -6.3 mmHg in CTD, P = .05), especially in those with
initial readings greater or equal to 140 mmHg (-32 mmHg vs -12 mmHg, P = .01).
LDL-C decreased notably in the HTD (-34.1 mg/dL vs -12.9 mg/dL in CTD, P < .05).
Participants with type 2 diabetes in the HTD were able to reduce or discontinue
medications while maintaining stable glycemic control. Significant changes in gut
microbial abundance and improvement in estimated glomerular filtration rate (eGFR)

(P < .05) were observed in the HTD.

Conclusions: These results suggest that the HTD may be a promising dietary intervention
for managing obesity, hypertension, dyslipidemia, and type 2 diabetes in Thailand.

Keywords: Noncommunicable diseases, Plant-based diet, Dietary intervention, Lifestyle
medicine, Lifestyle modification
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Introduction

Over the past 50 years, the incidence of chronic noncommunicable diseases (NCDs)
has risen significantly in Thailand.! Despite advances in modern medicine, these conditions
remain challenging to cure. Recent research highlights the role of dietary patterns — defined
as the habitual consumption of certain foods within populations — in influencing health
outcomes. Studies have shown that certain dietary patterns are linked to a reduced risk of
chronic diseases.?”

The concept of modifying dietary patterns to prevent and treat chronic diseases was
first investigated in 1953 by Keys® through the “7 countries study”, which linked high fat
consumption to cardiovascular disease. Later, the “22 countries study” by Yerushalmy et al®
suggested that meat consumption, rather than fat alone, was more closely associated
with cardiovascular risk. This led to a focus on high-meat and high-fat diets in chronic
disease research. The European Prospective Investigation into Cancer and Nutrition (EPIC)
Study tracked 448 568 participants over 15 years, finding that high meat intake increased
diabetes risk, while diets rich in fruits and vegetables lowered it. An analysis of 26 344 deaths
in the cohort showed higher all-cause mortality in individuals consuming red and processed
meats.> 3 Similarly, a Harvard study with 131 342 participants over 13 years revealed that,
for those primarily consuming calories from animal products, substituting just 3% of
animal-based calories with plant proteins reduced overall mortality by 33%, cardiovascular
death by 48%, and cancer mortality by 28%.'° Another study in Lyon with 420 heart disease
patients found a Mediterranean diet reduced adverse cardiac events by 70% compared to
a traditional American diet.* In Loma Linda, a 6-year study of 73 308 vegetarians found
a 10-year increase in life expectancy compared to the general population.> Furthermore,
studies by Gould et al® and Ornish’” demonstrated that comprehensive lifestyle changes,
including a low-fat vegetarian diet, significantly improved heart health, reduced coronary
artery stenosis, chest pain episodes, and the need for invasive procedures. These findings
have underscored the benefits of plant-based diets and lifestyle changes in chronic disease
prevention and management.

Beyond heart disease and diabetes prevention, plant-based diets have also been
associated with reduced blood pressure in hypertensive patients," a 5-fold reduction in
mortality among chronic kidney disease patients,'? lower uric acid levels and joint pain in
gout patients,” and decreased cancer mortality rates. The Personalised Responses to
Dietary Composition Trial (PREDICT) study'® further indicated that a diverse gut microbiome,
supported by prebiotic- and probiotic-rich foods, helps lower chronic disease risk. Additionally,
high refined sugar intake has been linked to obesity, diabetes, and cardiovascular disease.®
Also, excessive fructose consumption can overwhelm the liver’s ability to process it into
glucose, instead converting it into fat that contributes to insulin resistance, obesity,
and diabetes.”” However, consuming fructose with fiber slows down its absorption and
conversion to fat. The processing level of grains also impacts health, as unrefined grains
are associated with reduced type 2 diabetes risk, while refined grains increase it.'
Harvard research on healthcare professionals' found that frequent white rice intake raises
type 2 diabetes risk, whereas brown rice intake reduces it, and whole grains lower
cardiovascular disease risk. High consumption of refined grains may also increase the risk
of non-alcoholic fatty liver disease.

Previous research supports several principles for a healthy diet: (i) a focus on
plant-based foods (ii) high fiber intake (iii) limited meat and dairy, particularly processed
meats like sausages, bacon, and ham (iv) foods that promote gut microbiota diversity
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through prebiotics and probiotics, and (v) reduced refined sugars, favoring natural
fiber-rich sources like fresh fruits.

Analyzing the changes in dietary patterns in Thailand over the past 50 years
has revealed a decline in vegetable consumption, an increase in meat consumption,
more frequent use of frying and sautéing with oil, increased intake of sugars from
sweetened beverages and desserts, and greater consumption of refined grains with
the removal of bran. The traditional components of Thai cuisine, such as chili, shrimp paste,
fish sauce, curry paste, spices, and coconut milk, have remained unchanged.

Given these dietary shifts and limited existing evidence on Thai dietary patterns in
managing NCDs, this study was designed to test the hypothesis that consuming a Healthy
Thai Diet (HTD) would lead to significant improvements in key health indices compared to
a Contemporary Thai Diet (CTD).

HTD, as defined for this study, retains traditional Thai seasonings such as curry paste,
coconut milk, shrimp paste, and fish sauce, but emphasizes a variety of low-fat, plant-based
ingredients while deliberately avoiding meat, dairy, butter, and cheese. Importantly, this diet
permits unrestricted consumption until satiety, without the need for calorie counting
or restriction.

