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Abstract

The intestinal organoid represents a miniature organ that can mimic functional physiology and pathology. However, 
there are several challenges to developing the organoid system, such as the limited survival of cells. Based on theory, 
matrix addition is a factor that can support survival in cells. As a result, graphene oxide (GO) addition is used in this 
study. As an artificial matrix, GO has been successfully shown to encourage good cell behavior and is well known 
for having good biocompatibility. Herein, we fabricate GO characterized with FT-IR and PSA. Crypt-like structures 
(CLS) are isolated from small intestinal mice in GO addition as a matrix. The gene expression and cell viability of 
CLS are investigated. RT-PCR examined the gene expression in CLS, while cell viability of CLS was carried out using 
the staining method. This study was conducted at FiNder U-CoE and Parasitology Laboratory of HSE Universitas 
Padjadjaran Bandung during February and December 2023. Our results show that Vil-1 as an identity for cells in 
the intestinal epithelium has been expressed in CLS primary significantly higher than intestinal tissue (p=0.01). 
However, identifying Lgr5 in CSL isolates is tricky. Thes in the crypt may be limited. Besides that, cell viability 
of CLS with GO addition can be maintained for four days. The GO addition as a matrix may provide support to 
maintain CLS. These findings are promising as cell-based assays for developing organoid models.

Keywords: Cell culture, graphene oxide, matrix, organoid
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Introduction

Cell-based assays have been an important 
component of drug discovery because they 
provide a simple, quick, and cost-effective 
technique for avoiding large-scale and costly 
animal testing.1 Two-dimensional (2D) cell 
cultures as traditional in vitro assays have been 
widely used in the pharmaceutical industry for 
drug discovery.2 However, these assays have 
several obstacles, such as not being able to 
control cell shape, losing the ability to regulate 
cells, being limited to a single type of cell, and not 
being able to reflect the physiological complexity 
of the tissue so that it can produce bias in 
predicting specific tissue responses.1,3 Recently, 
three-dimensional (3D) cell cultures have been 

developed as a better model for evaluating and 
promoting improved cell- and organ-based assays 
for representative physiology and better drug 
response prediction.4,5 The intestinal organoid is 
one of the most commonly used models. Previous 
studies have shown that the intestinal organoid 
can recapitulate functional physiology and 
pathology.6,7 Furthermore, the intestinal organoid 
has shown successful models that may simulate 
the native organ, including gene and protein 
expression, metabolic activity, tissue engineering, 
and even pathology, which is greater than 2D cell 
culture models.8,9 However, there are obstacles to 
creating the organoid system, such as constraints 
in culture system survival and maturity, even 
cell function, and a high level of cell variability.9 
Furthermore, studies with references showed the 

Copyright @2024 by authors. This is an open access article under a Creative Commons Attribution-NonCommercial-ShareAlike 
4.0 International License (https://creativecommons.org/licenses/by-nc-sa/4.0).
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limitations of survival in the culture system for 
developing intestinal organoid models.7,10

Matrix addition is one of the factors that 
influences organoid culture outcomes.11 
Moreover, matrix addition is a significant 
factor in developing organoids to decrease 
cell apoptosis by maintaining survival in the 
culture system.12 Culture organoids are grown 
in matrigel as a matrix.13,14 However, xenogenic 
contaminants are found in matrigel, and 
variability in the composition of matrigel makes 
the development of organoids challenging.15,16 
Xenogenic contaminants detected in matrigel can 
interfere with organoid behavior.16 Furthermore, 
heterogeneity in the composition of matrigel 
encourages variability in the physical and 
biochemical properties of matrigel, which makes 
it difficult to manipulate cell behavior and obtain 
precise biological responses.16 Interestingly, 
graphene oxide (GO), a synthetic material, has 
been employed as an artificial matrix in tissue 
engineering and regeneration, displaying its 
capacity to direct cell behavior effectively.17,18 GO 
can increase mechanical characteristics, promote 
cell proliferation and adhesion, have a high water 
absorption capacity, have no effect on cytotoxicity, 
and even have antioxidant capabilities to 
neutralize free radicals because GO possesses 
electrons on its surface.19 GO has also been 
demonstrated to regulate gene expression in tissue 
engineering and regeneration.20,21 Therefore, GO 
may have the potential for developing organoid 
models because it encourages good behavior by 
creating a microenvironment in vivo.20,22

This study aimed to investigate the effects of 
GO addition as supported factors such as CLS 
culturing. Maintaining CLS's structures and cell 
viability in the addition matrix is the first step in 
developing an intestinal organoid model as a cell-
based assay.

Methods

This study was carried out between February and 
December 2023 at the Parasitology Laboratory 
of HSE and FiNder U-CoE Universitas 
Padjadjaran Bandung. Materials used in this 
study: phosphate buffered saline/PBS (Sisco 
Research Laboratories), trypsin/EDTA 0.25% 
(PAN-Biotech), fetal bovine serum (Sigma-
Aldrich), penicillin-streptomycin (PAN-Biotech), 

gentamicin (PAN-Biotech), Dulbecco's modified 
eagle medium/DMEM (PAN-Biotech), insulin 
human recombinant (PAN-Biotech), hydrochloric 
acid fuming 37% (Supelco), ethanol, graphite 
(Merck), HCl (Supelco), NaNO3 (Merck), KMnO4, 
H2SO4, H2O2 (Merck), distilled water, silicon oil, 
ice, NaCl, propidium iodide (Sigma-Aldrich).

GO synthesis is carried out by a modified 
method based on protocol with references.23 
Graphite (4 g) and 2 g NaNO3 were put into the 
tube and stirred until mixing. After that, pour 
H2SO4 slowly. In the ice bath phase, the tube 
was placed in a container filled with ice, and the 
mixture was stirred for 30 minutes. 10 g KMnO4 
was added slowly and stirred for 30 minutes. The 
ice is discarded in the container while the tube 
remains above the stirrer. The container was filled 
with silicone oil, and the tube was placed in the 
container. Increase the temperature by 35–40°C 
by maintaining the temperatures at 35°C and 
stirring for 1 hour (at this point, the color typically 
changes to brown). Then, 90 ml of distilled water 
was slowly added, and the temperature was 
raised to 98°C and stirred for 40 minutes (at this 
point, it usually turned a brownish color that 
became increasingly clear). Distilled water (400 
ml) was added to the mixture, and then 50 ml of 
H2O2 was slowly added and stirred for 30 min. 
Subsequently, the mixture was left overnight.

The following day, after it settles, the clear 
liquid part is discarded while the settled part is 
retained. Then, 10 ml of HCl was added, stirred 
for one hour, and allowed to settle. After it settles, 
take a temperature measurement and discard 
the top part of the clear liquid, maintaining the 
part that has settled. Then, 2,500 ml of distilled 
water was added, stirred for 30 min, and left to 
settle (centrifugation stage and repeated pH 
measurements). Centrifugation (at 10,000 rpm 
for 5 minutes) was repeated to separate the settled 
and transparent liquid. In contrast, temperature 
measurements were carried out to obtain a 
neutral pH according to the pH of the distilled 
water used. After the pH reached neutral, it was 
dried at 60°C.

Structures were characterized using FT-IR 
(Thermo Scientific Nicolet iS5 in the wavenumber 
range of 400–4,000 cm–1) and particle 
measurement using particle size analysis/PSA 
(Horiba Scientific SZ-100).

