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@ All original articles will be reviewed by the Edito-
rial Board and at least 2 external experts. Original articles
should be about 10-15 pages of A4 paper, size 16 of TH
SarabunNew font, single space, with margins of at least
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1. Cover sheet with research title, author's name
and institution
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keywords
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ratory results, discussion, and references.
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to write an aricle related to the original article that will be
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references.
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Board. Letters to the Editor may be short clinical reports
consisting of no longer than 4 pages of A4 paper with
single space, no more than 10 references, and reader’s
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® Residents’ Clinic is an interesting case, reported
by Residency and advisors, containing details and about
5 questions, followed by discussion, references, and the
corresponding answers.

® (Quiz contains radiographic images or pictures of
various parts of patient body, pictures from blood or blood
test results, or laboratory results, and questions, answers,
additional explanation, and references.

® Conference highlight is a summary of interesting
topics from both domestic and international conferences
to inform those who could not participate in. The confe-
rence highlight is not longer than 5 pages of A4 paper
with single space.

® Abstract review from foreign language or Thai
articles which were recently published, with short discus-
sion.

® Special article

® Miscellaneous is a general article about medical
affairs

Manuscript Preparation

® Print the manuscript on A4 paper, single sided
with single space and margins at least 2.5 ¢cm from all
edges and page numbers on top right of every page.

® The first page consists of the title, the author's
name and surname, qualifications, and workplace (both in
Thai and English). The title should be short and relevant
to the objective and the main text.

® The second page contains no more than 250 words
of abstract in Thai and in English, the title, and the au-
thor's name (both in Thai and in English)

® The text should be simple and concise. If the
manuscript is in Thai, follow the rules according to the

Royal Institute Dictionary. Do not use punctuation marks.

Use only Thai words except English words that cannot be
translated clearly. If an abbreviation is not universal, indi-
cate the full word when first used. For drugs, use generic
names (in bracket when necessary).

® Tables are printed separately. Each table has a
title in the order of appearance in the text.

® Use black-and-white figures or ink-based images
with a title in the order of appearance in the text.

® Explanation of figures is printed separately with
concise messages.

® In-text citations is in numeric order with Arabic
numbers (superscript) and without bracket.

® Use Vancouver reference style, by “International
Committee of Medical Journal Editors: ICMJE” in the order
of appearance in the text. Abbreviation of journal names
is written according to the Index Medicus.

® All references are written in English. If the source
of references is in Thai or other foreign languages, there
must be an article title and the author's name in English

in the text or the source of those references.

Examples of References
Articles in Journals

® Write the names of all authors if there are no more
than 6 others, otherwise, write the names of the
first six authors followed by et al. The format is the
surname and the initial of the first name.
Kaewput W, Thongprayoon C, Mungthin M, Jinda-
rat S, Varothai N, Suwannahitatorn P, et al. Tem-
poral trends in optimal diabetic care and com-
plications of elderly type 2 diabetes patients in
Thailand: A nationwide study. J Evid Based Med.
2019;12(1):22-8.

® Organization(s) as author
The European Atrial Fibrillation Trial Study Group.
Optimal oral anticoagulant therapy in patients with
nonrheumatic atrial fibrillation and recent cerebral
ischemia. N Engl J Med. 1995;333(1):5-10.

® Both personal authors and organization as author

Chittawatanarat K, Sataworn D, Thongchai C; Thai



Society of Critical Care Medicine Study Group.
Effects of ICU characters, human resources and
workload to outcome indicators in Thai ICUs: the
results of I[CU-RESOURCE I study. J Med Assoc
Thai. 2014;97(Supp! 1):522-30.

Books and other Monographs

Personal author(s)

Murray PR, Rosenthal KS, Kobayashi GS, Pfaller
MA. Medical microbiology. 4" ed. St. Louis:
Mosby; 2002.

Author(s) and editor(s)

Breedlove GK, Schorfheide AM. Adolescent preg-
nancy. 2™ ed. Wieczorek RR, editor. White Plains
(NY): March of Dimes Education Services; 2001.
Organization(s) as author

American Occupational Therapy Association, Ad
Hoc Committee on Occupational Therapy Man-
power. Occupational therapy manpower: a plan for
progress. Rockville (MD): The Association; 1985.
84p.

Chapter in a book

Meltzer PS, Kallioniemi A, Trent JM. Chromosome
alterations in human solid tumors. In: Vogelstein
B, Kinzler KW, editors. The genetic basis of human

cancer. New York: McGraw-Hill; 2002. p.93-113.

Electronic Material Reference

® Journal article on the Internet

Abood S. Quality improvement initiative in nursing
homes: the ANA acts in an advisory role. Am J Nurs
[Internet]. 2002 [cited 2002 Aug 12];102(6):[about 1
p.]l. Available from: https://ovidsp.tx.ovid.com/
Article with a Digital Object Identifier (DOI)
Zhang M, Holman CD, Price SD, Sanfilippo FM,
Preen DB, Bulsara MK. Comorbidity and repeat
admission to hospital for adverse drug reactions
in older adults: retrospective cohort study. BMJ.
2009;338:a2752. doi:10.1136/bmj.a2752.

Monograph on the Internet

Foley KM, Gelband H, editors. Improving palliative
care for cancer [Internet]. Washington: National
Academy Press; 2001 [cited 2002 Jul 9]. Available
from: https://www.nap.edu/catalog/10149/improv-

ing-palliative-care-for-cancer.
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Original article

Factors Affecting Mortality in Heart Failure Patients at Tha Luang

Hospital, Lopburi Province

Sirikorn Pikulkaew !, Chanikan Buranabunwong !, Tidakarn Junkorn?, Pornsopa Kaewdangdee ?,

and Wisit Kaewput

! Sixth-year Medical Student, Phramongkutklao College of Medicine, Bangkok 10400, Thailand

? Expert Registered Nurse, Tha Luang Hospital, Lopburi 15230, Thailand

? Department of Community Medicine, Phramongkutklao College of Medicine, Bangkok 10400,
Thailand

Abstract

Background: Heart failure is a major global health problem, associated with impaired
quality of life, frequent hospitalizations, and high mortality, particularly in advanced stages.
Identifying risk factors for in-hospital mortality is essential to optimize management, improve
outcomes, and reduce the burden on healthcare systems. Methods: This retrospective cohort
study analyzed patients admitted with heart failure to a community hospital. Competing risk
regression analysis was employed to identify clinical and laboratory factors associated with in-
hospital mortality. Variables included demographic characteristics, comorbidities, laboratory
findings, and clinical parameters. Results: The analysis revealed that female sex, smoking,
elevated serum hemoglobin levels, higher serum creatinine levels, and increased heart rate
were significantly associated with an increased risk of in-hospital mortality. Conversely, a higher
body mass index (BMI) was significantly associated with a lower risk of mortality. Conclusions: In
this cohort of heart failure patients, female sex, smoking, higher hemoglobin, elevated creatinine,
and increased heart rate emerged as significant predictors of mortality, while higher BMI
demonstrated a protective effect. These findings underscore the importance of integrating
clinical, laboratory, and lifestyle factors into risk stratification models. Improved recognition of
these predictors may support more tailored and effective management strategies for heart

failure, particularly in community hospital settings where resources are limited.

nvasuwndnusun U9 78 atuil 4 nanau-Sunnau 2568



258 Factors Affecting Mortality in Heart Failure Patients

Keywords @ Heart failure @ In-hospital mortality @ Risk factors @ Lifestyle behaviors @
Community hospital

RTA Med J. 2025;78(4):256-70

Received 27 September 2025 Corrected 19 December 2025 Accepted 20 December 2025

Correspondence should be addressed to Author: Wisit Kaewput, Department of community medicine, Phramongkutklao college

of medicine E-mail: wisit_nephro@hotmail.com

Background

Heart failure is a complex and life-threatening condition that significantly impacts
patients' quality of life and contributes to increasing morbidity and mortality rates worldwide .!
This is particularly evident in the late stages of the disease, where mortality rates rise
significantly. Additionally, frequent hospitalizations may further deteriorate patients' quality of
life and impose a substantial burden on the healthcare system.? Early detection and appropriate
management of heart failure can help mitigate disease severity, slow its progression, and reduce
hospitalization rates.’

Although heart failure is commonly encountered in clinical practice, patient prognosis
and recovery rates depend on multiple factors. These include patient age, underlying
comorbidities such as diabetes and hypertension, laboratory findings, and residual cardiac
function (e.g. ejection fraction). Moreover, external factors such as smoking, alcohol
consumption, and medication use, particularly diuretics, play a crucial role in predicting and
evaluating treatment outcomes in heart failure patients.*

Given these challenges, the research team conducted the study entitled “Factors
Influencing In-Hospital Mortality Among Heart Failure Patients” to investigate determinants of
mortality among patients with heart failure at Tha Luang Hospital, Lopburi Province. Understanding
these factors is essential for strengthening healthcare strategies and optimizing patient
management. The findings from this study may contribute to improved patient outcomes,

enhanced quality of life, and a reduced long-term burden on the public health system.

Material and methods
This study was conducted as a retrospective cohort study. After obtaining approval from

the Institutional Review Board (IRB), data collection was carried out using patient records from
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the hospital database of Tha Luang Hospital, Lopburi Province, covering the period from 2018 to
2024. A total of 483 patients were included in the study to analyze the factors influencing
clinical outcomes and disease prognosis among heart failure patients.

The study population was categorized into three groups based on patient status at
hospital discharge: Discharge with approval — 420 patients, Referral to a higher-level hospital —
44 patients, Death — 18 patients. Since the primary outcome of interest was in-hospital mortality
(Death), the study employed a competing risk regression model (Fine & Grey model) to evaluate
the factors influencing mortality risk in heart failure patients at Tha Luang Hospital, Lopburi
Province (Figurel). The competing events, which included discharge with approval and referral
to a higher-level hospital, were considered in the analysis to ensure an accurate estimation of

mortality risk while accounting for alternative outcomes.

Model 1
Discharge with
-| approval
n=420
Refer
: n=44
Death
n=18
Admission
n= 483
Model 2
Discharge with
-| approval, refer
n= 464

O

Admission
n= 483

Death
n=18

Figure 1 The study population was categorized into three groups based on patient status at

hospital discharge
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Operational definitions

1. Heart Failure is a clinical condition in which the heart is unable to pump blood
sufficiently to meet the body's demands. The condition is caused by structural or functional
abnormalities of the heart, including impaired contraction or relaxation. It can be assessed using
biomarkers such as Natriuretic Peptides and evidence of elevated pulmonary or circulatory
pressure. Heart failure is classified based on Ejection Fraction (EF) and disease stage to guide
treatment planning and risk prevention.’

2. Intubation is a medical procedure in which an endotracheal tube is inserted through
the mouth or nose into the trachea to assist with breathing. It is typically performed in cases
where the patient is unable to breathe adequately on their own, such as in respiratory failure,
major surgery, or during intensive care unit (ICU) management. The procedure helps maintain
respiratory function and enhances patient safety during treatment.®

3. Multi-organ failure refers to the dysfunction or failure of two or more vital organ
systems.” It is commonly a consequence of a severe inflammatory response, such as sepsis
(systemic infection) or major trauma. MOF can affect various organ systems, including
the respiratory system, kidneys, liver, and cardiovascular system. Symptoms vary depending on
the affected organs, with conditions such as acute respiratory distress syndrome (ARDS), Acute

Kidney Injury (AKI), or hepatic dysfunction being common complications.®’

Study population

The study included patients aged 25 years or older who had been diagnosed with heart
failure and had their medical records documented in the hospital database of Tha Luang
Hospital, Tha Luang Subdistrict, Tha Luang District, Lopburi Province. Data were collected from

2018 to 2024 to analyze patient outcomes and prognostic factors.

Data collections

This was a retrospective cohort study using secondary data from individuals aged 25
years or older, who had been diagnosed with heart failure. The data is collected from the
medical records of Tha Luang Hospital, located in Tha Luang Subdistrict, Tha Luang District,
Lopburi Province. The data covered from 2018 to 2024. The inclusion criteria for participants

included all patients aged 25 years or older, diagnosed with heart failure, and whose records are
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available in the medical database of Tha Luang Hospital, Lopburi. In cases of recurrent heart
failure, the most recent treatment episode was considered for the study. There were no

exclusion criteria.

Outcome measurements

The study calculated the subdistribution hazard ratio (SHR), 95% confidence interval
(95% ClI) for each factor, and p-value to identify factors influencing mortality rates in heart failure
patients. Data were collected retrospectively from the Tha Luang Hospital database in Lopburi

Province from 2018 to 2024.

Statistical analysis

Continuous variables were summarized as means + standard deviation (SD), while
categorical variables were presented as frequencies and percentages. Baseline characteristics of
the study population were described accordingly. The Elixhauser comorbidity index was
calculated to assess the comorbidity burden.

To analyze factors associated with in-hospital mortality, the Fine and Gray subdistribution
hazard model for competing risks regression was applied. This model accounts for competing
events that may preclude the occurrence of the event of interest (death from heart failure) and
provides a more accurate estimate of the cumulative incidence of the outcome. Both univariate
and multivariate competing risk regression analyses were performed. In the univariate analysis,
each variable was entered individually into the Fine and Gray model to estimate its association
with mortality. Variables with a p-value < 0.20 in the univariate model, along with clinically
relevant covariates, were subsequently included in the multivariate model to adjust for
potential confounding factors.

Results from the regression analyses were expressed as subdistribution hazard ratios
(SHRs) with 95% confidence intervals (Cls) and corresponding p-values. An SHR > 1 indicated an
increased risk of mortality, whereas an SHR < 1 indicated a decreased risk. The level of statistical
significance was set at p < 0.05. Model assumptions were verified, including proportionality of
hazards, and sensitivity analyses were conducted where necessary. The cumulative incidence

function (CIF) was estimated to illustrate the probability of mortality over time while accounting
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for competing risks. All analyses were conducted using Stata version 17.0 (StataCorp LLC, College

Station, TX, USA). Additional factors were also analyzed.

Ethical considerations

This research study was approved by the Human Research Ethics Committee and the
Department of Medicine, Royal Thai Army, with approval number M040h/67 Exp. The study
utilized data from the database of Tha Luang Hospital, Lopburi Province, which may include
personal identifiers or numbers that could potentially identify the study participants. Therefore,
the data were stored in a password-protected file, accessible only to the research team, and

were never disclosed to ensure patient privacy.

Results

In this study, 483 patients aged 25 years or older were diagnosed with heart failure. The
majority were female (60.04%), with a mean age of 67 years. Most participants were employed
as laborers (74.12%). Hypertension and hyperlipidemia were the most common comorbidities,
observed in 77.91% and 69.15% of patients, respectively. There were 18 in-hospital deaths,
accounting for 3.73% of the cohort (Table 1).