The primary outcomes of interest in this study included body weight, blood pressure,
low-density lipoprotein cholesterol (LDL-C) levels, and blood glucose levels. This study aimed
to generate evidence on the potential health benefits of the HTD, with the goal of informing
future national health food policies.

Methods

Study Design
This study was a randomized controlled trial (RCT) aimed at comparing the effects
of the HTD with the CTD over a 12-week period, conducted from January to April 2024.

Participants

The study population consisted of Thai individuals aged 18 and above from all 4 regions
of Thailand. A sample size calculation was performed using power analysis with an effect
size of 1, a power of 0.95, a=.05. and an allocation ratio (N2/N1) of 1. Based on 2-sided
hypothesis testing using G*Power version 3.1.9.7, a minimum sample size of 54 participants
was determined. To account for a potential dropout rate of 10%, the total sample size was
set at 60 participants, who were then randomly assigned to 1 of 2 groups (30 participants each)
through blocked randomization to prevent selection bias.

Participants were eligible for the study if they had at least 1 abnormal health index,
including a body mass index (BMI) greater than 25 kg/m?, LDL-C levels over 130 mg/dL,
blood pressure exceeding 140/90 mmHg, fasting blood glucose (FBS) levels above 100 mg/dL,
or were undergoing treatment for chronic conditions such as cardiovascular disease, stroke,
hypertension, dyslipidemia, diabetes, or obesity.

Exclusion criteria included individuals diagnosed with cancer, those with infectious
diseases, bedridden patients, individuals dependent on others for care, or those unable to
prepare or access the HTD independently.

Interventions
Participants in the study were randomly assigned to 1 of 2 dietary interventions.
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HTD: The HTD group followed a diet based on 77 recipes developed by the research
team. These recipes adhered to the study’s defined criteria for a healthy diet while
maintaining traditional Thai flavors. The HTD emphasized low-fat, plant-based ingredients,
including whole grains, fruits, vegetables, legumes, nuts, mushrooms, tea, and coffee.
Animal products were used sparingly, primarily as flavor enhancers (eg, fish sauce, shrimp
paste), and the diet was designed to be low in added sugars, with a preference for natural
sources of sugar high in fiber, such as fresh fruits. Participants in this group were
encouraged to eat until satiety without counting or restricting calories.

At the start of the study, participants in the HTD group attended a 2-week Healthy
Thai cooking workshop organized by the research team. During this workshop, they were
trained to prepare the 77 Thai recipes (eg, Phat Kaphrao, Kway Teow, Som Tum, Massaman
curry, Nam Prik, Thai pumpkin custard), which they subsequently continued to prepare
at home. Participants were allowed to adapt cooking methods and flavors to their
personal preferences, provided they adhered to the core principles of the HTD. The quality
of the meals consumed by participants was monitored through daily photographic food
logs, which were submitted throughout the 12-week intervention period.

CTD: Participants in the CTD group continued their usual dietary practices,
representative of the typical foods consumed by the general Thai population during
the study period. No specific dietary restrictions or modifications were imposed.
As with the HTD group, the quality of the meals consumed was monitored through daily
photographic food logs submitted by the participants over the 12-week period.

Sample and Data Collection

Samples and data were collected at 3 distinct time points: (i) baseline - including
an initial physical examination (eg, body weight and blood pressure), collection of
chronic disease medication history, and collection of blood and stool samples; (ii) after
2 weeks - collection of stool samples; and (iii) final (after 12 weeks) - including a final
physical examination (eg, body weight and blood pressure), collection of chronic disease
medication history, and collection of blood and stool samples.

Laboratory Analysis

Blood samples were collected from all participants at the above-mentioned time
points during the study. These samples were analyzed at Bangkok R.I.A. Lab, a certified
laboratory facility that meets the quality standards of ISO 9001:2015, LA, and ISO 15189.
This study evaluated the impact of dietary interventions primarily on the following blood
biomarkers, FBS (mg/dL) and LDL-C (mg/dL).

The gut microbiome from stool samples was analyzed and profiled at CPF Food
Research and Development Center (Thailand) using metataxonomic, specifically 16S rRNA
gene sequencing. Raw sequences were processed and profiled using the Greengenes
database,®® which is a chimera-checked 16S rRNA gene reference database, to generate
taxonomic classifications. Gut microbiome diversity was reported based on relative
abundance at both the phylum and genus levels.

Statistical Analysis

All data were analyzed using IBM SPSS version 19.0 (IBM SPSS Statistics for
Windows, Version 19.0. Armonk, NY: IBM Corp; 2010). The analysis was divided into
2 parts; (i) descriptive statistics to detail the characteristics of the sample group, presented
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in frequency distribution and percentage tables; (ii) comparative characteristics analysis
between groups using the student’s t test, with significance set at < .05, and within-group
comparisons before and after the experiment using the paired t test, with significance
set at < .05. If the normality assumption check indicated that the data were not normally
distributed, nonparametric statistics were applied. Specifically, the Mann-Whitney U test
was used in place of the student’s t test, and the Wilcoxon signed-rank test was substituted
for the paired ¢ test.

Results

After the recruitment announcement through social media, a total of 113 individuals
applied to participate in the study. Of these, 65 met the inclusion criteria, and 62 confirmed
their availability to join the study. Baseline data and characteristics of the sample group
were divided by general information and key health indices for NCDs (Table 1).

Following computerized blocked randomization, the participants were divided into
2 groups: 30 participants in the HTD group and 32 in the CTD group. Six participants from
the CTD group withdrew before the completion of the study, whereas no withdrawals were
recorded in the HTD group.