Ethical approval was obtained from the 
Research Ethics Committee at the University of 



Global Medical and Health Communication, Volume 12 Number 3, December 2024

171Haura Labibah Salsabil Sulaksono et al.: Promotion of Crypt-like Structures in Intestinal Organoid Development

Padjadjaran, 576/UN6.KEP/EC/2023. Male mice 
of Wistar swabs of 6–12 weeks-old swabs were 
obtained from the Animal Laboratories Eijkman, 
Faculty of Medicine, Universitas Padjadjaran. In 
the present study, the mice were sacrificed by the 
physical cervical dislocation method.

The CLS–isolation method is modified 
based on protocol with references.24,25 A mouse 
was sacrificed according to ethical approval 
regulations, dissected, and harvested 15 cm of 
the small intestine proximal to the stomach. The 
segment was then placed into a Falcon tube (50 
ml) with 15 ml cold PBS (2–8°C) and gentamicin 
0.5 mg/ml. Shake the Falcon tube in the circle 
for 5 minutes to remove contaminants attached 
to the intestinal segment. Next, tweezers transfer 
the intestinal segment to a dish containing 10 
ml of cold PBS (2–8°C). The intestinal segment 
was cut lengthwise using scissors and rinsed to 
remove fat attached to the tissue. Transfer the 
intestinal segment to a new dish containing cold 
PBS (2–8°C) and rinse (repeat steps two times, 
ensure the fatty tissue and contaminants are 
removed). Cut the intestinal segment into 4–8 
mm pieces and place into 50 ml of the Falcon tube 
with 15 ml cold PBS containing gentamicin (0.5 
mg/ml) and vortex at 250 rpm for 5 minutes to 
remove contaminants. Discard the supernatant, 
add 15 ml of cold PBS (2–8°C) to a 50 ml Falcon 
tube, and shake 15–20 times in a circular motion 
(repeat these steps three times).

After that, add 15 ml of cold PBS (2–8°C) 
to a 50 ml Falcon tube and use a serological 
pipette to pipette the intestinal pieces up and 
down five times gently. After that, shake it 
15–20 times in a circular motion, then remove 
the supernatant (repeat this step 15–20 times 
or until the supernatant is clear). When the 
supernatant is clear, remove it and resuspend the 
tissue pieces in 10 ml of cell dissociation reagent 
at room temperature (15–25°C) and incubate it 
for 10 minutes while shaking slowly in a circular 
motion and allowing the tissue pieces to settle by 
gravity. Pipette off and discard the supernatant, 
leaving just enough liquid to cover the tissue 
pieces. Resuspend the tissue pieces in 10 ml cold 
PBS (2–8°C) containing 0.1% FBS (2–8°C) and 
vortex at 250 rpm for 20 seconds, allowing the 
tissue pieces to settle in the below. Transfer the 
supernatant carefully with a pipette and filter it 
through a 70 µm filter.

Then, collect the filtrate in a new 50 ml Falcon 

tube. Discard the filter, label the filtrate "Fraction 
1," and place the fraction on ice. Following that, 
resuspend the tissue pieces in 10 mL of cold PBS 
(2–8°C) containing 0.1% FBS (2–8°C) and vortex 
at 250 rpm for 20 seconds, allowing the tissue 
pieces to settle in the below (repeat these steps 
to get Fraction 2–4). After getting four fractions, 
centrifuge each fraction at 290 RCF for 5 minutes. 
Pipette off and discard the supernatant, retaining 
the pellet in each tube. Resuspend each pellet 
in 10 ml of cold PBS (20–8°C) containing 0.1% 
FBS (2–8°C), then centrifuge at 200 RCF for 
3 minutes. Carefully discard the supernatant, 
retaining the pellet in each tube.

After obtaining four fractions, resuspend each 
fraction in 4 ml of cold DMEM/F12 (2–8°C) to 
prevent and reduce cell damage. Add 1 ml of each 
fraction using an inverted microscope. Select 
two fractions enriched with intestinal CLS (CLS 
that are desirable for culture can be of various 
sizes, typically rectangular or singular in shape; 
usually, fractions 3 and 4 are enriched CLS). 
Mix fractions 3 and 4 and transfer 1 ml to the 
labeled two Falcon tubes of 15 ml (the number 
of Falcon tubes is adjusted to the number of 
treatments; CLS without GO and CLS with GO, 
then centrifuge each Falcon tube at 200 RCF for 
5 minutes and discard the supernatant, retaining 
the pellet in the bottom of each tube. Next, add 
150 µl of the CLS medium at room temperature 
(15–25°C) to each tube, then add 150 µl of 
treatment as a matrix (GO) to the labeled Falcon 
tube. Carefully pipette 50 µl of each suspension 
into the center of each of the six wells of the pre-
warmed 24-well plate. Place the plate at 37°C 
for 10 minutes, then add 750 µl of medium crypt 
complete at room temperature (15–25°C) by 
carefully pipetting the medium down the side 
wall of each well. Transfer and place the lid on 
the culture plate, then incubate at 37°C and 5% 
CO2. Finally, it was observed using an inverted 
microscope regularly and changed with 750 µl 
of fresh medium complete at room temperature 
(15–25°C) three times for a week.

RNA isolation was prepared by harvesting 
the CLS from each well of the plate with 150 µl 
cell dissociation reagent in each well of the plate. 
Then, they are transferred to the labeled Falcon 
tube of 15 ml containing 1 ml DMEM (the labeled 
Falcon tube is adjusted for each treatment). 
Centrifuge at 290 RCF for 3 minutes, discard 
the supernatant, and retain the pellet. Add 150 
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µl of DMEM to each pellet and then transfer to 
a microtube. After obtaining CLS, RNA isolation 
from CLS is received by an RNA extraction 
kit (MagEX). Besides that, real-time PCR 
preparation uses mixing PCR (SensiFAST SYBR 
No-ROX One-Step Kit) and mixing each reagent 
according to kit composition to each labeled 
primer microtube. Quantitative RT-PCR was 
performed with a LightCycler®480 using SYBR 
Green I/HRM dye (465–510). The sequences 
of the PCR primer are listed in Table 1.26 The 
experiments were carried out in triplicate.

Morphology CLS analysis was examined using 
a microscope (Inverted Biological Microscope, 
Labtron Equipment Ltd, UK). The gene expression 
of CLS measurement was carried out to identify 
cells of the epithelium intestinal.26 Propidium 
iodide (PI) staining to show cell viability of CLS 
through CLS was seeded onto a 96-well plate 
and incubated for four days. To investigate the 
viability of CLS for four days, CLS without and 
with GO were treated with and without 5FU for 
four days and stained with PI.
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Statistical significance was performed using 
Prism 9 (Grapadh Software, La Jolla, CA, USA). 
The number of CLS, death cells, and PCR data 
was analyzed with a t-test. Each experiment was 
repeated three times. Statistical significance was 
assumed for p-values<0.05.

Results

This study shows GO characterization, such as 
FT-IR and PSA. The varying presence of oxygen 
functional groups is measured with each wave 
peak consisting of 3,499 for the O-H group; 1,712 
for the C=O group; 1,613 for the C=C group; 
1,370 for the C-OH group; and 1,041 for the 
C-O group as shown in Figure 1A. Besides that, 
the PSA characterization of GO shows that GO 
is smaller after 30 minutes of sonication than 
before sonication, as shown in Figure 1B. The 
average size distribution of GO after sonication 
shows 84.5 nm (Figure 1B 2) compared to GO 
before sonication (Figure 1B 1), namely 697.8 nm. 
These results indicate that GO is dispersed by the 

Table 1	 Quantitative RT-PCR Primers

Primer Gene for Mouse Forward Primer Reverse Primer

Lgr5 Stem cells intestinal GACGCTGGGTTATTTCAAGT
TCAA

CAGCCAGCTACCAAATAGGT
GCTC

Vil-1 Enterocytes GACGTTTTCACTGCCAATACCA CCCAAGGCCCTAGTGAAGTCTT
GAPDH Housekeeping gene AACTTTGGCATTGTG GAAGG ACACATTGGGGGTAG GAACA

Figure 1	 Graphene Oxide Characterization
Note: (A) FT-IR for graphite and GO; (B) the PSA analysis of GO before (1) and after (2) sonication
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sonication waves, resulting in a smaller particle 
size.