Table 1 Baseline demographic data of patients diagnosed with heart failure at Tha Luang

Hospital, Tha Luang District, Lopburi Province (n=483)

n %
Sex
Male 193 39.96
Female 290 60.04
Age
Mean+SD 67.35+14.58
68 (28-96)
Median (min-max)
Occupation
Unemployed 125 25.88
Employed 358 74.12
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n %

Healthcare entitlement

Universal coverage scheme 429 88.82

Social security scheme 14 29

Government office scheme 40 8.28
Discharge status

With approval 420 87.14

Refer a4 9.13

Death 18 3.73
BMI

< 185 32 6.63

18.5-25 150 31.06

25-30 89 18.43

>30 212 43.89

Mean+SD 26.03+£7.00

24.87 (13.41-57.84)
Median (min-max)

Smoking status

Non-smoker 416 86.13
Ex-smoker 28 58
Active smoker 39 8.07

Alcohol drinking
Non-drinker 400 82.82
Active drinker 83 17.18

Underlying disease

Diabetes mellitus 216 44.72
Hypertension 385 77.91
Dyslipidemia 334 69.15
Chronic kidney disease 230 47.62
Atrial fibrillation 98 20.29
Chronic obstructive 45 9.32

pulmonary disease
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n %

Myocardial infarction 61 12.63
Influenza vaccination status

Not received 276 57.14

Received 207 42.86
Bronchodilators use

No 388 80.33

Yes 95 19.66
Intubation status

No 340 70.39

Yes 143 29.61
Length of hospitalization

Mean+SD 4.21+3.64

Median (min-max) 3 (0-23)

Vital signs
Mean arterial pressure
Mean+SD
Median (min-max)
Respiratory rate
Mean+SD
Median (min-max)
Pulse rate
Mean+SD
Median (min-max)
Lab investigations
Serum sodium (mEg/L)
Mean+SD
Median (min-max)
Serum creatinine (mg/dL)
Mean+SD

Median (min-max)

101.57+21.29
99.6 (54-183.66)

23.51+£5.98
22 (15-46)

93.23+23.77

92 (34-190)

137.75+5.46

138.2 (108.9-154.7)

1.49+1.67
1.1 (0.31-18.38)
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n %
Hemoglobin (g/dL)
Mean+SD 11.21+2.49
Median (min-max) 11.3 (3-18.5)

Competing risk regression analysis revealed that higher body mass index (BMI) was
significantly associated with a reduced risk of death (SHR 0.85, 95% CI 0.74-0.97, p = 0.02).
Increased heart rate was significantly associated with a greater risk of death (SHR 1.02, 95% Cl
1.01-1.04, p = 0.01). Serum creatinine showed a non-significant trend toward increased mortality
risk (SHR 1.15, 95% Cl 0.99-1.34, p = 0.07), while mean arterial pressure suggested a possible
protective effect (SHR 0.97, 95% Cl 0.95-1.00, p = 0.09) (Table 2, 3).

Table2 Bivariate analysis of cause-specific hazard ratio for heart failure patients

Parameter SHR p-value 95% confidence interval
Age 1.02 0.10 0.99 - 1.06
Sex (female) 2.29 0.15 0.75 - 7.00
Employment 2.84 0.16 0.66 - 12.32
Comorbidities 1.16 0.51 0.75-1.78
BMI 0.85 0.02 0.74 - 0.97
Received influenza vaccination 1.32 0.55 0.53-332
Smoking 0.63 0.47 0.18 - 2.19
Alcohol drinking 0.28 0.22 0.04 - 2.12
Respiratory rate 1.04 0.26 097 -1.13
Pulse rate 1.02 0.01 1.01-1.04
Mean arterial pressure 0.97 0.09 0.95 - 1.00
Hemoglobin 0.96 0.65 0.82-1.13
Serum creatinine 1.15 0.07 0.99 - 1.34
Serum sodium 0.99 0.24 0.98 - 1.00
Intubation 1.94 0.16 0.77 - 491
Bronchodilator 0.51 0.37 0.12- 220

Table 3 Multivariate analysis of cause-specific hazard ratio for heart failure patients
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Parameter Subdistribution hazard p-value 95% confidence interval
Age 1.03 0.11 0.99-1.08
Sex (female) 9.64 0.02 1.45-64.09
Comorbidities 1.09 0.81 0.53-2.24
BMI 0.87 0.00 0.80-0.95
Receive Influenza vaccine 0.97 0.97 0.18-5.19
Smoking 8.73 0.00 2.40-3.17
Respiratory rate 1.07 0.06 0.99-1.15
Pulse rate 1.02 0.04 1.01-1.05
Mean arterial pressure 0.98 0.56 0.94-1.03
Hemoglobin 1.4 0.01 1.10-1.79
Serum creatinine 1.69 0.00 1.35-2.11
Serum sodium 0.99 0.56 0.98-1.01
Intubation 1.1 0.86 0.34-3.51

Further analysis demonstrated that female patients had a 9.64-fold higher risk of death

compared with male patients (95% Cl 1.45-64.09, p = 0.02). Smoking was strongly associated

with mortality, with smokers exhibiting an 8.73-fold higher risk compared with non-smokers (95%

Cl 2.40-31.7, p < 0.001). Increased BMI remained significantly protective (SHR 0.87, 95% ClI 0.80-

0.95, p < 0.001). Elevated serum hemoglobin (p = 0.01) and serum creatinine (p < 0.001) were

also significantly associated with a higher risk of death.

0.75

1.00
1

0.25 0.50
L 1

0.00
L

Kaplan—Meier survival estimate

T

T T T
0 5 10 15
Admission day

20

Figure 2 The Kaplan-Meier graph shows the survival rate over time. The X-axis represents the

duration of survival following hospital admission. The Y-axis represents the probability of

survival, expressed as a percentage.
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Other variables, including age, comorbidities, respiratory rate, mean arterial pressure,
serum sodium, intubation, and influenza vaccination, were not significantly associated with
mortality. Survival curve analysis showed an initial steep decline in survival during the first 10

days of hospitalization, after which the curve stabilized (Figure 2).

Discussion

This study identified several significant predictors of in-hospital mortality in patients with
heart failure, including female sex, smoking, higher hemoglobin, elevated creatinine, and
increased heart rate, while higher BMI was protective. Increased body mass index (BMI) was
consistently associated with a reduced mortality risk. This finding supports the concept of the
“obesity paradox,” whereby patients with higher BMI may have greater metabolic reserve and
enhanced production of adipose-derived cytokines, such as leptin and adiponectin, which exert
anti-inflammatory and cardioprotective effects.'® These mechanisms may help explain the lower
mortality observed in patients with higher BMI compared with those with lower BMI.

In contrast, elevated heart rate was significantly associated with increased mortality,
highlighting the prognostic importance of tachycardia in heart failure. This may reflect underlying
pathophysiological conditions such as arrhythmia or systemic complications like sepsis, both of
which warrant close clinical attention. Elevated serum hemoglobin and serum creatinine were
also significantly associated with increased mortality risk, consistent with the established link
between impaired renal function, hematologic abnormalities, and adverse outcomes in heart
failure.”’

Female sex was associated with a markedly higher risk of mortality compared with males.
However, the wide confidence interval suggests variability within the female subgroup and the
possibility of an insufficient sample size. Smoking was another strong predictor of mortality,
reinforcing the detrimental impact of lifestyle-related risk factors on heart failure outcomes.

Other variables, including age, comorbidities, respiratory rate, mean arterial pressure,
serum sodium, intubation, and influenza vaccination, did not show significant associations in this
study. The survival curve further demonstrated that the highest risk of mortality occurred during

the first 10 days of hospitalization, after which survival stabilized, suggesting that early
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hospitalization is a particularly vulnerable period requiring intensified monitoring and
intervention.

Several limitations should be acknowledged. First, this study was conducted at a small
community hospital, which limited the overall sample size. This may explain the wide
confidence intervals observed for certain variables, such as sex, despite their significant
associations with mortality. Second, the transition to a paperless medical record system in 2020
resulted in missing data from earlier periods, which could have influenced data completeness.
Third, the hospital’s limited access to advanced cardiac investigations, such as echocardiography,
restricted the analysis to basic laboratory results. Fourth, the relatively short study period
prevented assessment of other clinically relevant outcomes, including ventilator requirements,
hospital costs, or multi-organ failure. Finally, information on hospital management variables,
such as the cost of care and procedural details, was insufficient and could not be analyzed.

Despite these limitations, the findings have several important implications for healthcare
delivery. Public health interventions aimed at smoking cessation should be prioritized, both
through patient education and supportive policies to sustain long-term behavioral change.
Regular monitoring of renal function in patients with concomitant kidney disease is essential,
alongside health promotion strategies such as dietary counseling, lifestyle modification, and
avoidance of nephrotoxic agents. Hospital resource management could also benefit from these
results, particularly in anticipating the need for ventilator support and optimizing ward capacity.
Moreover, the findings support the ongoing role of nutritional education in patients with kidney
disease, as many risk factors for kidney and cardiac conditions overlap. Finally, the development
of a risk scoring system based on the identified predictors may facilitate early identification of
high-risk patients and enable timely referral to higher-level hospitals, thereby improving

outcomes in community settings.

Conclusion
A study on factors associated with the risk of mortality from heart failure using competing
risk regression analysis found that significant factors associated with an increased risk of mortality

from heart failure included female sex, smoking, higher serum hemoglobin levels, higher serum
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creatinine levels, and increased heart rate. Conversely, a higher body mass index was significantly

associated with a reduced risk of mortality from heart failure.
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Abstract

Background: The median sternotomy approach in cardiac surgery can lead to a
postoperative decrease in respiratory muscle strength, which in turn reduces patients' functional
capacity. However, studies investigating the addition of inspiratory muscle training (IMT) to
outpatient cardiac rehabilitation (CR) programs are limited. Objective: To evaluate the effects of
threshold IMT combined with an outpatient CR program on inspiratory muscle strength and
submaximal exercise capacity in post-cardiac surgery patients. Method: The present randomized,
double-blind, sham-controlled trial included 16 eligible post-cardiac surgery patients with
median sternotomy. Participants were randomized into two groups. The IMT group (n=7)
received a 12-week program of moderate-intensity aerobic exercise-based cardiac rehabilitation
combined with progressive threshold IMT. The sham group (n=9) participated in the same
cardiac rehabilitation program but used an IMT device with a fixed, minimal resistance. The
resistance settings of the IMT devices were blinded for both groups. The primary outcome,
maximal inspiratory pressure (MIP), and the secondary outcome, six-minute walk distance
(6MWD) as a measure of submaximal exercise capacity, were assessed at baseline, 6 weeks, and
12 weeks. Results: The mean change in MIP from baseline was significantly greater in the IMT

group compared with the sham group at both 6 weeks (29.29 vs 6.67 cmH,0; p=0.003) and 12
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weeks (37.00 vs 14.78 cmH,0; p=0.001). There was no statistically significant difference in the
mean change in 6MWD between the two groups at 6 weeks (p=0.135) or 12 weeks (p=0.629).
Conclusion: The addition of a 12-week threshold inspiratory muscle training to outpatient cardiac
rehabilitation in post-cardiac surgery patients demonstrated a statistically significant increase in
inspiratory muscle strength. Nevertheless, no significant enhancement in submaximal exercise

capacity is observed when compared with the sham-device control group.
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Introduction

Cardiac surgery, including procedures such as coronary artery bypass grafting and valve
replacement, is a common treatment for cardiovascular diseases. Data from the Association of
Thoracic Surgeons of Thailand show a rising trend, with 7,748 coronary artery bypass surgeries
performed in 2023.' The standard median sternotomy approach, however, can lead to a
postoperative decrease in lung function and respiratory muscle strength, which in turn reduces
patients' functional capacity and quality of life.”

Inspiratory muscle training (IMT) is a technique designed to increase the strength and
endurance of inspiratory muscles using a threshold loading device such as Threshold IMT®,
Respironics which provides a flow-independent, pressure-threshold resistance that activates only
when the patient generates sufficient inspiratory pressure to overcome a preset load. This
mechanism ensures a consistent and measurable training intensity, facilitating progressive
strengthening of the inspiratory muscles. It is an established intervention for patients with
chronic obstructive pulmonary disease (COPD)® and chronic heart failure.” Previous studies
conducted during inpatient cardiac rehabilitation (CR) have shown that short-term breathing
exercises can reduce postoperative complications and increase maximal inspiratory pressure

(MIP) and six-minute walk distance (6MWD) compared with standard rehabilitation alone.”*
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Despite these findings, there is a limited number of randomized controlled trials
evaluating the efficacy of IMT in patients who have undergone median sternotomy and are
participating in outpatient (Phase Il) CR programs. Therefore, the objective of the present study
was to investigate the efficacy of IMT combined with outpatient phase cardiac rehabilitation
program in improving inspiratory muscle strength and submaximal exercise capacity in this

patient population.

Materials and methods
Type of study

This randomized, double-blind, sham-controlled trial was approved by the Institutional
Review Board of the Royal Thai Army Medical Department (No. R054h/2560) and registered with
the Thai Clinical Trials Registry (TCTR20250818022). Data were collected from July 1, 2017 to

September 1, 2018.

Sample size calculation
The sample size was calculated based on data from Hermes et al.!!, targeting a final
sample of 20 subjects to detect a significant difference in MIP with 80% power, an alpha of 0.05,

and accounting for a 20% dropout rate.'?

Participants

Eligible participants were patients aged 18-75 years who had undergone median
sternotomy at Phramongkutklao Hospital and were enrolled in the outpatient CR program within
four weeks of surgery. All participants provided written informed consent. Exclusion criteria
included contraindications to exercise testing as defined by the American College of Sports

Medicine (ACSM) guidelines.*

Randomization and Blinding

Eligible participants were allocated into two groups using block randomization (block size

= 4) with sequentially numbered, opaque, sealed envelopes. Both the participants and the
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outcome assessor were blinded to group assignments. Participants in both groups received a
threshold IMT device (Threshold IMT®, Philips Respironics, USA) that had the pressure scale
numbers covered with an opaque black Velcro-like plastic strap to conceal the resistance gauge,
which could be unwrapped for pressure adjustment (Figure 1). The effectiveness of blinding
was assessed by asking participants to identify their perceived group allocation at the end of

study.