Body Weight and BMI

Participants in the HTD group experienced an average weight loss of 3.03 kg after
switching to this diet for 12 weeks, while participants in the CTD group, who did not alter
their eating habits, had an average weight gain of 0.43 kg. The weight change between
these 2 groups was statistically significant (P < .01). Further analysis of weight changes in
participants with overweight or obesity issues, defined as having a BMI of 23 kg/m?
or higher at the start of the study, revealed that participants from the HTD group managed
to reduce their weight by an average of 3.99 kg. In contrast, participants from the CTD group
had an average weight increase of 0.04 kg. This difference in weight changes was
statistically significant (P <.01) (Table 2).

The trend of weight reduction in the HTD group was observable as early as the first
2 weeks of the study when the participants attended the Healthy Thai cooking workshop.
Comparing the weights before and after the workshop, participants lost an average of 2 kg
(from 61 kg to 59 kg) (Figure 1).

Participants in the HTD group did not change other aspects of their lifestyle beyond
adopting the HTD. They were instructed to maintain their usual levels of physical activity
and exercise throughout the study, without altering their routines from before joining
the study.

Blood Pressure

After 12 weeks, participants in the HTD group experienced an average reduction in
systolic blood pressure of 17.4 mmHg. In contrast, participants in the CTD group saw
a smaller average reduction of 6.3 mmHg. The difference in systolic blood pressure
reduction between the 2 groups was statistically significant (P = .05) (Table 2).

When analyzing the changes in blood pressure among participants who had
a baseline systolic blood pressure of 140 mmHg or higher, it was found that the HTD
group experienced an average reduction of 31.7 mmHg, compared to just 12 mmHg in
the CTD group. This difference was also statistically significant (P =.01) (Table 2).
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The trend of lowering blood pressure in the HTD group was evident as early as
the first 2 weeks. During the initial Healthy Thai cooking workshop, a comparison of systolic

blood pressure before and after the workshop revealed an average reduction of 10 mmHg
(from 134 mmHg to 124 mmHg) (Figure 2).

Throughout the 12-week study, there was no need to adjust the antihypertensive
medication dosage for participants in the HTD group who were on blood pressure medication.

Cholesterol

After 12 weeks, the HTD group showed an average reduction in LDL cholesterol
of 20.43 mg/dL, whereas the CTD group saw a smaller average decrease of 10 mg/dL.
The change in LDL-C levels within the HTD group, comparing pre- and post-intervention,

was statistically significant (P < .01). However, when comparing the changes between
the 2 groups, the difference was not statistically significant (P = .18) (Table 2).

Table 1. Demographics and Health Indices

Characteristic

No. (%)

HTD Group (n = 30) CTD Group (n =32) All (N = 62)

Sex

Female 22 (73.33) 25(78.13) 47 (75.80)

Male 8(26.67) 7(21.87) 15 (24.20)
Age,y

<51 5(16.67) 5(15.62) 10(16.13)

51-60 9 (30.00) 11(34.38) 20 (32.26)

61-70 15 (50.00) 12 (37.50) 27 (43.55)

>70 1(3.33) 4(12.50) 5(8.06)
BMI, kg/m?

<23 12 (40.00) 14 (43.75) 26 (41.94)

>23 18 (60.00) 18 (56.25) 36 (58.06)
Systolic B, mmHg

<140 17 (56.67) 16 (50.00) 33(53.23)

> 140 13(43.33) 16 (50.00) 29 (46.77)
LDL-C, mg/dL

<130 12 (40.00) 18 (56.25) 30 (48.39)

>130 18 (60.00) 14 (43.75) 32(51.61)
FBS, mg/dL

<100 22 (73.33) 17 (53.12) 39 (62.90)

>100 8 (26.67) 15 (46.88) 23 (37.10)
Individuals on chronic disease medication prior to the study

Antihypertensive medication 12 (40.00) 14 (43.75) 26 (41.94)

Lipid-lowering medication 18 (60.00) 14 (43.75) 32 (51.61)

Diabetes medication 4(13.33) 7(21.88) 11 (17.74)

Abbreviations: BMI, body mass index; BP, blood pressure; FBS, fasting blood sugar; LDL-C, low-density lipoprotein

cholesterol.
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Figure 1. Average Daily Body Weight of the Healthy Thai Diet Group During the First
2 Weeks of Dietary Change

Figure 2. Average Daily Systolic Blood Pressure of the Healthy Thai Diet Group During
the First 2 Weeks of Dietary Change

When focusing on participants with initial LDL-C levels of 130 mg/dL or higher,
the HTD group exhibited a substantial average reduction of 34.11 mg/dL, compared to
areduction of only 12.92 mg/dL in the CTD group. This difference was statistically significant
(P <.05) (Table 2).

The trend of decreasing LDL-C levels in the HTD group was evident from the first
2 weeks, similar to the reductions observed in blood pressure and body weight. During
the cooking workshop, the average LDL-C level decreased by 18 mg/dL (from 146 mg/dL to
128 mg/dL). Additionally, participants with extremely high LDL-C levels, those exceeding
190 mg/dL at the baseline, managed to reduce their LDL-C by an average of 50 mg/dL
(from 229 mg/dL to 179 mg/dL) within the first 2 weeks.
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Throughout the 12-week study period, participants in the HTD group who were
on lipid-lowering medication prior to the study did not increase their medication dosage.