The CLS isolation has been conducted 
successfully with enriched CLS as multicellular 
structures, as indicated by the circular mark 
for each CLS, as shown in Figure 2A. However, 
based on this observation, CLS is more enriched 
in fraction three than in fraction 4. Furthermore, 
fractions are conducted as CLS, identifying gene 
expression in the intestinal epithelium. Figure 
2E shows the expression of Vil-1 is 1.1 fold and 
0.14 fold for CLS primary and intestinal tissue, 
respectively. Furthermore, the expression Vil-1 
in CLS primary was significantly higher than in 
intestinal tissue (p=0.0333; see Table 2).

Moreover, we seeded CLS without and with 
GO for five days, as shown in Figure 2B. Based 
on these results, GO addition can maintain 
CLS better than without GO addition during 
incubation time. Furthermore, Figure 2C shows 
the average number of CLS is 0 and 2.7 for CLS 
without GO and CLS with GO, respectively. 
However, the number of CLS without GO is 0 
because it is contaminated by yeast (Figure 2B). 
Besides that, to investigate the effect of GO on 
maintaining CLS, we seeded CLS without and 
with GO for seven days (Figure 2C). Figure 2E 
shows the average number of CLS, which is 3.5 
and 14 for CLS without GO and CLS with GO, 
respectively. In addition, there were no significant 
differences between the CLS without GO and 

those with GO (see Table 2). However, CLS GO 
addition can be maintained as the number of CLS 
with GO is higher than without GO, as shown in 
Figure 2E.

Fluorescence staining analyses were 
performed to investigate whether the viability of 
CLS can be maintained, which was triggered by 
5FU-induced senescence. Figure 3A shows that 
the group with 5FU treatment demonstrated 
an alteration in their morphology that became 
larger and appeared like a dark spot, considered 
senescence-associated secretory (SASP). In 
addition, based on this observation, the viability 
of CLS can be maintained for 96 hours, even after 
it is treated with 5FU (Figure 3B). Furthermore, 
Figure 3C shows the average number of cell death 
is 93 for CLS without 5FU and 230.5 for CLS 
with 5FU. Based on these results, there were no 
significant differences among them (see Table 2). 
However, CLS can be maintained as the number 
of CLS without 5FU is lower than CLS with 5FU, 
as shown in Figure 3C.

Discussion

This study showed that GO has been synthesized 
successfully. The results of this FT-IR analysis 
indicate the presence of oxygen functional groups, 
such as hydroxyl (O-H), epoxy (C-O), carboxyl 
(C-OH), and carbonyl (C=O) of GO structures.27 
This result supported previous studies.28,29 

Haura Labibah Salsabil Sulaksono et al.: Promotion of Crypt-like Structures in Intestinal Organoid Development

Table 2	 Statistical Analysis with the t-test

t-test Unpaired: 
Expression of 
Vil-1

Sig. t df F Mean 95% CI

Intestinal tissue 0.0333* 3.187 4 37.05 0.1449 0.1234 to 1.790
CLS primary 1.102
Difference between 

±SEM
0.9569±0.3002

t-test Paired Sig. t df SD of 
Difference

Mean of 
Difference 95% CI

CLS with and without 
GO for five days  

0.1567 2.219 2 2.082 2.667 −2.504 to 7.838

CLS with and without 
GO for seven days

0.0903 7.000 1 2.121 10.50 −8.559 to 29.56

CLS+GO with and 
without 5FU for 
cell viability 

0.2754 2.165 1 89.90 137.5 −669.3 to 944.3
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Figure 2	 Crypt-like Structures Characterization
Note: (A) raw CLS were isolated, scale bar 100 µm with 10× magnification from the small intestines of Wistar swiped
mice at 6–12 weeks; (B) CLS is seeded without and with GO for 5 days with 40× magnification, scale bar 100 µm; 
(C) CLS is seeded without and with GO for 7 days with 20× magnification, scale bar 100 µm; (D) the number of 
CLS without and with GO was quantified for 5 days; (E) the number of CLS without and with GO was quantified 
for 7 days; and (F) fold expression of Vil-1 as identified cells in epithelium intestinal with statistical significance 
considered *p<0.05 (n=2, t-test)



Global Medical and Health Communication, Volume 12 Number 3, December 2024

175

Furthermore, GO, which has been synthesized, 
was used in this study as a matrix addition 
for seed CLS isolation. In the present study, 
CLS isolation morphology has characteristics 
similar to previous studies.30,31 These results 
indicated that CLS isolates have been successfully 
obtained. Besides that, we received 24 CLS (data 
not shown). Every crypt contains around 16 cells 
and around 20–25 cells in the lower and upper 
columns of the crypt, respectively. Furthermore, 
the crypt contains around 4–16 stem cells and 4–6 
transit-amplifying cells (TA).32 Crypt obtained 

Figure 3	 Cell Viability of CLS
Note: (A) morphology of CLS+GO without and with 5FU treatment with 20× magnification, scale bar 100 µm; 
(B) CLS+GO without and with 5FU treatment, before and after PI staining, respectively, with 10× magnification, 
scale bar 100 µm; and (C) the quantified number of death cells for 4 days

from intestinal primary mice can be used for the 
development of organoids as organ miniatures 
that represent physiology and pathophysiology 
response.33

Various types of cells differentiate in the 
intestinal epithelium, such as enterocytes, 
goblet cells, path cells, and enteroendocrine cells 
originating from the Lgr5 cell stem found at the 
base of the intestinal crypt.34 In this study, CLS 
isolates are examined for gene expression with 
genes of interest, such as Lgr5 and Vil-1, as a gene 
code in stem cells and enterocytes, respectively, 
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besides Gapdh being used as a housekeeping 
gene.26 The housekeeping gene is a gene that 
is stably expressed in all cells of an organism, 
regardless of tissue type, developmental stage, 
and cell cycle state.35 Gapdh is an internal gene 
commonly used in studies with gene expression.36 
Previous studies showed that Gapdh is a stable 
gene used as an internal control in studies 
using various cells and even for organoid model 
applications.37,38

The present study showed that CSL isolation 
is difficult to characterize for Lgr5. These results, 
supported by previous studies, showed that 
isolating and characterizing primary Lgr5 cells 
makes obtaining vibrant cultures in epithelial 
stem cells difficult.39 It could be because the 
number of stem cells in the crypt is limited. Each 
of the crypts comprises approximately 15 stem 
cells in the mouse.40 Furthermore, all stem cells 
compete for niche space between Paneth cells, 
which provide essential Notch ligands that can 
only be induced via direct cell-cell contact, so 
the present cell in a high-WNT environment is 
the limiting resource in the stem cell zone.40,41 
However, Lgr5 is one of the best characterized of 
these markers.42

Besides that, Vil-1 is used to identify cells in 
the intestinal epithelium. Vil-1 is a marker that 
codes enterocytes, the most common cells of the 
intestinal epithelium, even though it is found 
along the crypt-villus axis.40 Furthermore, the 
small intestine can be identified by the presence 
of villi, whereas villi don’t exist in the caecum 
and colon.43 This study showed that fold gene 
expression of Vil-1 for CLS primary is higher 
than in intestinal tissue. These results supported 
the idea that Vil-1 as a marker is used to identify 
types of cells in the intestinal epithelium.