A. B.

Figure 1 Respironics® threshold IMT device. A) normal device B) IMT wrapped in opaque black

plastic for double blinding

Intervention

All participants received standard outpatient CR, which included moderate-intensity aerobic
exercise for at least 150 minutes per week. Supervised walking exercise training with ECG
telemetry was performed in the outpatient CR clinic. Exercise intensity was prescribed using
Borg’s rate perceived exertion 11-13, the heart rate = resting plus 20-30 formula,'® and the talk

test for self-monitoring of moderate intensity during at home.

e |IMT Group: In addition to standard care, this group used the threshold-loading IMT device
(Threshold IMT®, Philips Respironics, USA) at home at an initial supervised training intensity
set at 30% of the baseline MIP. The protocol consisted of breathing through the device for
2-minute cycles at a rate of 6-10 breaths/minute, with a 1-minute rest between cycles, for

5-7 cycles per session, once daily, seven days a week. The resistance was increased by 5-
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10% of the initial MIP every 2-3 weeks, reaching 60-70% of the initial MIP by the end of the
12-week program.

e Sham Group: This group followed the same training schedule but used a device with the
resistance fixed at the lowest setting (7 cmH,0). This level of resistance has been shown to
be insufficient to elicit a significant training effect on MIP.* The resistance was not adjusted

during the study.

Outcome Measurements

Outcomes were measured at baseline, 6 weeks, and 12 weeks.

e Primary Outcome: The primary outcome was MIP, measured in cmH,0O using a MicroRPM
device (Micro Medical/Carefusion, Kent, UK) (Figure 2). The measurement was performed
with the participant seated. The best of three maximal inspiratory efforts, with values within
10% of each other, was recorded.>’

e Secondary Outcome: The secondary outcome was submaximal exercise capacity,
measured by the six-minute walk distance (6MWD) in meters, following the American

1819 and training related adverse effects.

®
@\

P
'."

Thoracic Society guidelines

Figure 2 MIP measurement device with single-use cylindrical paper mouthpiece

Statistical Analysis

Data were analyzed using SPSS version 23.0. The Shapiro-Wilk test was used to assess

the normality of data distribution. Within-group changes in MIP and 6MWD over time were
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analyzed using one-way repeated measures ANOVA with Bonferroni correction. Between-group
differences in the mean changes from baseline were compared using an independent t-test. A

p-value < 0.05 was considered statistically significant.

Results

Of the 38 patients assessed for eligibility, 16 completed the 12-week study protocol (7 in
the IMT group and 9 in the sham group). The reasons for exclusion or dropout are detailed in
the CONSORT diagram (Figure 3). There were no significant differences in baseline demographic

or clinical characteristics between the two groups (Table 1).

Enrollment

Assesses for eligibility (n=38)

Randomized (n=20)

Excluded (n=18)

v

® Mot meeting inclusion criteria (n=16)

® Declined to participate (n=2)

Allocation

Y

Allocated to intervention (IMT) (n=10) Allocated to control (SHAM) (n=10)

l Follow-up
v

Lost to follow-up (n=3) Lost to follow-up (n=1)

® | ost contact by telephone (n=2) ®  Participant withdrew due to

®  Participant withdrew due to inconvenience to follow-up (n=1)

inconvenience to follow-up (n=1)

l Analysis l

Analyzed (n=7) Analyzed (n=9)

I I I‘

Figure 3 CONSORT flow diagram

Royal Thai Army Medical Journal Vol. 78 No. 4 October-December 2025



Kwanchuay et al.

Table 1 Baseline characteristic of the participants

279

IMT Sham
(n=7) (n=9)

Age 54.86+3.53 57.33+8.97
Sex n (%)

male 6(85.71) 6(66.67)

female 1(14.29) 3(33.33)
Disease n (%)

CABG 5(71.43) 6(66.67)

valvular heart disease 2(28.57) 2(22.22)

others : 1(11.11)
Risk stratification for cardiac patients n (%)

low 3(42.86) 5(55.56)

moderate - 2(22.22)

high 4(57.14) 2(22.22)
Ejection fraction 46.06+19.03 60.00+£13.15
Height 1.69+0.05 1.64+0.09
Weight 66.63+10.88 63.08+10.20
BMI 23.15+3.18 23.28+2.83
MIP before program 49.71+14.02 49.67+18.93
6MWD before program 378.8+116.58 343.87+69.02

Maximal Inspiratory Pressure (MIP)

Within-group analysis showed that MIP increased significantly from baseline in both
groups. In the IMT group, MIP increased from 49.71 + 14.02 cmH,0 at baseline to 79.00 + 23.59
cmH,0 at 6 weeks (p=0.003) and 86.71 + 15.87 cmH,O at 12 weeks (p<0.001). In the sham group,
MIP increased from 49.67 + 18.93 cmH,0 at baseline to 56.33 + 18.30 cmH,0 at 6 weeks

(p=0.041) and 64.44 + 17.17 cmH,0O at 12 weeks (p=0.020) (Figure 4).
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Figure 4 Maximal inspiratory pressure (MIP) at baseline, 6 weeks, and 12 weeks in the IMT group

*p < 0.05 compared with baseline; tp < 0.05 compared with 6 weeks (within-group comparison)

The between-group comparison, which was the primary analysis, revealed that the mean
improvement in MIP from baseline was statistically significantly greater in the IMT group than in
the sham group at both 6 weeks (mean difference: 22.62 cmnH20, p=0.003) and 12 weeks (mean

difference: 22.22 cmH20, p=0.001) (Table 2).

Table 2 Comparison of mean difference from before program between IMT and Sham group

IMT Sham p-value
(Mean%SD) (MeanzSD)
6MWD
6wk after training 61.43+66.88 25.14+15.78 0.135
12wk after training 61.64+61.00 49.20+39.65 0.629
MIP
6wk after training 29.29+13.00 6.67+6.34 0.003*
12wk after training 37.00+9.04 14.78+12.18 0.001*

* p<0.05

Six-Minute Walk Distance (6MWD)

In the IMT group, the 6MWD did not increase significantly from baseline (378.8 + 116.58

m) to 6 weeks (440.23 + 68.08 m; p=0.153) or 12 weeks (440.23 + 68.08 m; p=0.111). In the sham

Royal Thai Army Medical Journal Vol. 78 No. 4 October-December 2025



Kwanchuay et al. 281

group, the 6MWD increased significantly from baseline (343.87 + 69.02 m) to 6 weeks (369.01 +

72.57 m; p=0.004) and 12 weeks (393.07 + 78.26 m; p=0.018) (Figure 5).

500.00
[1h]
((_J_'
450,80 [ 440.23 [ 440.44
.
400.8 378.80 T
© f 1 393.07
T
- 1369.01
L s43.67 e MT Sham
300.00
start Bwk 12wk

Figure 5 Six-minute walk distance (6MWD) at baseline, 6 weeks, and 12 weeks in the IMT group.

*p < 0.05 compared with baseline; tp < 0.05 compared with 6 weeks (within-group comparison)

When comparing the change from baseline between groups, there was no statistically
significant difference in the improvement of mean change of 6MWD at 6 weeks (p=0.135) or 12

weeks (0=0.629) (Table 2).

Adverse effects

Nine participants (six in the IMT group, three in the sham group) reported mild, transient
chest wall pain during the first 1-2 weeks of using the device. This pain was tolerable, did not
require discontinuation of the training or analgesics, and resolved spontaneously. No serious

adverse events were reported in either group.

Discussion

This study demonstrates that a 12-week program of threshold IMT, when added to
standard outpatient cardiac rehabilitation, leads to a significantly greater improvement in

inspiratory muscle strength compared with aerobic exercise combined with a sham intervention.
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This result is consistent with previous research in diverse populations, including patients
with COPD?, chronic heart failure?, and those in the inpatient phase of post-cardiac surgery
recovery.” ' The observed increase in MIP aligns with the overload principle of resistance
training, where exercising muscles against a load exceeding their metabolic capacity induces
structural and neural adaptations that enhance strength.?®?* Studies have shown that IMT can
increase the proportion of Type | muscle fibers and the size of Type Il fibers in the intercostal
muscles, leading to greater strength and fatigue resistance.?

A notable finding was the statistically significant, albeit smaller, increase in MIP within the
sham group. This can be attributed to the natural recovery process following median
sternotomy. The procedure is known to cause a sharp decline in MIP due to incisional pain and
reduced chest wall compliance.?® ?" As patients recover and pain subsides in the weeks
following surgery, their ability to generate maximal inspiratory force naturally improves, often
returning to near-preoperative levels within two months.”® The standard aerobic exercise in the
cardiac rehabilitation program may also have contributed to this improvement. However, the
significantly larger gains observed in the IMT group confirm the specific and additional benefit of
targeted resistive training.

To the authors’ knowledge, this is one of the first randomized controlled trials to
investicate the combined effect of IMT on 6MWD in an outpatient post-cardiac surgery
population with randomized, double-blind, sham-controlled study design. The results indicate
that the addition of IMT did not provide any further improvement in submaximal exercise
capacity beyond that achieved through the standard aerobic exercise component of cardiac
rehabilitation. Both groups demonstrated an increase in 6MWD over the 12 weeks, which is an
expected outcome of a structured exercise program following a period of deconditioning
associated with major surgery.?’ The lack of a different effect suggests that in this patient
population, submaximal walking performance is likely limited by factors other than inspiratory

muscle strength, such as peripheral muscle function, cardiovascular adaptation, and overall
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conditioning, which are primarily addressed by aerobic exercise .’ This finding is consistent with
studies in other populations, such as the elderly, where IMT improved muscle strength but did
not translate to improved 6MWD.?°

These findings may be translated into outpatient cardiac rehabilitation practice by
incorporating threshold IMT devices for patients recovering from cardiac surgery with sternotomy
who are at risk of inspiratory muscle weakness - such as those with COPD or stable congestive

heart failure - to enhance clinical outcomes.

Limitations

This study has several limitations that should be considered when interpreting the
results. Firstly, the final sample size of 16 participants was smaller than the 20 subjects targeted
by the initial power calculation. This may have rendered the study underpowered to detect a
small but potentially clinically meaningful difference in 6MWD between the groups. Second ly,
despite efforts to maintain blinding, 33% of participants in the sham group correctly identified
their group allocation, which may have introduced a performance bias. Thirdly, the IMT and
aerobic exercise were performed at home without direct supervision or adherence monitoring,
which could have introduced variability in the training stimulus. Finally, data on preoperative
inspiratory muscle strength were not collected, which would have provided a more complete
picture of the postoperative recovery trajectory. Future research should address these
limitations by utilizing a larger sample size, exploring alternative sham protocols to improve

blinding, and incorporating methods to monitor adherence to home-based exercise.

Conclusion

The addition of a 12-week threshold inspiratory muscle training to outpatient aerobic
exercise-based cardiac rehabilitation in post-cardiac surgery patients demonstrated a statistically

significant increase in inspiratory muscle strength. Nevertheless, no significant enhancement in
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submaximal exercise capacity is observed when compared with a sham-device control group.

Threshold inspiratory muscle training demonstrated a good safety profile for home-based use.
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Outcomes of I-131 radioiodine treatment in differentiated thyroid

cancer of pediatric and adolescent patients

Pongsatorn Tiemtanong', and Chalermrat Kaewput®

! Department of Radiology, Maharat Nakhon Ratchasima Hospital, Nakhon Ratchasima 30000,
Thailand

2 Division of Nuclear Medicine, Department of Radiology, Faculty of Medicine Siriraj Hospital,
Mahidol University, Bangkok 10700, Thailand

Abstract

Background: The management of differentiated thyroid cancer in children and
adolescents aims to reduce mortality rates and minimize treatment-related complications.
However, there have been no reports in Thailand detailing clear clinical outcomes or
complications occurring in either the acute or long-term phases in this patient group. Objective:
To evaluate clinical outcomes and treatment-related complications following I-131 therapy in
children and adolescent patients with differentiated thyroid cancer receiving treatment at the
Nuclear Medicine Department, Siriraj Hospital. Methods: This retrospective study reviewed
medical records of patients with differentiated thyroid cancer aged 21 years or younger at initial
diagnosis who received |-131 treatment between January 2000 and December 2013. All patients
were followed up for at least 1 year. Results: Among 78 patients, 33 (42.3%) achieved remission,
while 45 (57.7%) were classified as non-remission. Within the non-remission group, 40 patients
(51.3%) had persistent disease, 3 (3.8 %) showed progression and 2 (2.6%) experienced
recurrence. In multivariate analysis, cervical lymph node metastasis only [OR= 6.17, 95% ClI
(1.17-32.62) p = 0.032] and cervical lymph node metastasis with distant metastases [OR= 20.47,
95% ClI (2.31-181.15) p = 0.007] were both significantly associated with non-remission. Acute
complications after I-131 treatment were observed in 28 patients, including gastritis (19.2%),

thyroiditis (14.1%), and sialadenitis (12.8%). Late complications occurred in 10 patients, including
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atrophic changes of salivary glands (10.2%), salivary dysfunction (1.3%), and secondary primary
malignancy (1.3%). The secondary primary malignancy was identified as mucoepidermoid
carcinoma of right parotid gland in one patient Conclusions: Most pediatric and adolescent
patients with differentiated thyroid cancer treated with I-131 did not achieve remission, with
persistent disease being the most common outcome. Cervical lymph node metastasis, with or
without distant metastasis, was significantly associated with non-remission. Treatment-related
complications were generally low, with acute complications occurring more frequently than late

complications. Second primary malignancy after I-131 therapy was rare in this cohort.