Blood Glucose Levels

For participants diagnosed with diabetes and receiving medication at the start of
the study who were in the HTD group, it was observed that they were able to maintain
stable blood glucose levels while reducing their oral medication to just a single type.
Additionally, for those who were on insulin injections, the dosage could be reduced by 30%
without any increase in blood glucose levels (Table 2).

Gut Microbiota

The characteristics of the gut microbiota in participants from the HTD group showed
significant changes at the phylum level after 12 weeks of consuming the HTD. Specifically,
there was a decrease in bacteria from the Bacteroidota and Fusobacteriota phyla, while
the number of bacteria from the Firmicutes phylum increased (Table 3). These changes in
the gut microbiota were also observable in the first 2 weeks of the study. The shift included
a decrease in Bacteroidota and Fusobacteriota, and an increase in Firmicutes (Table 4).

When analyzing the genus level of gut microbiota in the HTD group, it was found
that several genera capable of producing short-chain fatty acids, such as Agathobaculum,
Butyribacter, Eubacterium, Lachnospiraceae, and Gordonibacter, increased steadily from
the beginning to the end of the study. In contrast, some genera, such as Granulicatella,
Lawsonibacter, Ruminococcus, Phocaeicola, and Phocea, showed a continuous decline.

Table 3. The Relative Abundance of the 3 Phyla of Gut Microbiota in Both Groups of Participants Compared at
the Start and the End of the Study

Mean (SE)
Gut Microbiota HTD Group (n = 30) CTD Group (n = 26)

At Baseline At Week 12 P Value At Baseline At Week 12 P Value
Bacteroidota 0.355 (0.015) 0.310(0.016) .02 0.342 (0.019) 0.310(0.017) 23
Fusobacteriota 0.003 (0.001) 0.001 (0.001) .03 0.006 (0.004) 0.004 (0.002) .37
Firmicutes 0.495 (0.017) 0.536 (0.017) .02 0.514 (0.023) 0.553 (0.021) .18

Table 4. The Relative Abundance of 3 Bacterial Phyla in the HTD Group Compared at
the Start of the Study and After 2 Weeks Following the Dietary Change

Mean (SE)
Gut Microbiota HTD Group (n = 27%)

At Baseline At Week 2 P Value
Bacteroidota 0.348 (0.015) 0.29 (0.014) <.01
Fusobacteriota 0.003 (0.001) 0.002 (0.001) .02
Firmicutes 0.497 (0.017) 0.575 (0.019) <.01

“The sample size was reduced (from 30 to 27 samples) because 3 samples collected after the first 2 weeks did not pass

the quality control.
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Discussion

The demographic characteristics of the participants in both groups revealed that
the majority were aged 50 and above and were female. Over 60% were either overweight
or obese, and more than 40% were currently taking medication for hypertension.
Additionally, over 50% were on lipid-lowering medications, and nearly 20% were using
diabetes medications. The use of these medications did not affect the study's outcomes,
as the distribution of medication use was evenly spread across both groups. Participants in
both groups were advised to maintain their current medication dosages without any
adjustments during the study, except for those in the HTD group who were on diabetes
medication. These participants were advised to reduce their diabetes medication dosage
after starting the HTD to prevent hypoglycemia. Throughout the study, participants in
both groups were also advised to maintain their usual level of physical activity, ensuring
that it did not increase or decrease from their prestudy routine.

Regarding the dietary pattern, which was the main independent variable in this study,
participantsin the HTD group were advised to adhere as closely as possible to the principles
of the HTD. They were encouraged to prepare meals at home whenever possible and to eat out
only when necessary, while strictly following the research study’s dietary guidelines. Meanwhile,
participants in the control group, who followed the CTD, were instructed to continue consuming
their usual diet without altering their cooking methods or ingredients during the study.
Before the study concluded, 1 participant in the CTD group requested to withdraw due to
a desire to switch to a plant-based diet. Additionally, 5 other participants withdrew due to
difficulties in attending the final physical examination and blood tests at the end of the study.

HTD proved to be effective for weight loss in individuals who were overweight
or obese. Participants were able to eat until full without needing to restrict food intake,
count daily calories, or engage in intermittent fasting. Daily weight tracking during
the first 2 weeks showed a gradual and steady reduction in body weight, achieved without
increasing physical activity or exercise.

In terms of the effects of the HTD on blood pressure, the diet effectively reduced
systolic blood pressure, especially in individuals with baseline readings above 140 mmHg.
This reduction became noticeable within the first 2 weeks. The participants did not focus
on consuming specific herbs known for lowering blood pressure; rather, they emphasized
adietrich in a wide variety of plant-based foods, with the principle being “the more variety,
the better”. The results of the HTD on blood pressure were consistent with studies on
the Dietary Approaches to Stop Hypertension (DASH) diet,' suggesting that a plant-based
diet, when combined with traditional Thai seasonings like coconut milk, shrimp paste,
fish sauce, and fermented fish, could serve as an effective tool for managing hypertension.

HTD effectively reduced LDL-C, particularly in participants with baseline LDL-C
levels above 130 mg/dL. Notably, this reduction was observable in the first 2 weeks.
Although the HTD included dishes prepared with coconut milk, which contains a high
proportion of saturated fats, the typical Thai diet is varied, with coconut milk used only in
certain meals or on certain days. In contrast, plant-based ingredients, which were a staple in
the HTD, generally have a naturally low-fat content compared to animal-based foods like
meat, dairy, eggs, butter, and cream. For instance, red beans derive only 3% of their calories
from fat, while eggs have 60%, minced pork 70%, and chicken thighs 90%. This inherent
low-fat characteristic of the HTD meant there was no need for calorie counting.