Besides that, CLS is seeded with GO, which 
has the highest average number of CLS without 
GO. These results suggest GO optimization 
may influence the maintenance of cell complex 
structures. These results supported that GO 
addition has effects on cell growth.18 Besides 
that, GO-enhanced cell differentiation is 
required to generate multicellular cells.17,21,44 
Moreover, study with references showed that GO 
promoted good cell behavior, such as mimicking 
cell characteristics appropriated to the native 
cells,17,20–22 improving proliferation,18,22 and even 
regulating gene expression.18,20–22 Furthermore, 
due to GO's morphology, shape, size, and even 
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functional groups, it has unique structures and 
even improves cell interactions.45 Therefore, in 
this study, we used the size of GO to be 84.5 nm. 
Moreover, GO with particle sizes below 100 nm 
shows no cytotoxic effects.46

In addition, CLS is seeded without GO, 
which is contaminated after the second day 
of incubation. It may be caused by the lack of 
control over the environment when the mice 
were sacrificed. Interestingly, CLS seeded in 
GO addition demonstrated no contamination. 
GO has unique physics characteristics, so it is 
antibacterial.22 GO has oxygen groups that play 
significant roles for inactivated bacteria in cells 
through ROS activation, which induces oxidative 
stress and encourages an apoptotic pathway.47 
Moreover, a study with references showed that GO 
has antimicrobial effects, such as antibacterial, 
anti-fungal, and anti-yeast.48 GO has unique 
structures, so it has hydrophilic properties that 
are preferred in cells because it prevents cell 
agglomeration, impacts nutrient limitation, and 
even induces oxidative stress, which promotes 
cell apoptosis.49 Therefore, GO optimization can 
maintain the cell viability of CLS. Furthermore, 
this study showed that the number of death 
cells in CLS+GO without 5FU was lower than in 
CLS+GO with 5FU for four days. It indicated that 
the cell viability of CLS can be maintained.

Conclusions

In the present study, we found that Vil-1, which 
is identified as a cell in the intestinal epithelium, 
is expressed in CLS primary successfully. CLS 
is seeded with GO addition, which can help 
maintain multicellular structures. Furthermore, 
the viability of CLS has shown that it can be 
maintained. To conclude, this finding supports 
cell-based assays, as cell viability assays have 
the potential for developing intestinal organoid 
models.
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Abstract

Non-syndromic cleft palate (NS-CP) is a multifactorial congenital malformation affected by genetic and environmental 
factors. The incidence of non-syndromic cleft lip with or without cleft palate (NS-CLP) varies considerably between 
ethnic groups and geographical regions. TBX22 is a crucial determinant for the formation of intramembranous 
bone in the posterior hard palate. Therefore, TBX22 is fundamental to palatogenesis and supports normal palate 
progress. The rs7055763 and rs41307258 polymorphisms in the TBX22 gene are associated with risk factors for 
NS-CP in the Indonesian Deutero-Malay population. In the previous study, NS-CP still needed to be investigated in 
the Deutero-Malay population. However, there are different races, mainly for the Deutero-Malay population. This 
study aims to determine whether rs7055763 and rs41307258 polymorphisms in the TBX22 gene are risk factors for 
NS-CP in the Deutero-Malay population. This study was conducted in Terpadu Laboratory, Faculty of Dentistry, 
Universitas Padjadjaran, from February until June 2023. The design of this study was a case-control study. The 
DNA patient samples were obtained from saliva and whole blood. Moreover, DNA is extracted, and the rs7055763 
and rs41307258 segments are analyzed using PCR and Sanger sequencing. PCR data was analyzed by chi-square 
testing. In this study analysis, polymorphisms of rs7055763 (G>A) and rs41307258 (T>A) in the TBX22 gene show 
no significant differences between case and control groups, namely 0.911 and 0.645, respectively. However, the 
genotype in the rs41307258 shows the p-value as 0.027, indicating substantial differences and the OR is 1.390. In 
conclusion, the rs7055763 and rs41307258 polymorphisms in the TBX22 gene do not appear to be risk factors for 
developing NS-CP in the Indonesian Deutero-Malay population.

Keywords: Indonesian Deutero-Malay, non-syndromic cleft palate, rs41307258, rs7055763, TBX22
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Introduction

Non-syndromic cleft lip with or without cleft 
palate non-syndromic (NS-CLP) is a congenital 
disorder also known as orofacial clefting, 
comprising disorders such as cleft lip (CL), 
cleft palate (CP) or cleft lip with or without cleft 
palate (CLP).1 Furthermore, CLP is a congenital 
malformation caused by multifactorial factors. 
It occurs worldwide with a frequency of about 
1 in 700 to 1,000 live births, around 45–50% of 
cases being CL/CP, 25–30% for cleft lip (CL), 
and 25% for cleft palate (CP).1–3 Multifactorial 
factors include genetic and environmental 

factors that cause non-syndromic CP.4 Genetic 
factors, such as physical, chemical, and biological 
factors, influence the differentiation, migration, 
and proliferation of neural crest cells, even 
causing CP. Environmental factors associated 
with CP include vitamin intake, diet, access to 
medications, and lifestyle, such as smoking.5–7 
Ethnic and gender differences in the incidence 
of NS-CLP contribute to a genetic component in 
the occurrence of the disorder. Moreover, there 
is a relationship between specific populations 
and population variations in the incidence of 
NS-CLP at birth based on geography. The Asian 
population has the highest prevalence, followed 

Copyright @2024 by authors. This is an open access article under a Creative Commons Attribution-NonCommercial-ShareAlike 
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by the Caucasian population, and the African 
population is approximately 1 in 500 births, 1 
in 1,000 births, and 1 in 2,500, respectively.8 
In West Java, NS-CLP is around 50.53% for the 
most significant type of cleft, followed by CL and 
CP for about 25.5% and 24.42%, respectively.9

The prevalence of CP affects about 1 in 
1,000 live births worldwide.10 NS-CP incidence 
varies considerably between ethnic groups and 
geographical regions.11 Furthermore, NS-CP 
refers to any palate cleft located posterior to the 
incisive foramen, which does not involve the 
alveolar processus or the lip.12 In Indonesia, the 
birth prevalence of orofacial clefts, including NS-
CP, is around 0.2%, with a total of 7,500 cases 
reported each year. This incident highlights 
the need for special attention in the research 
and treatment of this disorder in Indonesia, 
considering the long-term impact on the quality 
of life of patients and their families.13 NS-CP 
influences sufferers are psychological problems 
caused by feelings of shame. Besides that, NS-
CP disorders can also cause eating disorders in 
sufferers. Furthermore, especially for babies 
with NS-CP, parents will have difficulty feeding 
their baby on the first day of birth, so special 
feeding aids are needed. Another prominent 
problem that NS-CP sufferers can experience is 
speech disorders and nasal sounds.1,14 Besides 
that, the Deutero-Malay population is one of the 
ethnic groups in Indonesia consisting of Malay, 
Makassar, Javanese, Sundanese, Bugis, and 
Minang people, even if it has a unique genetic 
background that may influence the frequency 
and impact of NS-CP.15–17 Moreover, the genetic 
factors that influence NS-CP in the Deutero-
Malay Indonesian population are rs2235373 
and rs2235371 polymorphisms in the IRF6 
gene showed that the rs2235373 polymorphism 
influences the functional role of the gene, and it 
is a risk factor for NS-CP incidence.17–19 Besides 
that, the various genes that contributed to the 
occurrence of NS-CP are very diverse, such as 
interferon regulatory factor 6 (IRF6), homeobox 
gene 1 (MSX1), methylenetetrahydrofolate 
reductase (MTHFR), T-box 22 (TBX22).17,18,20–22 
The TBX22 gene is located on the X chromosome, 
and it is part of the T-box gene family, which 
plays a vital role in embryonic development, 
including craniofacial development in NS-CP. 
Furthermore, genetic and environmental factors 
showed that about 50% influence NS-CP risk.23 
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The genetic and environmental factors include 
growth, DNA transcription, nutrient metabolism, 
immunity, and oncogenesis.22 The TBX22 gene, 
which encodes a T-box transcription factor, is a 
candidate gene associated with NS-CP incidence. 
TBX22 gene consists of nine exons at position 
Xq21.1 and has two promoters, P0 and P1.24 
Furthermore, the P0 promoter contains the 
rs7055763 and rs41307258 polymorphisms. 
Single nucleotide polymorphisms (SNPs) can 
affect gene function and play a role in disease 
mechanisms, susceptibility to environmental 
factors, and the increase or inheritance of the 
risk of certain diseases. Inherited polymorphisms 
such as rs7055763 and rs41307258 together are 
referred to as haplotypes.25,26