Keywords @ Differentiated thyroid cancer @ pediatric and adolescent patients @ outcomes

of radlioiodine therapy @ complications
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/N13ANYN
sUsuunsnen: WWunmsfnulaenisdunalisinsngi (observational analytic study) wuuiiudaya

§9UNA (retrospective data collection)
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I [

AUheflasumsitdady DTC aTausnyeegliiiu 21 U nansumsinwimelelediu-131 e

U Aa

NYAAASTAARES AAIVISIEINGT ISINYIUIAASINY AIAT W.A. 2543 UDIU W.A.2556 ANUVAINIT
Wfnreulnsesnuila total %138 near-total thyroidectomy wariin1snsraRamuA1endsnssnedy

na1eg9tes 1 U

snAUTUNITANONINNITANY)

| & =

o UrgniideyanduiintunuuduiinnyssileugUigliauysal

v = g a 4 A aa o 1 & < I3
o UrginTianuusawiindudliousnitadeinlunesalnsess
o JUrgilasunisinmumsinyisieitiodlita 1Y

YUABUNITAIUNITIAY

a

1) sausandeyaguae DTC lunquinnuasTasuiildasun1sifdeds DTC afwusnongliiiu 21 T
WASUNISSNEIA28 131 Na1VINYAIEAS AR S ISINe1UIaAS 1Y TaasuAnwdoulumawaLhou
1y I3 v 2N =1 aa n:{'d a 1 d' I
FuAn .. 2556 Iaginudeyavestisainnyssilouvedlsainguiafineninisianuseiiondu

' v A o ' A PR o A a2 v v & v
nanegetey 1 U 31w 78 melagliszyievesithelnedeyaiiiulaun TeyanugiuvesiUie nanig
WYIFINET TEAUANULAEINY ATA pediatric risk 2015 classification KaN13953aN19M0IUZURNT W
N13953aN193983 1A N33R Uaelasy Usedinsshwinie 1131 seeiain1sinmunissny
(M15199 1) HAYDINITINWINNAALN LAZNNIEENINYOUNAINITTN®IY 1-131 (15197 2)

2) VNITUIZUIARANINELAUTIIAIAE 1-131 (V19 post-treatment and diagnosis WBS) Twign

& ¢ s a a saa ¢ | Yl I\ a
A IWEJLLWVl'EJL’Nfﬂ']ﬁmiu')Lﬂaﬂﬁmuﬂiga‘Uﬂqim 2 N1 I@ﬂLLﬂﬂﬂu@qu@UqQaﬁig

i v N e
M19191 1 %a%ama\iaﬂjﬁ‘ﬂﬂﬂwq

Characteristic n (%)

Age at diagnosis (years), mean+SD (years) 17.15+3.80
0-6 1(1.3)
7-12 10 (12.8)
13-18 31 (39.7)
19-21 36 (46.2)

Gender
Male 13 (17)
Fermale 65 (83)
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Characteristic n (%)
Type of surgery
Total thyroidectomy (TT) 44 (56.4)
Complete thyroidectomy (CT) 25 (32.1)
Near total thyroidectomy (NTT) 9(11.5)
Initial neck node dissection
Yes 40 (51.3)
No 38 (48.7)
Pathology
Papillary thyroid carcinoma 66 (84.6)
Follicular thyroid carcinoma 9(11.5)
Mixed type 3(3.8)
Microscopic extrathyroidal extension (mETE) 8 (10.3)
Metastatic sites
Lymph node metastasis 46 (59)
Lymph node with distant metastases 15(19.2)
" Lymph node with lung metastases (14/15)
®  Lymph node with lung and bone metastases (1/15)
Lung metastasis 1(1.3)
Lung and bone metastasis 1(1.3)
No metastasis 15(19.2)
ATA pediatric risk of persistence
Low risk 13 (16.7)
Intermediate risk 34 (43.6)
High risk 31 (39.7)
TNM staging
Tumor (T)
Tla 3(3.8)
Tib 12 (15.4)
T2 36 (46.2)
T3a/3b 14/0 (17.9/0)
Td4a/4b 10/0 (12.8/0)
Tx 3(3.8)
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Characteristic n (%)
Node (N)
NO 17 (21.8)
Nla 15 (19.2)
N1b 46 (59.0)
Metastasis (M)
MO 61 (78.2)
M1 17 (21.8)
1. Lung 15(19.2)
2. Lung & bone 2(2.6)
Stage
| 61 (78.2)
Il 17 (21.8)
RAIU (%)* Median (min-max) 2.49 (0.59-33.4)

Cumulative dose of I-131 treatment (mCi) Median (min-max)

300 (77-1200)

Pre-RAIT sTg (ng/mU)** Median (min-max) 34.19 (0.79-2950.40)
Follow-up period (year) Mean+SD 9.64+4.64
Median (min-max) 10 (1-20)
AN5197 2 JoyauenNgNIEIINNGY remission Wag non-mission
Parameters Variable Curative effect Testing P-value
Remission Non-remission methods
Sex Female 29 (87.9%) 36 (80.0%) X’ test 0.54
Male 4(12.1% 9 (20.0%)
Age of Mean + SD 18.0 £ 3.04 18.0 + 3.04 T-test 0.078
diagnosis (year)
Type of surgery TT/CTT 32 (97.0%) 37 (82.2%) X test 0.071
NTT 1 (3.0%) 8 (17.8%)
Initial neck No 19 (57.6%) 19 (42.2%) X’ test 0.252
node dissection Yes 14 (42.4%) 26 (57.8%)
Pathology PTC 25 (75.8%) 41 (91.1%) X test 0.002
FTC 8 (24.2%) 1(2.2%)
Mixed PTC&FTC 0 3 (6.7%)
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Parameters Variable Curative effect Testing P-value
Remission Non-remission methods
Metastasis NOMO 12 (36.4%) 3 (6.7%) X test 0.001
N1a/N1bMO0 18 (54.5%) 28 (62.2%)
N1a/N1bM1 2 (6.1%) 13 (28.9%)
NOM1 1 (3.0%) 1(2.2%)
mETE Negative 29 (87.9%) 41 (91.1%) Fisher’s 0.716
Positive 4 (12.1%) 4 (8.9%) Exact test
Stage | 30 (90.9%) 31 (68.9%) X test 0.026
I 3(9.1%) 14 (31.1%)
ATA pediatric Low 10 (30.3%) 3 (6.7%) X’ test <0.001
risk Intermediate 18 (54.5%) 16 (35.6%)
High 5 (15.2%) 26 (57.8%)
Pre-RAI Median (IQR) 7.77 (2.19-28.2) 48.93 (24.81- Mann- <0.001
treatment 375.75) Whitney

stimulated Tg*

(ng/ml)
Serum TgAb** Median (IQR) 15.90 (9.9-166.5) 12.2 (9.9-25.45) Mann- 0.132
(IU/mU) Whitney
24 hours Median (IQR) 2.24(1.13-4.24) 2.8 (1.44-5.34) Mann- 0.17
RAIU*** (9%) Whitney
Cumulative Median (IQR) 300 (150-450) 420 (280-725) Mann- 0.02
dose of I-131 Whitney

treatment (mCi)

Follow-up time Mean + SD 8.56 + 4.10 10.43 + 4.88 T-test 0.078

v v
fal ¥ o

* gUrethuniinseviiiviadu 59 s1e ewndidUlegndnean 19 s1g; 1 TGAD > 40 91u3u 14 s1e, Laifinisduiin

A1 T uaz TeAb 3 s18 wazlifinnstuiindr TeAb 2 s

o
o

* feMindinseniinegdy 73 1e esnnlidinisduiindr TgAb Aaufnw $1uiu 5 1e

o
LR

e Ue i eniiviady 73 91 ewnnliinisduiinuansia RAIU deusnen 91u3u 5 51¢
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nsuszidiunanisinevasgiie

Tnensuanadesafeii radiographic imaging Wi neck ultrasound uaw/wae CT scan uaz/
739 post-treatment WBS %39 diagnostic WBS TneuUsaandu
® Remission fasfinsunndaddaluil
® TSH-stimulated Tg < 2 ng/ml ey TSH-suppression Tg < 0.2 ng/ml Tnefisesu
TeAb 1Huraau
® [AaN13M329 post-treatment WBS %@ diagnostic WBS Tvinaat

® an151329 neck ultrasonography way/wse CT scan linaau

® Non-remission lagaziiseaniiu
1. Persistence ifeladenissioluil
B Post treatment WBS wui13 uptake 7 thyroid bed, locoregional site Wag/
%39 distant organ metastasis Way diagnostic WBS #8a5n#189manuiniinig
uptake Fusnaudulagldfinsdsuulad
= fnanisasamatiesdiifinig deladentsdeluil
O TSH-stimulated T =2  ne/ml uwarilwusldudiving
O TSH-suppression Tg > 0.2 ng/ml wasfiuua TRy
O TehAb > 40.00 IU/ml wasduuildudivingy
®  Neck ultrasonography positive warfiuualduad
2. Progression fi¥eladeniasmelui
" Follow-up diagnostic WBS Wulig1uiu positive lesion 7 thyroid bed %39
cervical lymph node #3® distant functioning organ metastasis (eg. lung or
bone) s
" fuadoniiasde progressive disease 1 Tu 3 Fostaldil

£%
=

O TSH-stimulated Te >2  ng/ml LLazﬁLLmIﬂmﬁmqwu

Re

O TSH-suppression Tg > 0.2 ng/ml LLazﬁLLmIﬁmﬁmqwu

Re

O TghAb > 40.00 1U/ml uazduunldfingedy

Y

Way/ 1138
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® Neck ultrasonography wag#se CT scan positive LLazﬁLLu’ﬂﬁuﬁiaEﬂiﬂLﬁu%
3. Recurrence
AUreiuseRlasun1sitiadedn complete remission 1daNssNWIRIe 1-131 Sy
ftoladentdasseluil
. Follow-up diagnostic WBS wuil positive new lesion 7i cervical lymph node

%39 thyroid bed 38 distant functioning organ metastasis (eg. lung or bone)

" Juadenfiasds recurrent disease 1t 3 Yanaluil

1%

O TSH-stimulated T~ 22 ng/ml LLazﬁLLmIﬁmﬁmqﬁu
O TSH-suppression Tg > 0.2 ng/ml LLasﬁLLmIﬁmﬁmqﬁu
O TeAb > 40.00 1U/ml wasdiuurldiuiiveastiy

Y

" ANNTRSIANNNTIEINEI97N neck ultrasonography %39 CT scan BUUTIN

recurrence

YUELI)
- 9
* A8IANULIAUIINANIINTIIN N IUJURNS eFed@Tdadonazamaununisdasiog 131 &
¥ ‘:g{ 1 a = =3 ¥ [ Ya o 6 6 a = e’d'r-:l
WWAltuawy WAL ¥3eanad InanmsasaaiuneuiulagITuuasunmdnymansdamde N
Uszaun1saion 1 vinu neldn1sinmiun1snsiangeuse 2 ASIlngsSEeEnNISRNANLLLRAYe8NITeY 1 Uks
yndanuulingaiy 93iin1sveANUTIUANLANS NTAIansIeRgsNTIUTEaUNISAIDN 1 YU U1
v ¥ =3 v ) 1 v 1
wlanasie nedeazlazinannmsasanuiiuniauiuedieios 2 lu 3 vinu
* MFAATIRINARTIIMiBsUJURNTInuldugurieanadliainisildsuuuaisesay 10 lned

NNSANAIUNITAIIDENNUBY 2 ASIAYTZELNITAANNLIRALDEINeY 1 U

ANSIAIZRTOUANINEDA

Y
o Joyaviiluvew e Tadifinssaun (descriptive statistics) Ao Yayasialiies (continuous data)
Unauoiluanade (mean) wazdnndsauunnnsgiu (standard deviation: SD) 3eANLisegIu
(median) uazAgwEn AN (range) drudayaidanau (categorical data) Unausiluinnuiosas

e JayavesrthefivneainlsauazUleninnnsunsndeu diavedudnniuiosay
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¢ JATeMUTEUIEUTENINNgUNaN13INY (remission/ non-remission) 1adi# chi-square test
dmsudeyaidangu uaz unpaired t-test lidmsudeyasioiiles AfnsuanuaauuuUni nield
Mann-Whitney U test dmiudeyasioiilesifinisuaniauuulaiun

° 3Lﬂ3’1315@aﬁﬁﬁﬁwaﬁiami%ﬂwﬁzijﬂﬁjm (remission/ non-remission) 14&h@ chi-square test

dmutoyalienauiiinisuanuaswuuund waz 18 Mann-Whitney U test dwisudoyanaiiiod

L84 U

fn1suwanuasnuuliung Tneisuann1siAszBvonaluusiwysiie) (univariate analysis) Lo

Y

msuwdsndianudAgnisadfiieludnisimsisinndauds (multivariate analysis) tngld

TUswNSU SPSS version 18.0

o TunsaliilayiIN1TAIUIUAINIEDAAINAITI 2 by 2 LAIWUIIAT minimum expected count
UpuN11 5 F9013LANIN N TUA1519 2 by 2 vesteslatomilintes agldada Fisher's exact

test WUNERA chi-square test

N155U509938555UA15398: N15ANYITIASUNITIUTEIIINANENSTUNITAS8E5sHNSIT8luAY Ay
UNNYFAEAS ASIIYNYIVIG AIUBAAITUNNBLEY 753/2563 Tuiuil 24 Augngu w.A. 2563 L18931NN13

nunmuwinUsEIRgUevihludnuaenumudounds Jeldiinnsduiiunisveanudugeuaingdae

HaN1SANYI

frefidinarimsfnudusifeunnsian wa. 2543 89 Suem WA 2556 $5u7u 87 118 gn
dnoondiiu 9 519 lesannandumsnadnmundsnissnwisne 131 laifa 1 9 3aldgaeidninas
MsfnwsuIu 78 18 MeazBengthelumAdeduandduansei 1

1NN15ANYINUEUIY remission 91U 33 518 (Soear 42.3) uaz non-remission I1UIY 45
518 (§ewaz 57.7) Inglungu non-remission wuseandu persistence §1u2u 40 518 (Sovay 51.3),
progression 113U 3 38 ($e8ag 3.8) uay recurrence $1u 2 918 (Goway 2.6) Tneseil 1 1Tudioe
neelasuitiads PTC (T1IbN1aMo, stage I, intermediate risk) ﬂ%j\‘iLL‘ﬁﬂLﬁlaa’lEg 21 U gthelasunsinm
#18 1-131 150 mCi nuseslsaiiasdoindnianduundud 1vosnedeiinodude Teldvi

ultrasonography guided with FNA @nwazves ultrasonography danwaugidnlanu recurrence m

wnansInadsluddotugiineg FNA lulddwdenny Insfissoznainsnauidugiagin 2 ¥

Y
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Q’ﬂ’mswﬁ 2 JugUaendgs lo5uitiade PTC (TIbN1bMO, stage I, high risk) Igsunmsidednds
usniflenny 13 U flnmg recurrence Mmeovdsnssnudszana 12 U lagnan13n$2a diagnostic total
body scan Wua1d new I-131 avid lesion at right side of thyroid bed yonandifmuing new 1-131
avid lesion at right lower lung (RLL) wazlavi1n1589m529 contrast enhanced CT scan of neck and

chest wui1dl residual thyroid tissue at right thyroid bed Wagwu regrowth thyroid tissue fine

purE@IUNUaanUINg pulmonary nodule 91 RLL

Jadeiifanuduiusiunanisinemieaddn
PnnsTaszitadadeiininineginanonisiiin remission Wag non-remission (M54 2)