Regarding the effects on diabetes, the diet allowed diabetic patients to reduce their
medication dosage without causing an increase in blood sugar levels. This finding aligned
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with previous studies that have suggested a high intake of animal products could lead to
the accumulation of intramyocellular lipids in muscle cells, ultimately resulting in insulin
resistance.?" 22 When participants reduced their consumption of meat, dairy, and eggs and
increased their intake of plant-based foods, these conditions gradually improved, leading to
enhanced insulin sensitivity.?>2* As a result, the body became more efficient at transporting
glucose from the bloodstream into muscle cells.

In terms of the difficulty of transitioning from the CTD to the HTD, retaining the full
range of traditional Thai seasonings — whether they come from plants or animals, contain
fat or not — while focusing on changing the primary ingredients, such as replacing chicken
with mushrooms or eggs with tofu made from beans, made the transition smoother.
This approach minimized the need for drastic adjustments to the taste of the food, making
the dietary shift easier to adopt.

The metataxonomic analysis of gut microbiota from both groups revealed that
switching to the HTD led to significant changes in the gut microbiota composition,
observable as early as the first 2 weeks after the dietary change. Notably, the HTD increased
the abundance of certain bacterial genera, particularly those involved in the production of
short-chain fatty acids through genes and enzymes associated with the acetyl-CoA
metabolism pathways.? 2¢ This finding aligned with previous research indicating that
short-chain fatty acids production in the gut is influenced by the consumption of prebiotic-
rich foods such as vegetables, fruits, whole grains, legumes, nuts, and seeds.

Additionally, this study incidentally found that the HTD was associated with
improvements in kidney function, as indicated by significant changes in the estimated
glomerular filtration rate (eGFR). Although eGFR was not originally anticipated to be
a primary or secondary outcome measure, the findings have suggested potential benefits
of the diet on renal health. Furthermore, the study observed a statistically significant
decrease in high-sensitivity C-reactive protein (hsCRP) levels in the HTD group (P < .01),
indicating an additional potential anti-inflammatory effect of the diet.

This study had some limitations that should be acknowledged. The reliance on
self-reported dietary data might have introduced bias, as participants might not have
accurately report their food intake. Future research should aim to confirm these findings in
a larger clinical trial with an extended study period, potentially 5 years or more, to better
capture long-term outcomes such as mortality or adverse clinical outcomes associated
with NCDs. Expanding the sample size and duration could provide more robust evidence
for the potential benefits of the HTD as a dietary intervention.

Conclusions

This study conducted a randomized controlled trial comparing the effects of
the CTD, commonly consumed across Thailand, with the HTD, which retains traditional Thai
seasonings such as chili, coconut milk, shrimp paste, fish sauce, and fermented fish, but
substitutes other ingredients entirely with plant-based foods and avoids animal products.
The findings have indicated that the HTD was associated with weight loss in individuals who
were overweight, a reduction in blood pressure in those with hypertension, a decrease in
cholesterol levels in those with high cholesterol, a reduction in diabetes medication without
increasing blood sugar levels in diabetic patients, and an increase in gut microbiota
diversity, particularly in genera that produce beneficial short-chain fatty acids. Additionally,
the HTD was linked to improved kidney function. These results provide robust evidence
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to support dietary changes for the prevention and treatment of chronic diseases in
the general population and could inform future health promotion and disease prevention
policies at the national level.
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Abstract

Background: Strategic research funding is a potential avenue for financial support.
Consequently, the synthesis of previous clinical research projects was conducted to explore
the possibility of receiving funds.

Objective: To synthesize the clinical research projects of Mahidol University.

Methods: Research data synthesis was performed on clinical research projects in the database
of the Research Management and Development Division, Mahidol University, covering
the fiscal year 2019-2023. This synthesis was based on the strategic research funding of
Thailand for the years 2023-2027 and the announcement of funding from the Program
Management Unit (PMU) for the fiscal year 2023-2024. The results are reported by type
classification, quantity, and percentage.

Results: Clinical trial research conducted by Mahidol University during fiscal years 2019-2023,
which met the criteria of the program for strategic research funding and qualified for
the PMU's announcement of research funding in the fiscal year 2023-2024, were as follows:
1) vaccine development and production, F1 (S1P1), 43 projects (81.13%); 2) development
and production of advanced therapy medicinal products, F2 (S1P1), 15 projects (23.44%);
3) genomics and precision medicine, N1 (S1P1), 17 projects (94.44%); 4) development
and production of medicines and herbal extracts, N2 (S1P1), 430 projects (97.28%); and
5) national epidemics and emerging diseases, N15 (S2P10), 11 projects (40.74%).
Conclusions: Clinical trial research according to the program of strategic research funding
and eligible for PMU was arranged in descending order as follows: N2 (S1P1), N1 (S1P1),
F1(S1P1), N15 (S2P10), and F2 (S1P1).

Keywords: Clinical research, Synthesis research, Strategic research funding
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Abstract

Background: Early primary school children (ages 6-8 years) often struggle to recognize
advertising content and understand its persuasive intent, particularly in digital media.
With increasing exposure to sponsored content on platforms, such as YouTube, there is
a critical need for effective methods to enhance children’s advertising literacy.
Objective: To evaluate the impact of child-specific advertising disclosure on advertising
literacy among children aged 6 to 8 years.