The various studies showed that the mutations 
in TBX22 were consistently found in NS-CP 
patients in Thai, Brazilian, North American, and 
Indian populations.24,27,28 The role of the TBX22 
gene in NS-CP has yet to be investigated in the 
Indonesian Deutero-Malay population.16–18 
Interestingly, previous studies concluded that 
the TBX22 gene is significantly associated with 
NS-CP incidence.2,24,27 Therefore, this study 
aims to determine whether the rs7055763 and 
rs41307258 polymorphism in the TBX22 gene 
are risk factors for NS-CP in the Deutero-Malay 
population.

Methods

This study was conducted in Laboratorium 
Penelitian Terpadu and Foundation for the CL/CP 
sufferers in Dentistry of Universitas Padjadjaran 
from February until June 2023. This study used 
convenience sampling based on inclusion and 
exclusion criteria. Furthermore, to be eligible to 
participate in this study, a participant must be 
NS-CP without any other abnormalities, willing 
to be included as a patient subject, while healthy 
individuals with no relatives who have had a cleft 
palate in the previous two generations and willing 
to be included as a control subject. Participants 
with NS-CP who do not belong to the Deutero-
Malay community are excluded. The subjects of 
this study were 29 patients with NS-CP from the 
Deutero-Malay population who came to the Cleft 
Lip and Palate Foundation.

Moreover, 58 patients were selected from 
healthy individuals without NS-CP and had a 
family history of NS-CP at least two generations 



Global Medical and Health Communication, Volume 12 Number 3, December 2024

182 Nita Susanti et al.: Polymorphisms of rs7055763 and rs41307258 in TBX22 Gene Haplotype as Risk Factors for Non-

ago as the control subjects. The sample used in 
this study was blood or saliva. The sample that 
forms blood was collected by injection technique, 
while saliva was taken by gargle. This sampling 
technique is explained further. First, tie the arm to 
slow blood flow so that the veins are more clearly 
visible and the blood sample is easy to take. After 
that, they cleaned the sampling area with tissue 
or cotton containing alcohol. Then, a syringe is 
inserted to take the blood sample, followed by a 
transfer to the EDTA tube. The saliva sample is 
conducted by the requirement of the respondents 
in this study not to eat, drink, gargle, brush their 
teeth, or smoke for 1 hour before taking the saliva; 
in addition, the respondents can take a breath, 
following that is hard coughing.

After that, the respondents were asked to 
gargle with the mouthwash for 10–15 seconds. 
Then, hold it in the mouth and repeat to gargle 
3–5 times. Finally, they collected the fluids in the 
mouth into a tube and added them to the mixing 
solution. Shake it till frothy, then wrap it with 
biohazard plastics. The ethics of this study have 
been approved by the Research Ethics Committee 
of Universitas Padjadjaran, number 529/UN6.
KEP/EC/2023. Moreover, the materials of this 
study consist of cell lysis solution containing ten 
mM Tris-HCL with pH 8.0, 25 mM disodium 
EDTA, sodium dodecyl sulfate (SDS) 0.5%, 
K proteinase, RNA-ase, protein precipitation 
solution (ammonium acetate 5M), absolute 
isopropanol, cold alcohol (70%), and TE buffer 
1X.

The study design is a molecular epidemiology 
study with an analytical case-control observation. 
The working method involved DNA isolation 
from the participant's whole blood and saliva. 
The first step is to gargle to generate saliva, while 
an injection procedure is used to collect a whole 
blood sample. Moreover, the method is based on 
protocol with references to get the saliva sample 
and the entire blood.29–33 First, saliva samples 
or 300 µl whole blood were placed in a 1.5 ml 
microtube and centrifuged at around 13,000–
16,000 rpm for 30 seconds. Add 900 µl RBC 
lysis solution for the entire blood samples and 
incubate for 10 minutes at room temperature. 
Next, the leucosis pellet was centrifuged at about 
13,000–16,000 rpm for 20 seconds, then of the 
supernatant (repeat this step until the red of the 
leucosis fades (for the whole blood) and the pellet 
is thick (for saliva samples)). Subsequently, 300 

µl cell lysis solution was added into the microtube 
containing the cell pellets and homogenized 
through up and down pipetting. Added 15 µl K 
proteinase, then homogenize and incubate at 
55°C for 30 minutes. After that, add 1,5 µl RNAse, 
homogenize, and incubate at 37°C for 15 minutes. 
After adding 100 µl of the protein precipitation 
solution to the microtube, it was vortexed for 
15 seconds and then centrifuged for 3 minutes. 
Transferred the supernatant to the 1.5 ml new 
microtube and added 600 µl isopropanol. Next, 
shake the microtube ten times until the clod is 
formed. To extract the DNA pellet, centrifuge 
the microtube for one minute. Following that, 
the cold 600 µl alcohol (70%) was used to wash 
the DNA pellet and centrifuged for one minute 
to remove the alcohol and obtain the DNA pellet. 
Reverse the tube and let the DNA pellet dry on 
the tissue until it evaporates. Lastly, 50 µl of TE 
buffer was added to dissolve the DNA pellet.

In addition, the measurement of DNA 
fragments in the promoter region of the TBX22 
gene used the polymerase chain reaction (PCR) 
technique (thermo fisher PCR). Furthermore, 
the method of this study used primers for the 
rs7055763 and rs41307258 polymorphisms 
with lengths of about 125 bp and 556 bp, 
respectively. The forward and reverse primers 
of the polymorphisms in the TBX22 gene 
were included from the forward primer 5’-3’: 
GAGCTGCCCTGGAGAAATAA and reverse 
primer 5’-3’: AGCACAAGAGAACGTGGTGT. 
Besides that, electrophoresis was performed 
to ensure that the PCR products from the 
amplification had the desired base pair number.

Besides that, sequencing was then carried 
out to determine a nucleotide. In this study, PT 
Genetika Science carried out the sequencing 
technique. Furthermore, a sequencing technique 
is performed to analyze polymorphisms 
rs7055763 and rs41307258 in the genetic 
variation. This begins with the preparation of 
sequencing reactions using the Sanger dideoxy 
method to determine the nucleotide sequence. 
The sequencing results are usually received in 
files with a .ab1 extension. Several programs 
must be installed to open and analyze these 
files. The sequencing results are then completed 
with chromatograms and nucleotide sequences. 
Furthermore, chromatograms are represented by 
the colored lines of the sequence of DNA bases, 
with adenine bases shown in green, guanine 
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bases in black, thymine bases in red, and cytosine 
bases in blue. The polymorphisms of rs7055763 
and rs41307258 in patients with non-syndromic 
cleft palate were observed using sequencing 
techniques.