WU univariate analysis wuinadedifituddynieada léun pathology, metastasis, stage, pediatric
risk of persistent disease, pre-RAIT sTg, cumulative dose of I-131 treatment LLazLﬁ"aﬁﬂﬁz’Jjagaﬁmm
31urazdutiadeiidimanonisiin non-remission 91AN15AIUIA non-adjustable odd ratio 910
univariable analysis LLaxﬁﬂlﬂémﬁﬁﬂmmmﬁ’] adjustable odd ratio Img multivariable analysis lag
14 multiple logistic regression InaA vunmAl p-value Gumayé'hLLUiﬁ%ﬁﬂmﬁﬂwWiaLLUU multivariate
analysis Wnedasiirtiosndn 0.1 Fefisauuseedl

1. Type of surgery

2. Pathology

3. Metastasis

4. Pre-RAIT sTg

5. Staging

6. ATA pediatric risk of persistent disease

HedLNATIZY multivariate analysis 1agld 3 fauds laun type of surgery, pathology

Xy

LA metastasis oAU adjusted odd ratio Ingwauavesnsilaldin pre-RAIT sTg m1AwIM
dosrndunudeyaimeluangs 19 sedsildndnluieiu Wummmaiitwnidud sl
il deyavosiiudsdudesgndneendoiuiu 31e199zdmarennudefiovesdoyanisaii
lag s @msudquds staging way ATA pediatric risk of persistent disease luflagniuiui@n

multivariate analysis 1asa71n2M8AEINUAUAUALUT metastasis (multicollinearity) §39199zdNase
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AudITelioveslayanisadalawuiu InendenduinmyiwlsinegeusuanidudAyniadan

v

p <0.05 lawaansuanslunisied 3 lneifisivaziduneail

1. Type of surgery

WUIMNISHIFALUY near total thyroidectomy LiigUAU complete 38 total thyroidectomy &

A1 adjusted OR (95% Cl) = 4.04 (0.46-35.95) Fauanalddn near total thyroidectomy isTonaiin

o w

non-remission e kiiflidudAeNNEds (p =0.21)

<

2. Pathology

WU31 PTC Wiufu FTC fA1 adjusted OR (95% CI) Ay 4.49 (0.46-44.27) Fauwlanaldin

o w a

PTC wislon1anisifia non-remission wlawfleufiu FTC wilaifituddamneadn (o = 0.198)
3. Metastasis
WU31N158 nodal metastasis Ingludl distant metastasis (N1a/N1bM0) waz n158 nodal
metastasis $2uAUL distant metastasis (N1a/N1bM1) dinason15LAn non-remission qam"]azmﬁ
v AmeaiAleiouriunguiilisl metastasis (NOMO) Tnefidn adjusted OR (95% CI) wirdy 6.17
(1.17-32.62) p = 0.032 war 20.47 (2.31-181.15) p = 0.007 MUY

M15719% 3 Toyasyuls (univariable) uaznysauls (multivariable) Mifinasian1ssnwn DTC Tudnuay

TUIULUY non-remission N&INTINWINIE I-131

Parameters Variables Univariable OR  P-value Multivariable OR  P-value
(95%CI) (95%CI)

Type of surgery  TT/CTT reference 0.071 reference 0.21
NTT 6.92 (0.82-58.34) 4.04 (0.46-35.95)

Pathology FTC reference 0.009 reference 0.198
PTC 13.12 (1.58-111.24) 4.49 (0.46-44.27)

Metastasis NOMO reference reference
N1la/N1bM0  6.22 (1.54-25.15) 0.01 6.17 (1.17-32.62) 0.032
Nla/N1bM1  26.0 (3.67-183.42) 0.001 20.47 (2.31- 0.007

181.15)

NOM1* - - - -

Pre-RAIT <20 reference < 0.001

stimulated Tg© 220 8.86 (2.61-30.09)
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Parameters Variables Univariable OR  P-value Multivariable OR  P-value
(95%CI) (95%CI)
Stagingw | reference 0.026 Not included into multivariable
I 4.52(1.18-17.32) analysis due to interfering effect
ATA pediatric low reference each factor
risk of intermediate  2.96 (0.69-12.70) 0.144
persistent*** high 17.33 (3.48-86.41)  0.001

* fauts Nom1 lildgnunutiasiesi OR \losansauan Nom1 lugUengy non-remission wag remission AU
2898z 1 AU

* Fuus Pre-RAIT stimulated Tg lafléigniianiiasnest multivariable analysis tosaniithefiteyalsiansa
Awnladuau 19 1

> GuUs staging wag ATA pediatric risk of persistent disease Lilfignu1unfin multivariate analysis o

WRefufufudinds metastasis (multicollinearity) @senaazdsrasionnuindofevestoyanisadia
ANMZUNINGDUNAINITINEIAY |-131

TurmAdetdnunsunndounendinissnvide 1-131 Tnenu early complication S1uau 28
579 ($p8ag 35.9) waynu late complication 91U 10 518 (Fovaz 12.8) lnsilsvazidunnaiansly
A157497l 4 iuﬂduﬁLﬁm late complication 311U 10 518 wu3wdu atrophic change YOIBUTNANET
Ieduainwa CT orunalasfsdunmdvdaaninwisne 131 4w 8 31 ($esag 10.2) Inegtaelasu
USunusedazan (cumulative 1-131 dose) agjsluszm 150-1030 mCi , salivary gland dysfunction 372U
1 519 (Seway 1.3) laegUaelasu cumulative 1-131 dose iU 650 mCi wag wu SPM 311U 1 918
($ovar 1.3) Tnegtaeldunisifisindu mucoepidermoid carcinoma fiseuthansldnnyean anevda

NNI55NWI9Y 1-131 ka2 5 U cumulative 1-131 dose WU 300 mCi

a o b4 Y A a 4 v o 1
M990 4 QWU’JULL@%?@S@%%E}QE‘J"IJ’JEWILﬂﬂﬂ’]’}%LLW?ﬂ“H@U%ﬁQﬂWiiﬂ‘HW@’JS [-131

Complications n (%)

Early complications 28 (35.9)
B Gastritis 8 (10.3)
" Thyroiditis 7(9.0)
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Complications 0 G2
B Sjaladenitis 5(6.4)
" Sialadenitis with gastritis 4(5.1)
®  Thyroiditis with gastritis 3(3.8)
" Thyroiditis with sialadenitis 1(1.3)
Late complications 10 (12.8%)
B Atrophic change of salivary glands 8 (10.2%)
B Salivary gland dysfunction 1(1.3)
B Second primary malignancy 1(1.3)

anUseNan1sIve

Tunsfinueunmuiinanssnw DTC lunquirewinuazJutiuaeudned Inenuingiae

I3
LY [ [

dlvgignsinssendinaudazdl distant metastasis AawinsIHdeATLINAAL 1ag survival rate

' 1%
Y

agfiforaz 96-100° agdlsnmunliindnsnissentintuiUienguilavge nanssnulaedaulngdinay
1sivBu remission ustazifiu non remission WU persistence wniign®” damsafulumsinuil Tnewuin
AUaednlnginanssnyndu non-remission 31uau 45 518 (Sewas 57.7) uazilu persistence 911U
40 70 ($evaz 51.3) uariifUaefidl progression 1lBs 3 38 (Fovay 3.8) WAz recurrence Llgs 2 519

(5a8az 2.6) dMSU remission TUNISANTINUIIUIU 33 578 (Fosay 42.3) YeaannaeeiuNITANEYIVDY

=

Aol Pawelczak M wazame’ AtadAnwinan1ssnwisae 1-131 lugdUae DTC Miduinuaziogu 3

[ ] [~ . . i . . 1 A aa
Han155nw @ lu non-remission Segag 52.68 Uag remission Seway 47.32 lagnuindgeni
recurrence fliiles 6 s1a1ngUrevioun 112 51 (Fevaz 5.3) agnslsiauluauideves Sapuppo G
wazAnz® wunan1ssny) DTC Tugthednuazioguidu remission geiisdesas 74.3 uaz non-remission
Souay 25.7 F@LvsUeInULANANAUYomNan15SN®Ives Sapuppo G waglun1sAnwil Uhasiivena

[

PNAUTIN1TITE8 remission N1619A7U Taen15ANEB1U89 Sapuppo G wazAue Tdinuginisulana Tg

ORI

Juau Weszdu suppressed Tg < 1 ng/ml @sganinnailunisfinuiiilden suppressed Tg < 0.2
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ng/ml F9aziuanain Te Wuau auuwamienissneiann ATA management guidelines for adult
patients T w.a. 2558 Lflsa1nlu ATA suideline for pediatric DTC U w.¢. 2558 Lilgfinisivunen
suppressed Tg Fldlulszfiunanissne

970 ATA guideline for pediatric DTC Uw.A. 2558 Wag seminars in nuclear medicine 1ny

Parisi MT uazaazd w.e. 2559° laasuiefiansnevaussnanissnweie 131 DTC TudinuazFasuin

'
o

Aouted dasmadedindn maddulsatuagiaunluidungy dedifferentiated lifpaiilowfisuiy
DTC Tugflng) Taanmadoininain molecular pathology firnsfunesisansnga Tngluidiniunyudy
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Association between atherogenic index of plasma and major
adverse cardiovascular events in hypertensive patients at Khok
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Abstract

Background: Cardiovascular disease (CVD) remains a leading cause of morbidity and
mortality worldwide, particularly among hypertensive individuals. Hypertension is a significant
risk factor for major adverse cardiovascular events (MACEs), including myocardial infarction,
stroke, and cardiovascular-related mortality. In Thailand, cardiovascular risk assessment tools
such as the Thai ASCVD Risk Score are commonly used, incorporating factors such as age, sex,
blood pressure, total cholesterol, smoking status, and diabetes history. However, the use of
total cholesterol alone may not fully capture the complexity of lipid abnormalities associated
with cardiovascular risk. The Atherogenic Index of Plasma (AIP), calculated as log (TG/HDL-C), has
gained interest as a potential marker for cardiovascular risk assessment due to its ability to
reflect dyslipidemia and arterial stiffness more effectively. Despite its potential utility, data on
AIP in Thai hypertensive populations remain limited, and its predictive accuracy may vary across
different demographic contexts. Objective: This study aims to evaluate the association between
AIP and MACEs in hypertensive patients and to determine the predictive value of AIP for
assessing cardiovascular risk. Methods: A retrospective cohort study was conducted using
medical records from hypertensive patients treated at Khok Samrong Hospital between January
1, 2014, and January 1, 2025. The study included patients aged 40 years or older with at least
one lipid panel test available for AIP calculation and followed for a minimum of one year or
until the occurrence of a cardiovascular event. The primary outcome was the incidence of

MACEs, including nonfatal myocardial infarction, nonfatal stroke, and cardiovascular-related
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death. Statistical analysis was performed using Cox proportional hazards regression to assess
hazard ratios (HRs). Results: AIP was independently associated with MACEs (HR = 1.97, 95% Cl:
1.117-3.490, p = 0.019). Harrell’s C-index improved from 0.58 (AIP alone) to 0.67 when combined
with other covariates, indicating enhanced risk stratification. Conclusion: The findings of this
study suggest that AIP is a significant independent predictor of MACEs in hypertensive patients.
Its integration into cardiovascular risk assessment models could enhance predictive accuracy
and help identify high-risk individuals who may benefit from targeted interventions. Given its
accessibility and ease of calculation from routine lipid panels, AIP could be a valuable adjunct
to existing risk assessment tools. Future prospective studies are warranted to validate these
findings and explore the potential of AlP-guided clinical decision-making in hypertensive

populations.
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Introduction

Cardiovascular disease (CVD) is a leading cause of morbidity and mortality worldwide,
particularly among individuals with hypertension, which significantly increases the risk of major
adverse cardiovascular events (MACEs), including myocardial infarction, stroke, heart failure, and
cardiovascular-related mortality. Given the high prevalence of hypertension and its contribution
to CVD, effective risk assessment tools are essential for early identification and management of
high-risk individuals.

In Thailand, the Thai ASCVD Risk Score is widely used to assess cardiovascular risk based
on factors such as age, sex, blood pressure, total cholesterol, smoking status, and diabetes
history. While this model is specifically tailored for the Thai population, its reliance on total
cholesterol alone as a lipid marker may not sufficiently capture the complexity of dyslipidemia

associated with cardiovascular risk. Emerging evidence suggests that other lipid indices may
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provide additional prognostic value for assessing cardiovascular risk, particularly in populations
with high metabolic risk.

The Atherogenic Index of Plasma (AIP) has gained attention as a potential marker for
cardiovascular risk assessment. AP, calculated as the logarithm of the triglyceride-to-HDL
cholesterol ratio (log [TG/HDL-C]), is associated with increased arterial stiffness, endothelial
dysfunction, and heightened cardiovascular risk. Unlike total cholesterol, AIP reflects the balance
between pro-atherogenic and protective lipoproteins, making it a more dynamic marker of lipid
metabolism. Studies have shown that elevated AIP is linked to insulin resistance, metabolic
syndrome, and an increased likelihood of cardiovascular events.

Despite growing evidence supporting AIP’s predictive utility, data on its role in
cardiovascular risk assessment among Thai hypertensive patients remains limited. The accuracy
of AIP in predicting MACEs may vary across different populations, necessitating further
investigation into its applicability in the Thai context. Understanding whether AIP provides
additional predictive value beyond conventional risk factors could help refine cardiovascular risk
assessment strategies and improve early intervention efforts.

Therefore, this study aims to investigate the association between AIP and MACEs in
hypertensive patients and to assess whether incorporating AIP into existing risk models enhances
predictive accuracy. By addressing these gaps, the findings may support the integration of AIP as
a complementary tool for cardiovascular risk assessment, particularly in resource-limited settings

such as community hospitals.

Methods

Study Design and Protocol

This is a retrospective cohort study conducted on hypertensive patients who received
follow-up and treatment at Khok Samrong Hospital. The data used for this study were retrieved
from the hospital’s Information and Technology Center, which stores medical records of
patients. Permission was obtained from the hospital director to access the medical records of
hypertensive patients, identified by the International Classification of Diseases (ICD-10) codes
related to hypertension. The data were collected over an 11-year period, from January 2014 to

January 2025.
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Inclusion criteria were patients aged 40 years or older at the time of their first follow-up
during the study period, diagnosed with hypertension, and having at least one available lipid
profile for AIP calculation. Exclusion criteria were patients with pre-existing cardiovascular
disease at baseline, and those with incomplete key laboratory data, such as triglyceride levels,
HDL-C, or LDL-C.

Patient confidentiality was strictly maintained throughout the data collection process. All
personal identifiers were removed, and each patient was assigned a unique code corresponding

to their first recorded visit within the study period to ensure anonymity.

Measurement and Study Outcomes

The primary outcome of the study was the association between the Atherogenic Index
of Plasma (AIP) and the occurrence of major adverse cardiovascular events (MACEs) in
hypertensive patients. The secondary outcome was the comparison of MACEs risk prediction
between AIP alone and AIP combined with traditional cardiovascular risk factors such as age,
gender, smoking, alcohol consumption, systolic blood pressure (SBP), diabetes mellitus (DM),
and serum LDL-C levels.