Methods: This pilot randomized controlled trial, 43 primary school children in Thailand
were randomly assigned to control or intervention groups. The intervention group viewed
a 10-second disclosure stating, “This person received money to use the product in this
content,” before watching a mock YouTube unboxing video. Advertising literacy was
assessed via questionnaires at baseline, immediately postintervention, and at 3-month
follow-up.

Results: Among 43 participants (51.6% female, mean age 7.31 years), the control group
demonstrated a significant decrease in overall advertising literacy scores from pretest
to posttest (P = .049), driven by reduced brand recognition, source recognition, and un-
derstanding of selling intent. In contrast, the intervention group maintained their adver-
tising literacy (P = .110), with a stable understanding of persuasive intent and
a trend toward improved understanding of selling intent. Scores remained consistent
from the posttest to 3-month follow-up in both groups.

Conclusions: Child-inspired advertising disclosure prevented a decline in advertising
literacy, particularly for persuasive and selling intent components. These findings suggest
that customized disclosures may enhance young children’s recognition of advertising
commercial motives.

Keywords: Sponsored marketing, Advertising disclosure, Advertising literacy, Children,
Primary school

Introduction

Children and adolescents are exposed to various forms of advertising through
television programs, the internet, mobile applications, and games. Previous studies have
found that children under 7 years old often cannot recognize that media content is
an advertisement or understand its persuasive intent. Children aged 7 to 12 years begin to
develop the ability to recognize television commercials and their persuasive intentions,
typically with guidance from their parents.” 2

The video-sharing platform YouTube is one of the most popular online activities
among young people. A survey of 633 Thai children and youth aged 6 to 22 years in Bangkok
found that smartphones were the most commonly used media device, with an average daily
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usage of over 4 hours, reaching up to 10 hours per day in some cases.? YouTube was the
most popular social media platform across all age groups. This widespread exposure to
online content, including embedded advertising, makes it challenging to regulate and
raises concerns about the impact on children’s advertising literacy.

Children’s conceptual knowledge of advertising comprises several components:
recognizing advertisements, understanding the selling intent, recognizing the source of
advertising, perceiving the intended audience, understanding persuasive intent and
tactics, and recognizing advertising bias.* Most previous studies on influencer marketing
have focused on children aged 9 to 14 years, with only one study examining preschool
children (4-year-old). However, no studies have specifically targeted children between
6 and 8 years, a critical age range for developing advertising literacy.®

The Federal Trade Commission (FTC) in the United States has provided endorsement
guides for influencers and advertisers, detailing requirements for disclosing sponsored
content to comply with truth in advertising laws.® Effective disclosures should be
prominently placed, easily noticeable, and use clear language that the general audience
can understand. However, previous research has indicated that children, especially
younger ones, often do not understand terms like “commercial information”, “sponsored”,
or “product placement” used in advertising disclosures.”

To address this gap, this study aimed to examine the impact of a child-inspired
advertising disclosure method on the advertising literacy of primary school children aged
6 to 8 years in Thailand. By using a disclosure format designed specifically for this age
group, the study sought to evaluate whether such an approach could effectively raise
children’s awareness of commercial motivations in sponsored content.

Methods

Participants

From September to December 2021, this pilot study was conducted with children aged
6 to 8 years and 11 months attending an elementary school in Chon Buri province, Thailand.
Children were enrolled and written parental/caregiver consent was obtained. Children with
below-normal intelligence (IQ < 90), according to the Test of Nonverbal Intelligence-Fourth
Edition (TONI-4) assessment, were excluded from the study. The study was approved by the
Institutional Review Board of Siriraj Hospital, protocol number: 321/2564 (IRB3).

Procedure

Parents/caregivers completed questionnaires on basic characteristics, which included
the Parenting Styles and Dimensions Questionnaire-short version (PSDQ-short), and
the Strengths and Difficulties Questionnaire (SDQ). Children watched a 3-minute educational
video about advertising literacy and took the TONI-4 test. Participants were randomly
assigned to the control or intervention group using computer-generated block randomization
(block size = 4) with concealed allocation. Group assignment was blinded to investigators
and participants until enrollment.

Both groups took a pretest involving watching a mock 3-minute YouTube video
featuring a same-age, same-gender peer unboxing toys. A questionnaire measured
brand recognition, source recognition, persuasive intent understanding, and selling
intent understanding. Only the intervention group saw a 10-second disclosure stating
“This person received money to use the product in this content” in large yellow text
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on a black background before the video.

After the pretest, both groups watched a comparable video and completed the same
questionnaires (posttest). Three months later, they repeated the questionnaires again
(follow-up test).

Measurement Instruments

The PSDQ-shortversion is a 32-item questionnaire assessing authoritative (15 items),
authoritarian (12 items), and permissive parenting styles (5 items) rated on a 5-point
Likert scale (ranging from “never” = 1 to “always” = 5). To compute an overall authoritative,
authoritarian, and permissive score for each parenting style, this study averaged the relevant
items, resulting in total scores ranging from 1 to 5 for each parenting style. The parents were
considered to practice the parenting style with the predominately highest average score.
The PSDQ demonstrated an internal consistency of 0.86 for authoritative, 0.82 for
authoritarian, and 0.64 for permissive parenting styles.®