Moreover, the sequencing results are formed 
by chromatogram data displayed by Chromas 
2.6.5. BioEdit program is used for nucleotide 
sequence analysis. Furthermore, it analyzes 
nucleotide sequences of the case and control case 
samples and compares them with the reference 
nucleotide base sequence. Meanwhile, statistical 
significance was obtained using SPSS statistics 
26. The PCR data was analyzed using the chi-
square test. Statistical significance was assumed 
for p-values <0.05.

Results

The samples were collected from the blood or 
saliva forms based on the patient and control 
subjects; then, DNA extraction was carried out for 
further PCR analysis. After several optimization 
attempts, an optimal condition led to single-band 
PCR products. The overall optimal PCR results of 
the non-syndromic cleft palate case and control 
samples were obtained, followed by sequencing 
techniques to analyze the genetic variations at 
rs7055763 and rs41307258 polymorphisms. In 
addition, the PCR products generated in this 
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study for the polymorphisms rs7055763 and 
rs41307258 in TBX22 genes had a size of 681 bp.

Figure 1 and Figure 2 show the image of the 
design primer and the location of rs7055763 and 
rs41307258 in the TBX22 gene, respectively, and 
the electrophoresis image of the TBX22 PCR 
products.

The variations in the base sequence of the 
gene, as depicted by the arrow in Figure 3 and 
Figure 4, have potential implications. The green-
colored curve, indicating homozygous genetic 
variation, and the single dominant A signal, 
suggesting a homozygous AA base, could have 
significant implications. Similarly, the black-
colored growth curve marked with the letter G 
(GG) and the genetic variation in heterozygotes 
indicated by green and black growth curves with 
two dominant signals for A and G bases (GA) 
could also have important implications. These 
findings, represented in R code, demonstrate the 
genetic variations of homozygous (AA), wild type 
(GG), and heterozygous (GA) in the rs7055763 
polymorphism, as shown in Figure 3.

Figure 4 presents the genetic variations 
of homozygous (AA), wild-type (TT), and 
heterozygous (TA) in the rs41307258 
polymorphism with utmost clarity. The change 
from the T allele, the wild-type allele, to the A allele, 
which denotes the polymorphic allele, is clearly 
explained. The green-colored curve, indicating 

Figure 1	 Design Primer and the Location of rs7055763 and rs41307258 in TBX22 Gene
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Figure 2	 PCR Products of the TBX22 Gene for rs7055763 and rs41307258
Note: for each track in the number (1) DNA ladder, (2) control negative, (3) PCR products with the size in 681 bp

Figure 3	 Chromatogram for rs7055763
Note: (A) homozygous (indicated by the green curve), (B) homozygous (indicated by the black
curve), (C) heterozygous (indicated by both green and black curves)

Figure 4	 Chromatogram for rs41307258
Note: (A) homozygous (indicated by the green curve), (B) is homozygous (indicated by the red 
curve), (C) heterozygous (indicated by both green and red curves)

A B C

80 90 90 100 90

A B C

520 520 520530
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homozygous genetic variation, and the single 
dominant A signal, suggesting a homozygous AA 
base, are unmistakable. Similarly, the red-colored 
growth curve marked with the letter T (TT) and 
the heterozygous genetic variation indicated by 
green and red growth curves with two dominant 
signals for A- and T-bases are presented in a way 
that leaves no room for doubt. These results are 
referred to as the A W code, providing a clear 
understanding of the genetic variations.

Table 1 compares genotypes and alleles of the 
rs57055763 and rs41307258 polymorphisms in 
the TBX22 gene for the case and control group. Our 
thorough research includes comparing genotypes 
and alleles of rs57055763 polymorphism in the 

TBX22 gene, which showed a p-value of about 
0.283 and 0.911, and rs41307258 polymorphism, 
which showed a p-value of about 0.027 and 0.645. 
The p-value of comparing haplotypes in the case 
and control groups of the GT haplotype, GA* 
haplotype, AT haplotype, and AA* haplotype is 
0.984, as summarized in Table 2. The number of 
cases and controls is 34, 78, and 116 (see Tables 1 
and 2), indicating total interaction between each 
group.

Discussion

This study focused on the genetic polymorphisms 
of the rs7055763 and rs41307258 in the TBX22 

Table 1	 Comparison of Genotype and Allele of the rs7055763 and rs41307258 
Polymorphisms in TBX22 in the NS-CLP Case and Control Groups

Genotype/Allele
Groups

OR (95% CI) p χ2Case
n=29 (%)

Control
n=58 (%)

Genotype of TBX22 
rs7055763

0.283 2.527

GG 16 (52) 28 (48) 2.171 (0.680–6.933)
GA 5 (17) 19 (33) 0.362 (0.095–1.384)
AA 8 (28) 11 (19) 0.786 (0.262–2.357)

Allele TBX22 rs7055763 n=58 (%) n=116 (%) 0.963 (0.499–1.858) 0.911 0.013
G 37 (64) 75 (65)
A 21 (36) 41 (35)

Genotype of TBX22 
rs41307258 n=29 (%) n=58 (%) 0.027* 7.217

TT 20 (69) 31 (53) 10.323 (1.268–84.046)
TA 1 (3) 16 (28) 0.086 (0.009–0.788)
AA 8 (28) 11 (19) 0.887 (0.304–2.587)

Allele TBX22 rs41307258 n=58 (%) n=116 (%) 1.175 (0.592–2.332) 0.645 0.213
T 41 (71) 78 (67)
A 17 (29) 38(33)

Table 2	 Comparison of Haplotypes in the Case and Control Groups

Haplotype
Groups

OR (95% CI) p χ2Case
n=29 (%)

Control
n=58 (%)

GT 21 (61.8) 47 (60.2) 0 (0.0–0.0) 0.984 0.459
GA* 0 (0.0) 1 (1.3) 0 (0.0–0.0)
AT 4 (11.7) 2 (2.6) 6.222 (0.972–39.814)
AA* 9 (26.5) 28 (35.9) 1.390 (0.5599–3.454)
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associated with haplotypes as risk factors for NS-
CP incidence in the Indonesian Deutero-Malay 
population. Dixon et al.8 found that the highest 
incidence was in Asian populations. Furthermore, 
the study by Sjamsudin and Maifara9 showed that 
the percentage incidence of CP in the population 
of West Java between 2011 and 2015 was around 
25.05%. Besides that, other studies explained 
that the CP incidence occurs more frequently in 
male patients than female patients. In addition, 
the survey by Pauws et al.24 revealed that the 
incidence of CP occurs frequently in female 
patients because the rs7055763 and rs41307258 
polymorphisms are located in promotor and 
associated with the CP incidence. The other study 
by Gurramkonda et al.28 showed that rs7055763 
and rs41307258 polymorphisms increased the 
NS-CP incidence in South India, as indicated by 
AA haplotypes. Besides that, one-fifth of patients 
have a family history of CP. In addition, most 
patients with CP have low socioeconomic status, 
which is considered an environmental factor10, 
but ecological factors were not considered in this 
study.

Another study by Burg et al.34 demonstrated 
the association of the TBX22 gene with the 
incidence of CP. TBX22, a gene that plays a crucial 
role in palatogenesis, is found to be associated 
with the development of CP. The rs7055763 
and rs41307258 polymorphisms in the TBX22 
gene are located in the promoter region, which 
is upstream of the transcription start site and 
is involved in the initiation of the transcription 
process. This study reveals that the nucleotide 
base polymorphism of rs7055763 changes from 
G to A, while the polymorphism of rs41307258 
changes from T to A. The interaction between 
the polymorphisms of rs7055763 G/A (G>A) 
and rs41307258 T/A (T>A) leads to GT, GA, AT, 
and AA. Errors in the DNA sequence during the 
transcription process can alter the structure and 
function of the resulting product, leading to the 
appearance of different phenotypic traits in the 
organism. This provides a clearer understanding 
of the genetic basis of CP.