Other key variables analyzed included age, gender, body mass index (BMI), dyslipidemia,
and comorbidities. Patient clinical characteristics such as smoking history, alcohol consumption

history, and BMI classification were also examined.

Data Collection

In this study, data were collected from existing medical records. These records contained
treatment details, follow-up information, and laboratory results, which were extracted from the
Information and Technology Center at Khok Samrong Hospital.

The data collection process was divided into three main steps:

1. Approval Process: Permission was obtained from the hospital director to access patient
data while ensuring compliance with ethical standards and patient confidentiality
regulations.

2. Data Extraction: Necessary clinical and laboratory information was retrieved from the
hospital’s Information and Technology Center, including demographics, comorbidities,

and lipid profile data.
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3. Data Analysis: The collected data were analyzed to examine the relationship between
AIP and MACEs, as well as to compare the predictive performance of AIP alone versus

AIP combined with traditional cardiovascular risk factors.

Statistical analysis and sample size

Continuous variables were summarized as mean + standard deviation (SD), while
categorical variables were presented as frequency and percentage. The Shapiro-Wilk test was
used to assess the normality of continuous variables. For descriptive statistics, the Chi-square
test was applied to evaluate the relationship between categorical variables, whereas the Mann-
Whitney U test was used for non-normally distributed continuous variables.

For analytical statistics, a competing risk regression model was used to determine factors
associated with major adverse cardiovascular events (MACEs) among hypertensive patients. The
Cox proportional hazards model was applied to estimate hazard ratios (HR) and 95% confidence
intervals (Cl) for both univariable and multivariable analyses. A two-tailed p-value < 0.05 was
considered statistically significant.

The sample size was determined using Freedman’s formula, incorporating an expected
event rate and power of 80% (Zg = 0.84) at a 95% confidence level (Zq,, = 1.96). The calculation
accounted for four groups, resulting in a required sample size of 132 participants per group,

leading to a total sample size of 528 hypertensive patients.

Patient Selection and Flowchart Description

A total of 3,234 hypertensive patients were assessed for eligibility at Khok Samrong
Hospital in 2014. Of these, 1,354 patients were excluded due to incomplete laboratory data
(n=1,270) or age below 40 years (n=84). The remaining 1,880 patients met the initial criteria for
inclusion in the study.

Further exclusion was applied to 255 patients who had a history of myocardial infarction
(MI) or stroke prior to enrollment, leaving a final cohort of 1,625 patients eligible for analysis.
Among this cohort, 1,094 patients (67.4%) did not experience MACEs during the follow-up
period, 194 patients (11.9%) experienced MACEs, and 335 patients (20.6%) died from other

causes.
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The patient selection process and distribution of study participants are summarized in

the STROBE diagram.

Assessed to hypertensive patient in
Khok Samrong Hospital in 2014
N=3,234

STROBE

diagram

Hypertensive patient incomplete

Y

Participant included in this patient

> laboratory[1,270]Jor age <40year[84]
n=1,354

N =1,880
Hypertensive patient have previous
- Mi/stroke
n =255
Hypertensive patient without incidence of MACEs
Y n=1,094
Participant included in this patient Hypertensive patient with incidence of MACEs
N=1,625 n=194
Hypertensive patient with death from other cause
n=335
Figure 1 STROBE diagram
Table 1: Demographic data of general characteristic
n (%)

Age (year-old) (n=1,625)

Mean + SD 62.88 + 10.84

Median (Min-Max) 60 (40-93)
Age group (n=1,625)

<60-year-old 656 (40.37)

>60-year-old 969 (59.63)
Gender (n=1,625)

Male 449 (27.63)

Female 1,176 (72.37)

Status (n=1,625)
Single
Married
Widow
Divorced
Smoking (n=1,617)
No

188 (11.57)
1,429 (87.94)
3(0.18)

1 (0.06)

1.577 (97.53)
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n (%)

Yes 40 (2.47)
Alcoholic drinking (n=1,618)

No 1,597 (98.70)

Yes 21 (1.30)
Diabetes mellitus (n=1,625)

No 830 (51.08)

Yes 795 (48.92)

Systolic blood pressure (SBP) (mmHg) (n=1,616)
Mean + SD
Median (Min-Max)
SBP group (n=1,616)
<140 mmHg
>140 mmHg
LDL-C (mg/dl) (n=1,625)
Mean + SD
Median (Min-Max)
LDL group (n=1,625)
<100 mg/dl
>100 mg/dl
Atherogenic index of plasma (AIP) (n=1,625)
Mean + SD
Median (Min-Max)
Outcome (n=1,625)
No MACEs
MACES

Death from other cause

Major adverse cardiovascular events (MACEs) (n=194)

Myocardial infarction
Stroke

Death from cardiovascular cause

136.65 £ 18.76
135 (79-221)

980 (60.64)
636 (39.36)

110.10 + 27.73
108 (36-292)

602 (37.05)
1,023 (62.95)

0.53 £ 0.26
0.52 (-0.19-1.52)

1,096 (67.45)
194 (11.94)
335 (20.62)

98 (50.52)
74 (38.14)
22(11.34)
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Results
Demographic data

From table 1, the study included a total of 1,625 hypertensive patients, with a mean age
of 62.88 + 10.84 years and a median age of 60 years (range: 40-93 years). Most of the participants
(59.63%) were aged 60 years or older, reflecting an older hypertensive population. In terms of
sex distribution, female patients constituted 72.37% of the cohort, while male patients
accounted for 27.63%.

Regarding lifestyle factors, the prevalence of smoking was relatively low, with only 2.47%
of participants reporting current smoking. Similarly, alcohol consumption was uncommon, with
1.30% of patients indicating current alcohol use. Diabetes mellitus was present in 48.92% of the
study population, highlighting a high prevalence of metabolic comorbidities that could
contribute to increased cardiovascular risk.

For clinical parameters, systolic blood pressure (SBP) levels varied across participants,
with a mean of 136.65 + 18.76 mmHg and a median of 135 mmHg (range: 79-221 mmHg). A
total of 39.36% of patients had SBP >140 mmHg, whereas 60.64% had SBP below this threshold.
Low-density lipoprotein cholesterol (LDL-C) levels were also assessed, with a mean value of
110.10 + 27.73 mg/dL and a median of 108 mg/dL (range: 36-292 mg/dL). Notably, 62.95% of
patients had LDL-C levels =100 mg/dL, indicating a substantial prevalence of dyslipidemia in this
cohort.

The atherogenic index of plasma (AIP) was analyzed as a key lipid marker, with a mean
value of 0.53 + 0.26 and a median of 0.52 (range: -0.19 to 1.52). These findings suggest that a
significant proportion of patients exhibited elevated AIP levels, supporting its potential role as a
marker for cardiovascular risk in hypertensive populations.

With respect to clinical outcomes, 11.94% (n=194) of patients experienced a major
adverse cardiovascular event (MACE) during the follow-up period, while 67.45% remained free
of cardiovascular events. Additionally, 20.62% (n=335) of patients died from non-cardiovascular
causes, emphasizing the presence of competing risks in this population. Among patients who
developed MACEs, 50.52% experienced myocardial infarction, 38.14% suffered a stroke, and

11.34% died due to cardiovascular causes.
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Comparisons of factors between risk factors and MACEs incidence

From table 2, The univariable and multivariable competing risk regression analyses
identified several factors significantly associated with major adverse cardiovascular events
(MACEs). Age was a strong predictor, with patients aged >60 years demonstrating a significantly
higher risk of MACEs (HR = 2.220, p < 0.001). This finding reinforces the well-established
association between aging and increased cardiovascular risk.

Male sex was also identified as an independent risk factor, with a hazard ratio of 1.4 (p =
0.034), indicating a higher susceptibility to MACEs among male patients compared to females.
Although smoking showed an increased hazard ratio in the univariable analysis (HR = 1.84, p =
0.091), it did not remain statistically significant in the multivariable model (HR = 1.66, p = 0.197),
suggesting that other confounding factors may have influenced this association. Similarly, alcohol
consumption did not reach statistical significance in either model.

Among metabolic factors, diabetes mellitus emerged as a strong independent risk factor,
with diabetic patients exhibiting a significantly higher risk of MACEs (HR = 2.14, p < 0.001). This
underscores the critical role of diabetes management in reducing cardiovascular risk in
hypertensive populations. Serum LDL-C was also significantly associated with MACEs, though
with a modest effect size (HR = 1.01, p = 0.008), suggesting that even small elevations in LDL-C
contribute to an increased cardiovascular risk.

Importantly, Atherogenic Index of Plasma (AIP) demonstrated a significant independent
association with MACEs, with a hazard ratio of 1.97 (p = 0.019) in the multivariable model. This
finding suggests that higher AIP values are indicative of an elevated cardiovascular risk,
supporting its potential utility as a predictive biomarker in clinical practice. The significant
association between AIP and MACEs highlights the need for further exploration of AIP as an

adjunctive tool in cardiovascular risk assessment among hypertensive patients.
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(i%mparison of Harrell’s C-index Between Models
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Model 1; AIP only Model 2: AIP + Covariates

Covariates = Age, gender, smoking, alcoholic drinking, SBP group, DM, serum LDL-C
Figure 2 Comparison of Harrell’s C-index between Models

Predictive value of AIP and MACEs incidence

The predictive performance of Atherogenic Index of Plasma (AIP) was evaluated both
independently and in combination with traditional cardiovascular risk factors. When assessed
alone, AIP demonstrated a Harrell’s C-index of 0.58, indicating a moderate predictive capability
for major adverse cardiovascular events (MACEs). However, when integrated with additional
covariates, including age, gender, smoking, alcohol consumption, systolic blood pressure (SBP),
diabetes mellitus, and serum LDL-C levels, the C-index improved to 0.67.

This enhancement in predictive accuracy suggests that while AIP is a valuable marker for
cardiovascular risk, its predictive strength is significantly improved when incorporated into a
comprehensive risk model. These findings support the potential utility of AIP as an adjunctive
biomarker in cardiovascular risk stratification, reinforcing the importance of a multifactorial

approach in assessing MACEs risk among hypertensive patients.

Discussion
Comparison of our study with other Studies
The findings of this study align with previous research conducted in United States (2023),

which demonstrated a significant association between Atherogenic Index of Plasma (AIP) and
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cardiovascular mortality in hypertensive patients.! Similarly, a study from Iran (2015) identified
AIP as a reliable biomarker for cardiovascular disease risk.?

Further evidence supporting our results, research from the China (2024) explored the
relationship between AIP and metabolic disorders, reinforcing the importance of lipid imbalance
in cardiovascular risk assessment.? Additionally, a study conducted in Iraq (2013) found that AIP
was superior to conventional lipid markers (e.g., total cholesterol and LDL-C) in predicting
cardiovascular events, a finding consistent with our study’s results.’

Our study contributes to this body of research by evaluating AIP’s predictive performance
both independently and in combination with traditional cardiovascular risk factors. The
improvement in Harrell’s C-index from 0.58 (AIP alone) to 0.67 (AIP + covariates) supports the
notion that AIP enhances cardiovascular risk prediction when used alongside conventional

metrics.”

Key Findings to Emphasize
Several important findings from our study emphasize AIP’s role as a significant predictor of

MACEs:

® Age: Patients aged 260 years exhibited a significantly higher risk of MACEs (HR = 2.220, p
< 0.001). This finding is consistent with studies showing that aging contributes to vascular
dysfunction, endothelial damage, and increased cardiovascular risk.

® Male Sex: Male patients were at a higher risk of MACEs than females (HR = 1.4, p = 0.034),
supporting findings from previous research suggesting that men have a higher prevalence
of cardiovascular risk factors such as dyslipidemia, hypertension, and oxidative stress.’

® Diabetes Mellitus (DM): Diabetes was found to be an independent risk factor for MACEs
(HR = 2.14, p < 0.001), reinforcing its well-documented role in atherosclerosis, endothelial
dysfunction, and chronic inflammation, which contribute to cardiovascular disease.?

® | DL-C: Although LDL-C was significantly associated with MACEs (HR = 1.01, p = 0.008), its
effect size was modest. This finding is in line with studies suggesting that LDL-C alone
may not fully capture lipid-related cardiovascular risk and should be complemented

with additional biomarkers such as AIP.*

nYEIsINgnIsUn 9 78 atuil 4 nanmu-Suanau 2568



324 Association between atherogenic index of plasma

® AIP: Our study confirms that higher AIP values are independently associated with an
increased risk of MACEs (HR = 1.97, p = 0.019). This supports research from Southeast
Asia (2023), which identified AIP as a crucial lipid marker in high-risk cardiovascular

populations.’

Possible Explanations for Findings
The observed association between AIP and MACEs can be explained by its role in lipid
metabolism and cardiovascular pathophysiology:
1. AIP reflects the ratio of triglycerides to HDL-C, a key indicator of lipid metabolism
dysfunction, insulin resistance, and endothelial damage.*
2. Elevated AIP levels are associated with increased small, dense LDL particles and
decreased HDL-C, leading to atherogenic lipid profiles and higher cardiovascular risk."!
3. The strong link between AIP and metabolic syndrome suggests that AIP is a better
predictor of cardiovascular risk than LDL-C alone, particularly in populations with

diabetes and hypertension.*

The improvement in predictive accuracy when AIP is combined with traditional cardiovascular
risk factors (C-index = 0.67) suggests that AIP should not be used in isolation but rather

integrated into multifactorial risk assessment models."?

Clinical Implications

The findings of this study underscore the potential of AIP as an adjunctive biomarker in
cardiovascular risk stratification, particularly in hypertensive patients. While traditional models,
such as the cardiovascular risk assessment tools used in Thailand and other countries, rely
primarily on LDL-C, they do not account for the impact of triglyceride-HDL imbalance, which AIP
effectively captures.™

Given its ease of calculation (log [Triglycerides/HDL-C]) and strong predictive value, AIP
could be integrated into routine lipid panels to enhance cardiovascular risk prediction in
hypertensive populations. Clinicians may consider monitoring AIP levels to identify high-risk
individuals who may benefit from early intervention, lifestyle modification, and aggressive lipid

management.'?
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Furthermore, AIP is modifiable through interventions such as dietary changes, lipid-
lowering medications (e.g., fibrates, statins), and glucose control, making it a valuable marker for

both risk prediction and therapeutic monitoring."

Limitations and Future Research

® Single-center retrospective design: The findings may not be generalizable to diverse
populations or multi-center settings. Future studies should validate these results in

larger, multi-center cohorts across different populations.