Intellectual quotient (IQ) was assessed using the TONI-4, which does not require
any verbal communication. TONI-4 assesses intelligence, aptitude, abstract reasoning, and
problem-solving. The tests were administered to the children individually in a comfortable
room that was well-lit and free from noise. Based on the raw scores, the subjects were
classified into 1 of 7 nonverbal IQ categories: < 71 (extremely low); 71-79 (borderline);
80-89 (below average); 90-110 (average); 111-120 (high average); 121-130 (superior); and
> 130 (very superior). The TONI-4 scale has an excellent reliability score, and the Cronbach’s
alpha for TONI-4 was 0.96.°

Behavioral difficulties were screened with SDQ-parent rating. The 25 items in this
questionnaire evaluated the participant’s 5 aspects of behaviors, including emotional
symptoms, hyperactivity, conduct problems, peer relationship problems, and prosocial
behaviors. Their parents were required to rate on a 3-point Likert scale: 0 = “not true”,
1 = “somewhat true”, and 2 = “definitely true”. The 4 behavioral domains of hyperactivity,
emotional symptoms, conduct problems, and peer relationship problems were then
used to calculate the overall difficulty score. Participants assessed as having a total
difficulty score exceeding 16 were considered to have significant behavioral difficulties.
SDQ had an overall Cronbach’s alpha internal consistency of 0.7, exhibiting a sensitivity and
specificity of 0.63 and 0.95, respectively.’

The questionnaire for assessing advertising literacy consisted of 4 items, which assessed
4 main topics: brand recognition, source recognition, understanding of persuasive intent,
and understanding of selling intent. This questionnaire was developed from a survey of
30 children aged 6 to 8 years who were not participants in this study. The possible total
score ranged from 0 to 4, with higher scores indicating greater advertising literacy.
The Cronbach'’s alpha for this questionnaire was 0.81.

Statistical Analysis

Descriptive statistics (means, SD, and percentages) were calculated. Groups were
compared using chi-square tests for categorical variables and student'’s ¢t tests for
continuous variables. Paired t tests compared pretest-posttest and posttest-follow-up
scores within groups. Statistical significance was set at a P value less than .05 (P < .05).
Statistical analysis was performed using SPSS Software, version 26.0 (IBM SPSS Statistics
for Windows, Version 26.0. Armonk, NY: IBM Corp; 2019).
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Results

A total of 60 elementary school students aged 6 to 8 years were enrolled.
After excluding 17 with incomplete data, 43 participants (51.2% female) with a mean (SD)
age of 7.31 (0.79) years remained. No participants had a TONI-4 index score below 90.
The characteristics of children and families in the control (n = 17) and intervention (n = 26)
groups were determined, which were comparable with no statistically significant differences
(Table 1).

The pretest, posttest, and 3-month follow-up test scores assessing components of
advertising literacy were performed (Table 2). Although there were no statistically significant
differencesin total mean scores between the control and intervention groups at any timepoint,
within-group analyses revealed contrasting patterns.

In the control group, there was a significant decrease in mean total posttest scores
compared to pretest (2.06 vs 1.65, P = .049), indicating a reduction in overall advertising
literacy. This decline was driven by decreases in the proportions of children demonstrating
brand recognition (from 82.4% to 52.9%, P = .049), source recognition (from 35.3% to 23.5%,
P =.035), and understanding of selling intent (from 76.5% to 70.6%, P =.041). No significant
change was observed for understanding persuasive intent.

In contrast, the intervention group maintained their overall advertising literacy,
with no significant difference between pretest and posttest mean total scores (1.96 vs 1.69,
P =.110). While nonsignificant reductions were observed for brand recognition (from 73.1%
to 38.5%, P = .071) and source recognition (from 30.8% to 26.9%, P = .192), there was
no change in persuasive intent understanding (11.5% at both timepoints, P = 1.0).
Interestingly, the understanding of selling intent showed a trend toward improvement,
increasing from 80.8% to 84.6%, although this change did not reach statistical significance
(P =.083).

The stability of the intervention effect was demonstrated at the 3-month follow-up,
as scores remained unchanged compared to posttest in both the control group (P=1.0) and
the intervention group (P = 1.0).

Table 1. Demographic Characteristics of Participants

No. (%)
Characteristic P Value
Control Group (n=17) Intervention Group (n = 26)
Age, mean (SD), y 7.53(0.62) 7.31(0.79) .335
Male gender 9(52.9) 12 (46.2) .663
Primary caregiver
Mother 13(76.5) 18 (69.2)
Father 3(17.6) 3(11.5)
.570
Grandparents 0 2(7.7)
Others 1(5.9) 3(11.5)
Primary caregiver’s education
Below bachelor's degree 9(52.9) 13 (50.0)
.987
Bachelor’s degree and above 8(47.1) 13 (50.0)
Primary caregiver's age, mean (SD), y 38 (5.00) 41.15(7.81) .148
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Table 1. Demographic Characteristics of Participants (Continued)

No. (%)
Characteristic P Value
Control Group (n=17) Intervention Group (n = 26)