Eighty-seven subjects, carefully selected based 
on the inclusion and exclusion criteria, were 
part of this study. The results, which revealed 
all samples had an optimal PCR product labeled 
with single bands, are significant. The sequencing 
results of the rs7055763 and rs41307258 
polymorphisms in the TBX22 gene, compared 

with human nucleotide sequence data in the 
DNA bank, provide crucial genetic variation. 
This study's findings shed light on the significant 
impact of genetic factors on NS-CP incidence 
in the Indonesian Deutero-Malay population, 
including the IRF6 polymorphisms of rs2235373 
and rs2235371. The discovery that the rs2235373 
polymorphism affects the functional role of the 
gene and the action, making it a risk factor for the 
incidence of NS-CP, is particularly enlightening. 
Additionally, the association of MTHFR A1298C 
rs1801131 with NS-CP in the Indonesian Deutero-
Malay population is a significant finding.

The study by Suphapeetiporn et al.,27 which 
showed that the mutation of TBX22 frequently 
causes NS-CP in the Thai population, has 
significant implications. This study aimed to 
investigate whether the mutations in TBX22 
play a role in the formation of NS-CP in the Thai 
population, a question of great interest to the 
medical community. The mutations in the TBX22 
gene were performed in 53 Thai patients unrelated 
to NS-CP, further engaging the audience. The 
discovery that the mutations in the TBX22 gene 
are responsible for a significant incidence of NS-
CP cases in Thailand is a finding of great interest. 
The study by Pauws et al.,24 which showed that 
the rs41307258 polymorphism plays a crucial 
functional role in Brazil, America, and European 
populations, also has significant implications. 
The result showed that the promoter activity 
of the TBX22 gene declines by around 50%, 
leading to the incidence of CP, a finding that will 
surely pique the audience's interest. Haplotypes 
containing the rs41307258 promoter are 
associated with decreased transcriptional activity 
of TBX22, further engaging the audience.

Another study by Fu et al.10 showed that loss 
of function mutations in the X-linked TBX22 
promoter disrupts the ETS-1 binding site and 
causes NS-CP incidence. Furthermore, the 
incidence of NS-CP is identified by the ÿ73G>A 
mutation in the X-linked TBX22 promoter. 
Therefore, the X-linked TBX22 promoter 
mutations can cause CP by disrupting the 
TBX22-ETS-1 pathway. Furthermore, the X 
chromosome harbors the genomic region of the 
TBX22 gene, which is associated with the vital 
role of transcription factors in mammalian cell 
differentiation and embryonic development. 
Gurramkonda et al.28 reported that the rs7055763 
and rs41307258 polymorphisms in the TBX22 
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gene are located in the P0 promoters developing 
pathogenesis of NS-CP in the Indian population. 
Furthermore, the result showed that the 
rs7055763 and rs41307258 polymorphisms had 
a significant p-value in women with NS-CP, for 
around 0.034 and 0.022, respectively. Therefore, 
the two polymorphisms with heterozygous 
and homozygous variation increased the risk 
of developing NS-CP in women. However, the 
rs7055763 and rs41307258 polymorphisms were 
not significant in men. In the AA haplotype, 
carrying both mutant alleles (rs7055763 A - 
rs41307258 A) was significantly associated with 
NS-CP risk in women but not men. Moreover, 
the SNPs were not associated with NS-CP risk in 
men.

This study investigated the role of the 
rs7055763 and rs41307258 polymorphisms in 
the TBX22 gene related to NS-CP incidence in the 
Indonesian Deutero-Malay population. Moreover, 
the rs7055763 polymorphism in the TBX22 
gene shows a positive correlation of allele A and 
genotype AA with the NS-CP phenotype. Besides 
that, there were more allele A and genotype AA 
in the NS-CP group than in the control group. 
However, this result is not statistically significant. 
At the same time, the rs41307258 polymorphism 
in the TBX22 geneshows a positive correlation 
of allele T and genotype TT with the NS-CP 
phenotype. In addition, there were more alleles 
T and genotype TT in the NS-CP group than in 
the control group. Therefore, this study showed 
that rs41307258 and rs7055763 polymorphisms 
in the TBX22 gene as a risk factor for NS-CP in 
genotype, allele, and haplotype in the case and 
control groups show no statistically significant. 
However, the limitation of this study is that 
the sample size may influence these results. 
Besides that, the genotype for the rs41307258 
in the TBX22 gene is statistically significant, as 
summarized in Table 2. In addition, the odds 
ratio shows the value is more than 1, indicating 
potential polymorphisms as risk factors for NS-
CP incidence. However, further study is needed to 
increase the number of case samples in rs7055763 
- rs41307258 polymorphisms of the TBX22 gene, 
even compared with other polymorphisms for 
analyzing their interaction.

Conclusion

In the Indonesian Deutero-Malay population, the 

rs7055763 and rs41307258 polymorphisms in the 
TBX22 gene are not risk factors for developing 
non-syndromic cleft palate.
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Abstract

Pregnancy is a physiological condition characterized by growth in both the fetus and the mother. Various 
biomechanical, physiological, and structural changes in pregnant women cause body posture changes, impacting 
low back pain (LBP). In the third trimester, LBP pain felt by pregnant women is usually accompanied by activity 
limitations and a decreased quality of life. This study aimed to determine the association between the clinical 
characteristics of pregnant women in the third trimester and low back pain. This research was conducted at the 
Department of Obstetrics and Gynecology and Department of Physical Medicine and Rehabilitation, Faculty of 
Medicine, Universitas Padjadjaran/Dr. Hasan Sadikin General Hospital, Bandung from June to December 2017. 
The method is observational analysis with a cross-sectional approach with a sample of pregnant women in their 
third trimester who complained of lower back pain and lived in Bandung. According to the findings, the majority 
of pregnant women with LBP in the third trimester were under the age of 35 (33 of 38), had multiparous parity 
(25 of 38), had normal pre-pregnancy weight (21 of 38), gained an average of 11.28 kg during pregnancy, and 
had a median pain intensity of 5. Age was the only factor significantly correlated with LBP pain intensity; parity 
and weight gain during pregnancy did not. The study concludes a significant association between age in the third 
trimester of pregnancy and the intensity of LBP pain. Still, no significant association was found between parity and 
weight gain during pregnancy with the intensity of LBP pain.
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Introduction

Pregnancy is a physiological condition 
characterized by growth in both the fetus and 
the mother. Biomechanical, physiological, and 
structural changes occur in pregnant women. 
This situation causes changes in body posture 
which results in low back pain.1,2

Low back pain (LBP) affects the muscles, 
nerves, and spine below the costal margin and 
the inferior gluteal folds.3,4 LBP in pregnancy has 
become a global issue, affecting both developed 
and developing countries.5 The prevalence of 
LBP during pregnancy differs per subregion, 
ranging from 24 to 90%.6 Clinical characteristics 
of patients, such as age and parity, have been 
indicated as the most common risk factors for 
LBP.7 The mother's pre-pregnancy weight and 
BMI are also risk factors for LBP during pregnancy. 
LBP usually begins to appear in pregnant women 

in the second and third trimesters of pregnancy.8

     The peak severity of LBP occurs in the third 
trimester. Previous studies have shown that the 
prevalence of LBP increases with gestational age, 
reaching 20% before pregnancy, 40% in the first 
trimester, and 44–70% in the third trimester.9 
As the gestational age increases, there is an 
increase in the lumbar lordotic curve, causing 
LBP and limited movement, which ultimately 
leads to activity restrictions.10 During the third 
trimester, pregnant women's pain is frequently 
accompanied by a decrease in activity and quality 
of life.11 LBP frequently interferes with activities 
and negatively impacts the life quality of pregnant 
women. Previous research indicates that one-
third of the population suffering from LBP reports 
that acute pain is frequently related to limitations 
in women's capacity to work efficiently, resulting 
in a low quality of life.12 As a result, women's 
productivity in routine daily activities is reduced.