® Potential confounding factors: While adjustments were made for major risk factors,
unmeasured variables such as inflammatory biomarkers, genetic predisposition, and

lifestyle factors were not included in this study.

® | ongitudinal impact: This study establishes an association but not causation. Future
prospective and interventional studies should investigate whether AIP modification can

reduce cardiovascular risk and improve long-term outcomes.

Conclusion

This study demonstrated that the Atherogenic Index of Plasma (AIP) is significantly
associated with major adverse cardiovascular events (MACEs) in hypertensive patients. Our
findings suggest that AIP serves as an independent predictor of cardiovascular risk, even when
adjusted for traditional risk factors such as age, gender, smoking, systolic blood pressure (SBP),
diabetes mellitus, and LDL-C levels.

The predictive performance analysis showed that AIP alone has moderate predictive
capability (Harrell’s C-index = 0.58), but its accuracy improves significantly (C-index = 0.67) when
combined with traditional cardiovascular risk factors. This highlights the potential of AIP as an
adjunctive marker for cardiovascular risk stratification, offering additional insights beyond
conventional lipid parameters.

Given its simple calculation from routine lipid profiles (log [Triglycerides/HDL-C]) and its
strong predictive value, AIP could be a practical tool for identifying high-risk hypertensive
patients who may benefit from earlier intervention and more aggressive cardiovascular risk

management strategies.
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Abstract

Background: Acute Kidney Injury (AKI) is a rapid decline in kidney function that increases
the risk of chronic kidney disease (CKD) and the healthcare burden. In pneumonia patients, AKI
exacerbates systemic inflammation and organ dysfunction, heightening the risk of multi-organ
failure and death. This study aimed to identify risk factors for AKI and assess its impact on
outcomes in a community hospital. Methods: A cross-sectional study was conducted between
February and April 2025 at Sanam Chai Khet Hospital, Thailand. Data were obtained from
community-acquired pneumonia patients aged >18 years. Exclusion criteria included hospital -
acquired pneumonia, thoracic malignancy, and end-stage renal disease. Statistical analyses
employed the chi-square, t-tests, generalized linear models, and multivariate logistic regression
(Stata 17.0). Results: The study included 3,210 patients, with 147 diagnosed with AKI. The mean
age of patients with AKI was 70.03 years, compared to 51.24 years among non-AKI patients. Risk
factors associated with AKI in pneumonia patients included age 260 years (OR = 3.72, 95% Cl:
2.35-5.88, p<0.001), sepsis (OR = 2.51, 95% Cl: 1.54-4.10, p<0.001), acidosis (OR = 11.82, 95% Cl:
3.90-35.84, p<0.001), alcohol abuse (OR = 3.71, 95% Cl: 1.32-10.45, p=0.013), hypernatremia (OR
= 63.30, 95% Cl: 10.83-369.93, p<0.001), Charlson Comorbidity Index (CCl) score 22 (OR = 3.86,
95% Cl: 2.41-6.19, p = 6.192), and ICU admission (OR = 5.74, 95% Cl: 1.77-18.58, p = 0.004). The
study also found that patients with AKI had significantly higher mortality rates (27.66% vs.
72.34%, p<0.001) and higher healthcare costs (THB 30,678.80 vs. THB 26,218.50, p<0.001)
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compared to non-AKl patients. ICU admission and mechanical ventilation were also significantly
associated with AKI. Conclusion: AKI significantly worsens outcomes in pneumonia patients, with
increased mortality, ICU admission, and healthcare costs. Early recognition of risk factors such as
advanced age, sepsis, acidosis, and hypernatremia is crucial for timely intervention and improved

patient care in community hospitals.

Keywords @ Acute Kidney Injury ® Community-acquired pneumonia @ Risk factors @ Mortality
® Healthcare costs
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Introduction

Acute Kidney Injury (AKI) is a condition in which the kidneys lose their function rapidly
over a short period, typically within seven days. It can result from various causes such as renal
ischemia, inflammation, or exposure to nephrotoxic agents, and may lead to long-term
complications such as the development of Chronic Kidney Disease (CKD). This condition
significantly impacts both patients’ quality of life and long-term healtconhcare costs. AKl is
considered one of the most severe clinical complications with a high incidence among patients
with pneumonia, as it is often triggered by a severe inflammatory response in the body. This
leads to impaired organ function and reduced renal blood flow, causing kidney tissue injury and
kidney failure.

Pneumonia, particularly when coupled with AKI, poses a significant medical issue,
affecting both patients and the healthcare system. Statistical studies have shown that patients
with concurrent AKlI and pneumonia during hospitalization have a mortality rate thatis 2 to 4
times higher compared with those without this condition. Additionally, these patients are at a
higher risk of other complications, such as CKD or deterioration of other organ systems, including

the heart and lungs.
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Early detection and appropriate treatment of AKI remain a major challenge, as the
condition often lacks clear symptoms in its early stages, leading to delayed diagnosis and
suboptimal treatment outcomes.

Currently, there are limitations in identifying clear risk factors for AKI in this patient group,
such as the role of patient-specific factors (age, comorbidities), infection-related factors (type of
pathogen, severity of inflammation), and treatment-related factors (use of certain medications,
fluid overload or deficit). The lack of clarity in these aspects limits the effective prevention and
management of AKI.

Therefore, understanding the factors involved and their impact on treatment outcomes
in patients with pneumonia and concurrent AKI will help in developing better prevention and
treatment strategies. This could reduce mortality rates, long-term complications, and enhance

the overall standard of care for patients in community hospitals.

Materials and Methods
Study design and protocol

A cross-sectional study was conducted between February 2025 and April 2025 in Sanam
Chai Khet Community hospital, Chachoengsao Province, Thailand. Ethical approval was obtained
from the Institutional Review Board of the Royal Thai Army Medical Department. (IRBRTA
0134/2568)

Study population
In February 2025, A total of 3,210 people was selected using a data collection from ICD-

10 of Sanam Chai Khet Community Hospital, Chachoengsao Province, Thailand.

Inclusion and exclusion criteria

The target population for this study included individuals aged 18 years and older who
received treatment at Sanam Chai Khet Community Hospital between the years 2021 and 2025
and were diagnosed with Community-Acquired Pneumonia (CAP), as per the diagnostic codes
J09-J18. Exclusion criteria included patients diagnosed with Hospital-Acquired Pneumonia,

individuals with active thoracic malignancies, and patients with End-Stage Renal Disease (ESRD).
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Outcomes and Measurement

The primary outcome of this study was to investigate the factors associated with Acute
Kidney Injury (AKI) in pneumonia patients who were treated at Sanam Chai Khet Community
Hospital, Chachoengsao Province, Thailand. This study analyzed factors influencing the
occurrence of AKl in this patient group. Comparisons were made between the group with AKI
and the group without AKI (Non-AKIl) in order to identify differences in factors that may
contribute to the development of AKI.

The secondary outcome of this study was to analyze the impact of AKI on hospitalization
outcomes. The study utilized data analysis from the hospital's patient treatment database to

assess the impact of AKI on these outcomes.

Statistical analysis

The statistical analysis was performed using Stata ver.17.0 software, and the data were
analyzed using descriptive statistics, the Chi-square test, T-test and Generalized Linear Model.
The association factors and Impact on Hospitalization Outcomes of Acute Kidney Injury (AKI)
were examined using Chi-square test, T-test and Generalized Linear Model. The Generalized
Linear Model analysis was used to calculate the Odds ratio (OR) of risk factors, and significance
was considered at p-value <0.05 with 95% confidence intervals (Cl). Variables that were
significant (p-value < 0.05) were selected and analyzed using multivariate analysis (binary

regression model) to study their association with AKI.

Result

According to Table 1, this study examined a cohort of 3,210 patients diagnosed
with pneumonia. The mean age of patients with acute kidney injury (AKl) secondary to
pneumonia was 70.03 years, with a standard deviation (SD) of 15.28. In contrast, the mean age
of patients without AKI in pneumonia cases was 51.24 years, with a standard deviation of 19.97.
When comparing different age groups, it was found that among pneumonia patients aged 18-59
years, 1.61% developed AKI, whereas among patients aged =60 years, the incidence of AKI was
significantly higher at 9.4%. Regarding gender distribution, the prevalence of AKI among male

patients with pneumonia was 3.67%, whereas among female patients, the prevalence was higher
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at 5.97%. Among comorbid conditions, the following findings were observed among patients
with both AKI and pneumonia: Sepsis: 17.09%, Metabolic acidosis: 45.45%, Dehydration: 40%,
Alcohol consumption: 18.80%, Hyponatremia :11.249%, Hypernatremia: 83.33%,
Hypokalemia: 8.2%, Hyperkalemia:21.05%. In terms of Charlson Comorbidity Index (CCl) scores,
patients with one comorbidity accounted for 7.03%. Patients with two or more
comorbidities accounted for 15.91%. Furthermore, 30.77% of patients with both AKI and

pneumonia required admission to the intensive care unit (ICU).

Table 1 Clinical Characteristics of Pneumonia Patients with AKI during hospitalization

AKI (n=147) Non-AKI (n=3,063)

Variables p-value
N % N %
Age (year), mean + SD 70.03 + 15.28 51.24 + 19.97 <0.001
Age group (year)
18-59 32 1.61 1,955 98.39 <0.001
>60 115 9.4 1,108 90.6
Gender (n)
Female 71 3.67 1,862 96.33 0.002
Male 76 5.97 1,197 94.03
Comorbidities (n)
Sepsis (n)
No 107 3.6 2869 96.4 <0.001
Yes 40 17.09 194 8291
Acidosis (n)
No 137 4.3 3,051 95.7 <0.001
Yes 10 45.45 12 54.55
Dehydration (n)
No 145 4.52 3,060 95.48 <0.001
Yes 2 40 3 60
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Variables AKI (n=147) Non-AKI (n=3,063) Al
N % N %
Alcohol abuse (n)
No 139 4.39 3,027 95.61 <0.001
Yes 8 18.18 36 81.82
Hyponatremia (n)
No 137 4.39 2,984 95.61 0.002
Yes 10 11.24 79 88.76
Hypernatremia (n)
No 137 4.28 3,061 95.72 <0.001
Yes 10 83.33 2 16.67
Hypokalemia (n)
No 121 4.18 2,172 95.82 0.001
Yes 26 8.2 291 91.8
Hyperkalemia (n)
No 143 4.48 3048 95.52 0.001
Yes a4 21.05 15 78.95
Charlson Median (P25-P75) 1(0-2) 0(0-0)
Charlson Comorbidity Index (score)
0 60 2.48 2,357 97.52 <0.001
1 31 7.03 410 92.97
> 2 56 15.91 296 84.09
Intensive care unit (ICU) admission
No 139 4.37 3045 95.63 <0.001
Yes 8 30.77 18 69.23
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The study presented in Table 2 highlights several significant risk factors associated with
acute kidney injury (AKI) in pneumonia patients. Age 260 years was associated with a 3.72-fold
increased AKl risk (OR = 3.72, 95% Cl: 2.35-5.88, p < 0.001), while sepsis and metabolic acidosis
elevated the risk by 2.51-fold (OR = 2.51, 95% Cl: 1.54-4.10, p < 0.001) and 11.82-fold (OR = 11.82,
95% Cl: 3.90-35.84, p < 0.001), respectively. Alcohol consumption increased the risk by 3.71 times
(OR = 3.71, 95% Cl: 1.32-10.45, p = 0.013), and hypernatremia was strongly associated with a 63.30-
fold higher risk (OR = 63.30, 95% Cl: 10.83-369.93, p < 0.001). A Charlson Comorbidity Index (CCl)
score >2 conferred a 3.86-fold increased risk (OR = 3.86, 95% Cl: 2.41-6.19, p = 6.192). Furthermore,
ICU admission was associated with a 5.74-fold greater likelihood of AKI development (OR = 5.74,
95% Cl: 1.77-18.58, p = 0.004). However, gender, dehydration, hyponatremia, hypokalemia, and

hyperkalemia did not demonstrate significant associations with AKI.

Table 3 Hospital outcomes between Pneumonia Sepsis Patients with AKI and with Non-AKI groups

AKI (n=147) Non-AKI Adjusted
Outcomes p-value 95% ClI p-value
(n=3,063) Odds ratio
N % N %
Hospital mortality rate 2766 68 7230 <0001 3.8 197614  <0.001
(Death)
ICU admission 8 3077 18 6923 <0.001 491 154-1564  0.007
Mechanical ventilation 15 20.83 57 79.71 <0.001 2.67 1.31-5.43 0.007
Refer 14 814 158 9186 0022 138 072-266 0327
Adjusted

Median (P25-P75) 95% Cl p-value

Coefficient**

Hospital length of stay - 7.4 12) g(4-11) 084 090 003182 0059 0.031.83  0.059
(days)
30,678.80 26,218.50 8557.84-
Hospital cost (THB) (17.032.75- (16.799-38.200) <0.001  16510.57 7466330 <0.001
72,168.75)

Adjusted for age, gender, dehydrate, sepsis, Charlson Comorbidity Index

* Multiple logistic regression **Multiple linear/ Gaussian regression
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The study revealed that pneumonia patients with acute kidney injury (AKI) had a 3.476-
fold higher risk of mortality compared to pneumonia patients without AKI (OR = 3.476, 95% ClI:
1.969-6.137, p < 0.001). Additionally, these patients had a 4.915-fold higher likelihood of
requiring admission to the intensive care unit (ICU) (OR = 4.915, 95% Cl: 1.545-15.637, p = 0.007)
and a 2.669-fold higher likelihood of requiring mechanical ventilation (OR = 2.669, 95% Cl: 1.313-
5.429, p = 0.007). These findings indicate a statistically significant association between the
occurrence of AKl and worse clinical outcomes in pneumonia patients. Moreover, the study
found that medical treatment costs increased significantly, with an additional expense of
16,510.57 THB for pneumonia patients with AKI compared to those without (OR = 16,510.57,
95% Cl: 8,557.838-24,463.3, p < 0.001). This demonstrated a statistically significant financial
burden. However, certain factors, such as referral to another hospital and the length of hospital

stay, were not significantly associated with treatment outcomes in pneumonia patients with AKI.

Discussion

The objective of this research was to investigate the associated factors of acute kidney
injury (AKI) and the impact of AKI on treatment outcomes in pneumonia patients admitted to
Sanam Chai Khet Community Hospital, Chachoengsao Province, Thailand. Several factors were
found to be significantly correlate with the development of AKI, aiding clinicians in identifying
high-risk patients and facilitating timely and improved treatment.