Marital status (married) 13 (76.5) 20(76.9) 412

Monthly household income, US $*

<885 13 (76.5) 15 (57.7)
>885 4(23.5) 11(42.3) 207
Media time per day during weekday, mean (SD), h 412 (2.34) 4.15 (2.46) .962
Media time per day during weekend, mean (SD), h 4.82(2.58) 5.42 (3.47) .545
Parenting style
Authoritative 15(88.2) 23(88.5)
Authoritarian 2(11.8) 3(11.5) o4
IQ, mean (SD) 116.82 (9.45) 113.62(9.91) .297
Behavioral difficulties
No significant difficulties 16 (94.1) 24 (92.3)
Significant difficulties 1(5.9) 2(7.7) 601
Abbreviation: IQ, intellectual quotient.
“US $1=1833.92
Table 2. Advertising Literacy Assessment Results
Advertising Literacy No- (%) P Value
Control Group (n=17) Intervention Group (n = 26)
Pretest
Brand recognition 14 (82.4) 19 (73.1) 481
Source recognition 6(35.3) 8(30.8) 757
Understanding of persuasive intent 2(11.8) 3(11.5) .982
Understanding of selling intent 13 (76.5) 21 (80.8) 735
Total pretest scores, mean (SD) 2.06 (0.83) 1.96 (0.77) .697
Posttest
Brand recognition 9(52.9) 10 (38.5) .350
Source recognition 4 (23.5) 7 (26.9) .803
Understanding of persuasive intent 3(17.6) 5(19.2) .896
Understanding of selling intent 12 (70.6) 22 (84.6) .269
Total posttest scores, mean (SD) 1.65(1.11) 1.69 (1.12) .898
3-month follow-up test
Brand recognition 9(52.9) 10 (38.5) .350
Source recognition 4 (23.5) 7 (26.9) .803
Persuasive intent 3(17.6) 5(19.2) .896
Understanding of selling intent 12 (70.6) 22 (84.6) .269
Total follow-up test scores, mean (SD) 1.65(1.11) 1.69(1.12) 898
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Discussion

To this study team’s knowledge, this is the first pilot randomized controlled trial
evaluating the effect of an advertising disclosure method specifically designed for children
aged 6 to 8 years on their advertising literacy. The results demonstrated contrasting
patterns between the control and intervention groups.

Inthe control group not exposed to the advertising disclosure, there was a significant
reduction in overall advertising literacy scores from pretest to posttest, driven by declines
in brand recognition, source recognition, and understanding of selling intent. This finding
aligned with previous research showing children under 7 years have limited ability to
recognize advertising and comprehend its persuasive intent.!

In contrast, the intervention group who received the child-inspired advertising
disclosure of “This person received money to use the product in this content” maintained
their overall advertising literacy. While modest, nonsignificant decreases occurred for
brand and source recognition, this was offset by stable understanding of persuasive intent
and a trend toward improved understanding of selling intent.

The disclosure’s ability to prevent the reduction in advertising literacy observed in
controls, particularly for the more complex concepts of persuasive and selling intent,
supports its potential efficacy in this age group. As persuasion knowledge has been
identified as a key component of advertising literacy, enhancing understanding of
an advertisement’s external source and intent to influence behavior appears critical.’ '?

Notably, the intervention’s effect on advertising literacy persisted at the 3-month
follow-up in both groups, suggesting a durable impact. This stability over time further
reinforces the potential value of this disclosure approach.

The results are consistent with prior studies demonstrating that by age 8, most children
can generally recognize advertising sources and selling intent, though persuasive intent
understanding remains limited until later ages.>'* The discrepancy between this study’s
findings for selling intent versus persuasive intent aligned with this developmental trajectory.

Concurrent with guidelines from the FTC, the use of prominent, easily understood
language tailored for the child audience likely contributed to the disclosure’s efficacy.®
Previous qualitative work has highlighted children’s difficulties comprehending terms
like “sponsored” or “advertisement”.’ The more explicit phrasing used here, stating
the influencer “received money” to promote the product, may have enhanced its salience
and strengthened the advertising literacy impact.

Several limitations should be noted, including the small sample size, although this
pilot study has provided a basis for future larger trials. Only one disclosure format was
tested, so evaluating alternative phrasing and presentations represent important areas for
subsequentresearch. Exploring additional outcomes like brand attitudes, purchase intentions,
and covert persuasion resistance would further elucidate the real-world implications.

Conclusions

This study has provided initial evidence that a tailored advertising disclosure can
promote advertising literacy among primary school-aged children, protecting against
declines in persuasion recognition otherwise observed in this vulnerable demographic.
Ongoing refinement and testing of developmentally appropriate disclosure approaches
represents a key step toward safeguarding children’s interests in an increasingly
commercialized media landscape.
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Abstract

In the past, classroom lectures and laboratory instruction using mannequins in
simulated settings constituted the main modes of instruction in health science institutions.
This approach encouraged students to see, understand, touch, and connect different
concepts and principles, bridging theory with practice. It enabled them to develop skills,
apply these skills in real-life situations, boost their confidence, and make informed clinical
decisions. The traditional teaching methods for preparing students for practical training
serve as models. However, despite modern technological advancements, these methods
still face limitations in fostering interaction, communication, and emotional expression.
In fact, communication between service providers and service recipients is important and
indispensable, particularly in areas such as psychiatric care, history-taking for disease
diagnosis and health counseling. As a result, learners may not develop communication
skills or be able to interact with service recipients, potentially leading to ineffective
decision-making in practice. Therefore, using standardized patients offers an effective
alternative to developing students’ skills. The purpose of this article is to present a
comprehensive approach to teaching and learning with standardized patients at every
stage of simulation-based education. It includes the characteristics of standardized
patients, along with the advantages and limitations from individual and organizational
policy perspectives, providing guidelines for preparing health science students for
practical training in the future. However, the use of standardized patients in the teaching
and learning process requires preparation by the department, teachers, students, and
the standardized patients themselves. This preparation is essential to achieve learning
objectives and maximize the efficiency of teaching and learning in simulated situations.

Keywords: Standardized patient, Health sciences, Simulation-based learning
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