The study revealed that patients aged over 60 years were 3.716 times more likely to
develop AKI (OR = 3.716, 95% Cl: 2.346-5.883, p < 0.001). This finding aligns with previous studies
indicating that advanced age is a major risk factor for AKI due to age-related physiological
changes, declining renal function, and comorbid conditions that exacerbate renal impairment.*?
Older patients may also have reduced capacity to cope with infections or critical illnesses> and
are at increased risk of nephrotoxic medication exposure, further heightening their risk for AKI.

Sepsis was identified as a critical risk factor, with patients experiencing sepsis being 2.51
times more likely to develop AKI (OR = 2.510, 95% Cl: 1.538-4.096, p < 0.001). Sepsis can trigger
systemic inflammation, leading to reduced renal perfusion®, which is consistent with global

studies highlighting sepsis as a primary cause of AKI.”
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Acidosis also emerged as a significant factor, increasing the risk of AKI by 11.818 times (OR
= 11.818, 95% Cl: 3.897-35.842, p < 0.001). Acidosis, commonly observed in patients with
pneumonia and sepsis, forces the kidneys to work harder to eliminate waste and maintain acid-
base balance, potentially leading to AK].6

Alcohol consumption was associated with a 3.707-fold increased risk of AKI (OR = 3.707,
95% Cl: 1.315-10.453, p = 0.013). Alcohol can harm the kidneys directly through nephrotoxicity
and indirectly by exacerbating dehydration, sepsis, and liver dysfunction.”®

Hypernatremia was identified as the strongest risk factor, increasing the likelihood of AKI
by 63.298 times (OR = 63.298, 95% Cl: 10.831-369.926, p < 0.001). This condition, often resulting
from dehydration or impaired renal sodium excretion, places significant stress on the kidneys
and predisposes them to injury.” The findings underscore the importance of monitoring of close
electrolyte monitoring levels in high-risk patients.

Patients with a Charlson Comorbidity Index (CCl) score greater than 2 were 3.861 times
more likely to develop AKI (OR = 3.861, 95% Cl: 2.407-6.192, p < 0.001). Common comorbidities
such as diabetes, hypertension, and chronic kidney disease (CKD) increase the likelihood of AKI
in pneumonia patients due to the added burden on bodily systems, including renal function.”'
Effective management of comorbidities is thus vital for preventing AKI.

Patients requiring intensive care unit (ICU) admission had a 5.738-fold increased risk of
AKI (OR = 5.738, 95% Cl: 1.772-18.581, p = 0.004). ICU admission often reflects severe illness and
exposes patients to interventions that heighten AKI risk, such as nephrotoxic drugs, invasive
procedures, and hypotension.'!

Conversely, certain factors showed no significant association with AKl in this study,
including gender, dehydration, hyponatremia, hypokalemia, and hyperkalemia. Although these
factors may hold clinical significance, they did not demonstrate a clear relationship with AKI in
this context.?

According to the study by Chawla et al.?, the occurrence of acute kidney injury (AKI) in
patients with pneumonia is significantly associated with an increased risk of mortality by 3.476
times. This correlation can be explained by the heightened risk of severe complications when
both conditions coexist, including heart failure and the systemic spread of infection to other

organs, which are critical factors contributing to increased mortality risk. Furthermore, the study

Royal Thai Army Medical Journal Vol. 78 No. 4 October-December 2025



Kaewput et al. 341

found that patients with AKI were 4.915 times more likely to require admission to the intensive
care unit (ICU) and 2.669 times more likely to require mechanical ventilation, compared to
patients with pneumonia without AKI. According to the necessity for close monitoring and
specialized treatment for patients experiencing both conditions, as they can lead to multi-organ
failure, further complicating the clinical course.'?

Another crucial consequence is the substantial increase in hospital costs. The study
reported a significant increase in hospitalization costs when compared to patients with
pneumonia who did not develop AKI. Treating patients with both AKI and pneumonia ty pically
demands greater medical resources, including mechanical ventilation, acid-base balance

management, and renal replacement therapy.*

Conclusion

The study on factors associated with and the impact on treatment outcomes in patients
with Acute Kidney Injury (AKI) and Community-Acquired Pneumonia (CAP) at Sanam Chai District
Hospital, Chachoengsao Province, Thailand, in 2025 aimed to identify factors contributing to AKI
in CAP patients and assess the effects on their treatment outcomes. Using a cross-sectional
study design, the research revealed significant relationships between various factors and the
occurrence of AKI and treatment outcomes.

Key findings included age over 60 years, bloodstream infection, acidosis, alcohol
consumption, high sodium levels, multiple comorbidities, and ICU admission significantly
increased the risk of developing AKI. Factors such as sex, dehydration, and abnormal potassium
or sodium levels showed no significant correlation with AKI development.

The study also highlighted that the presence of both AKI and CAP worsened treatment
outcomes, with patients having a 3.476 times higher risk of death, a 4.915 times greater
likelihood of ICU admission, and a 2.669 times higher chance of requiring mechanical ventilation.
Treatment costs for these patients were also significantly higher, increasing by 30,678.8 THB
compared to those with only CAP.

Factors like hospital transfer and length of stay were not associated with treatment
outcomes in these patients. In conclusion, the study emphasizes the importance of several

factors, particularly age, bloodstream infection, and acidosis, in the development of AKI in CAP
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patients, providing crucial data for risk assessment and management strategies. Additionally, the
findings underline the severe clinical and economic impact of managing patients with both
conditions.

This study has important limitations, including its cross-sectional design and the fact that
it was conducted in a single community hospital. Therefore, the findings may not be
generalizable to other hospitals or regions. Additionally, the study did not account for other
potential risk factors that could influence the outcomes, such as the treatments administered or
genetic factors, which could play a significant role in predicting future patient prognosis.

Future studies should expand to multiple hospitals and adopt a longitudinal design to
gather more comprehensive and inclusive data, as well as investigate other factors that may

impact patient prognosis more effectively.
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Case report

Rescued endovascular aneurysm repair using AFX-2 for ruptured,

infected iliac aneurysm in disseminated Melioidosis

Chanarat Chokchaisamut, and Thatchawit Urasuk

Department of Surgery, Phramongkutklao Hospital, Bangkok 10400, Thailand

Abstract

Endovascular aneurysm repair (EVAR) has become a viable alternative to open surgical
repair for managing aortoiliac aneurysms, particularly in high-risk patients. Moreover, it is a
treatment option for infected aortoiliac aneurysm. Some studies have shown a significantly
higher early (30-90 days) mortality rate for EVAR compared with standard open surgical repair.

We reported a case of a 64-year-old male with a concealed ruptured infected iliac
aneurysm associated with disseminated melioidosis, successfully treated with endovascular
aneurysm repair by an AFX-2 endograft (Endologix, USA) device plus lifelong antibiotics at
Phramongkutklao Hospital. The patient demonstrated good early and medium-term results,
suggesting that AFX-2 endograft EVAR is a safe and effective option in selected cases. However, a

long-term follow-up program is still necessary to monitor long-term efficacy and complications.

Keywords @ Disseminated Melioidosis @ Endovascular aneurysm repair @ Infected aortoiliac
aneurysm
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Introduction

Melioidosis, caused by Burkholderia pseudomallei, is a disastrous infectious disease
endemic to Southeast Asia and Northern Australia. It has a variety of clinical presentations such
as pneumonia, septicaemia, deep abscesses, and soft-tissue infections®* etc. Data from numerous
studies consistently present a high mortality rate, which is estimated to range from 39% to 58%.>°
Infected aortoiliac aneurysm is a rare presentation, found in only 1% of cases.’ These are
recognized manifestations of disseminated melioidosis. It is challenging to diagnose and is
associated with a high attributable mortality. The diagnosis should be considered in older patients
who live in or have travelled to endemic areas and present with fever and abdominal or back
pain.® Early, comprehensive imaging, such as abdominal duplex ultrasound, computed
tomography (CT) aortography, or magnetic resonance imaging (MRI), should be performed for
diagnosis.” Intravenous antibiotic administration is the main treatment for systemic infection, but
antibiotics alone are not sufficient for infected aneurysms. Surgery is necessary to prevent rupture.
Open surgical repair (OSR) remains the traditional operation. It consists of an occlusion of the
aneurysm sac with aggressive debridement of the infected tissue, followed by revascularization,
which carries significant risks, especially in critically ill patients. EVAR has emerged as a less invasive
alternative, offering potential benefits in terms of reduced morbidity and mortality.'® EVAR is
performed through small incisions at both common femoral arteries, followed by the insertion of
a metallic framework covered with fabric material (a covered endograft) into the aneurysm (Figure
1). It inhibits the high-pressure arterial flow into the aneurysm sac, which is able to prevent a
rupture event. A limitation of EVAR is its inability to eliminate necrotic tissue. However, many
studies have shown that the survival rate at 3 months was higher for EVAR compared with
standard open surgical repair.? Nonetheless, some studies reports a higher recurrent infection
rate after EVAR than after OSR (relative risk = 2.42:95%Cl) in some study."!

This case report presents the success to treat a ruptured, infected iliac aneurysm in a
patient with disseminated melioidosis at Phramongkutklao hospital by EVAR. Our team selected
the AFX-2 endograft (Endologix, USA) (Figure 2) for EVAR operation. The FDA approved this device
in December 2022. It is a bifurcated, unibody covered endograft design that is superior to a
modular design due to its ability to be implanted in a narrow aortic bifurcation. The five-year

results of the randomized, multi-centre LEOPARD Trial showed no clinically significant difference
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in aneurysm-related mortality, all-cause mortality, rupture, and secondary interventions when

AFX-2 was compared with other cover endografts.?

Y A

Figure 1 Endovascular aortic aneurysm repair (EVAR)"®  Figure 2 AFX-2 endograft

Case Report

A 64-year-old Thai construction worker presented with right lower quadrant abdominal
pain for three months, accompanied by a noticeable mass and low-grade fever during the week
preceding hospital admission. His medical history included hypertension, dyslipidaemia, and
chronic heavy smoking. Physical examination showed a body temperature 38 degree Celsius and
left lower quadrant tenderness without guarding. No abnormal skin lesions were detected.

Plain film acute abdomen series were unremarkable. Initial laboratory tests demonstrated
leukocytosis with neutrophil predomination, normal kidney function test, and normal electrolyte
levels. Further blood tests for infection revealed an elevated erythrocyte sedimentation rate
(ESR) of 64 mm/hr. (reference range 0-15 mm/hr.) and a C-reactive protein (CRP) level of 136
me/L (reference range 0-5 mg/L). Prior to antibiotic treatment, two blood culture specimens
were collected. Burkholderia pseudomallei septicaemia was subsequently reported three days
after initial management. A contrast-enhanced computed tomography (CT) scan of the abdomen
showed a 7-cm concealed ruptured right common iliac artery (CIA) aneurysm, which contained a

rim-enhancing cystic lesion and showed perilesional fat stranding. These CT imagings were
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consistent with an infected ruptured right common iliac aneurysm. (Figure 3). CT scan findings
of infected aortic aneurysm reported in literature include saccular and multilobulate lesions (88-
92%), periaortic rim enhancement 95%, periaortic fat stranding 94% and lymphadenopathy
62%.”' Furthermore, the spleen demonstrated multiple irregular, low-enhancing lesions with

calcified components, consistent with splenic abscesses (Figure 4). The results of investigations

suggested disseminated melioidosis with an infected iliac aneurysm.

coronal view axial view

Figure 3 Patient CT scan shows infected ruptured right common iliac aneurysm

coronal view axial view

Figure 4 Splenic abscess, computerized tomography showed the multiple irregulars, low-

enhancing lesions with calcified components
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After investigation and resuscitation, an empirical antibiotic was prescribed. Because of a
high surgical risk, endovascular surgery was chosen for emergency treatment. The patient
underwent EVAR using the AFX-2 endograft system (Figure 2) combined with a right internal iliac
artery Concerto coil (Medtronic, USA) embolization to exclude the infected right common iliac
aneurysm. The lower abdominal pain symptoms were relieved, but the patient still complained
of dull aching in the left upper quadrant of the abdomen with a high-grade fever. A CT scan was
performed again 7 days after surgery. It presented a reduction in aneurysm size and multiple
rim-enhancing lesions in the peri-iliac area (Figure 5). In contrast, the splenic abscess lesion did

not respond to intravenous antibiotics.

Figure 5 A reduction of thrombosed aneurysm size and multiple rim-enhancing lesions at the

peri-iliac area

Then, an open splenectomy with peri-aortic abscess drainage was performed via a left
subcostal incision and a right Gibson’s incision for elimination of splenic lesions (Figure 6) and
the right periaortic abscess (Figure 7). The tissue cultures from aneurysm and spleen were
Burkholderia pseudomallei, which was susceptible to the previously administered antibiotics.
After the drainage procedure, the systemic symptoms were dramatically relieved. The patient
was discharged after 14 days of ceftazidime and continued lifelong oral co-trimoxazole (400:80,

1 tab oral three times daily)
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Figure 6 A splenic abscess specimen Figure 7 Right periaortic abscess

A routine follow-up program was performed normally. The patient had no fever or
abdominal pain. The ESR and CRP values returned to normal levels. No surgical wound
complications were detected. Annual computed tomography angiography (CTA) was performed.
It demonstrated a reduction in the periaortic abscess was demonstrated. A third-year of CTA
evaluation showed the absence of an infected aneurysm (Figure 8). Finally, the patient died 3

years after surgery due to advanced ampullary carcinoma.

Figure 8 A third year of CTA showed an absent of infected aneurysm
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Discussion

Infected aortoiliac aneurysms are a challenging vascular disease, particularly when
combined with a systemic infection, such as disseminated melioidosis caused by B.
pseudomallei. Traditional open surgical repair has been the standard treatment but is associated
with considerable perioperative morbidity and mortality, especially in high-risk patients. EVAR
offers a minimally invasive alternative, reducing the physiological stress associated with open
surgery. Many studies have shown that the survival rate at 3 months was higher for EVAR
compared with standard open surgical repair.!? However, additional minimally invasive surgical
drainage procedures are required in some cases. However, EVAR in infected aneurysms poses
concerns regarding reinfection or persistent colonization of the endograft. Long-term outcomes

remain under investigation, and further studies are needed to establish its efficacy and safety.

Conclusion

The AFX-2 endograft in EVAR presents a feasible and practical alternative to open surgical
repair for ruptured, infected aortoiliac aneurysms, particularly in high-risk patients or those with
disseminated infections. However, adjunctive procedures for infected tissue elimination must be
combined for a good treatment result. Short to medium-term outcomes in this case are
promising. However, a long-term follow-up program is still necessary to close monitor efficacy,

stent patency, and late complications.
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