Copyright @2024 by authors. This is an open access article under a Creative Commons Attribution-NonCommercial-ShareAlike 
4.0 International License (https://creativecommons.org/licenses/by-nc-sa/4.0).
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Understanding the association between 
clinical characteristics of pregnant women and 
LBP, as defined by pain intensity indicators, 
is crucial for improving the quality of health 
care, particularly for pregnant women in the 
third trimester. Previous studies have discussed 
the association between LBP and the clinical 
characteristics of pregnant women, but not many 
have focused on the association among pregnant 
women in the third trimester.13,14 This research 
aims to fill this gap by determining the association 
between the clinical characteristics of pregnant 
women in the third trimester and low back pain.

Methods

The research method used is observational 
analysis with a cross-sectional approach. This 
research activity was conducted at the Department 
of Obstetrics and Gynecology and Department 
of Physical Medicine and Rehabilitation, 
Faculty of Medicine, Universitas Padjadjaran/
Dr. Hasan Sadikin General Hospital, Bandung 
from June to December 2017. The sample in 
this study were pregnant women in their third 
trimester who complained of lower back pain 
and lived in Bandung. The sampling technique 
used in this study was nonprobability sampling 
with the consecutive sampling method. In this 
consecutive sampling method, researchers took 
all subjects diagnosed with low back pain in the 
third trimester of pregnancy until the minimum 
number of subjects was met. The sample size 
was determined following the study's research 
objectives and data types in the study. The 
total sample was 38 patients. In this study, low 
back pain was described using pain intensity 
indicators. Pain intensity is measured using a 
numeric rating scale (NRS) from 0–10. A score 
of 0 means no pain, 1–3 means mild pain, 4–6 
means moderate pain, and 7–10 means severe 
pain. The collected data was then processed 
and analyzed statistically using univariate and 
bivariate analysis methods. Univariate analysis 
aims to determine the description of the 
characteristics of respondents, while bivariate 
analysis is to determine the association between 
the characteristics of pregnant women in the 
third trimester and the intensity of low back 
pain using the chi-square, Mann-Whitney, and 
Spearman rank correlation statistical tests. The 
ethical clearance of the study is No. LB.04.01/

Mira Dyani Dewi and Meike Rachmawati: Association between Clinical Characteristics of Pregnant Women in the

A05/EC/008/I/2018.

Results

According to Table 1, the majority of pregnant 
women in the third trimester with LBP were 
under the age of 35 (33 of 38), had multiparous 
parity (25 of 38), had normal pre-pregnancy 
weight (21 of 38), and gained an average of 11.28 
kg during pregnancy.

Pain intensity in low back pain in third-
trimester pregnant women who live in Bandung is 
expressed on the NRS scale with a range of 0–10. 
According to Table 2, the median pain intensity 
value for pregnant women in the third trimester 
is 5, while the maximum pain intensity is 8.

The association between clinical 
characteristics of pregnant women in the third 
trimester and LBP pain intensity was analyzed 
using bivariate analysis. Table 3 shows that only 
age is significantly associated with LBP pain 
intensity, with a p-value of 0.029 (p<0.05) and 
a positive correlation. Parity is not significantly 
associated with pain intensity, with a p-value of 

Table 1	 Characteristics of Pregnant 
Women

Variables n=38

Age (years)
<35
≥45

33
5

Parity
Primiparous
Multiparous

13
25

Body weight before pregnancy
Underweight
Normal
Obesity
Overweight

1
21
3

13
Weight gain during pregnancy 
(kg)

Average (SD)
Range

11.28 (5.02)
3.70–33.00

Table 2	 Frequency Distribution of LBP 
Pain Intensity

Pain Intensity

Median 5
Range 5–8
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0.113 (p>0.05), and the correlation is positive. 
Weight gain during pregnancy also does not have 
a significant association with pain intensity, with 
a p-value of 0.211 (p>0.05), and the correlation 
is negative.

Discussion

LBP usually begins to appear in the second or 
18th weeks of pregnancy and peaks in the 3rd 
trimester.4,15 In this study, it was found that the 
median pain intensity in pregnant women in the 
third trimester was 5, which means moderate 
pain. Research by Saxena et al.16 in India showed 
similar results with an average pain intensity 
of 4.9. Sencan et al.17 in Turkey found a lower 
average of 3.7, while Gutke et al.18 in England 
found a higher average of 7. The varying pain 
intensities in each country reflect social and 
cultural factors that influence the perception of 
LBP during pregnancy.6

The intensity of LBP typically increases with 
gestational age. Based on research conducted by 
Backhausen et al.9 in Denmark, pregnant women 
at 32 weeks of gestation have a more excellent 
pain intensity score than those at 20 weeks. The 
median pain intensity score during 32 weeks of 
gestation is 4, whereas, at 20 weeks, it is 2.7.

A shift in the center of gravity causes 
increased LBP pain during the third trimester 
of pregnancy.19 The increased uterus size during 
pregnancy might weaken the abdominal muscles, 
putting more strain on the lumbar muscles. The 
pelvis rotates sagittally around the second sacral 
segment, which serves as a fulcrum. It creates 
hyperlordosis, which shifts the woman's center 
of gravity forward and exacerbates her LBP pain.4

In addition, hormonal changes might cause 
low back pain. Estrogen, progesterone, and 

relaxin are prenatal hormones that influence 
the musculoskeletal system in preparation for 
childbirth.4 During pregnancy, elevated amounts 
of relaxin, progesterone, and estrogen can lead to 
increased joint laxity. Estrogen and progesterone 
increase fluid and salt retention, while relaxin 
softens the body's ligaments, making pregnant 
women particularly sensitive to damage. 
Although the effects of relaxin are still widely 
debated, estrogen and progesterone are known to 
affect the biomechanical structure of a pregnant 
woman's posture by affecting connective tissue 
and increasing the mobility of joint capsules and 
spinal segments.11

There is currently no consensus regarding 
the risk factors for LBP in pregnancy. However, 
age has been indicated as a risk factor for LBP.7 
In this study, the majority of pregnant women in 
the third trimester with LBP who had a moderate 
pain intensity were under 35 years old (33 of 38) 
with a p-value of 0.029 (p<0.05) and a positive 
correlation. The p-value of 0.029 suggests a 
significant association between age and pain 
intensity in LBP, and the positive correlation 
implies that as you age, the severity of LBP 
pain increases. These findings are consistent 
with Mulati et al.'s20 research, which suggests a 
correlation between age and LBP. This happens 
because older adults, including pregnant women, 
generally undergo neurophysiological changes 
that might increase pain threshold and decrease 
awareness of sensory stimuli. Aside from that, 
chronic disorders such as heart abnormalities, 
cardiovascular disease, or diabetes mellitus, 
which are common in the elderly, begin to impair 
nerve impulse transmission. This condition is 
exacerbated by the tendency of older people 
to consider pain as a natural component of the 
aging process and not immediately treated by 
health workers. Hence, the intensity of LBP pain 
becomes worse in older pregnant women in the 
third trimester.21

Parity has been identified as a risk factor for 
LBP. The results of the study showed that most 
pregnant women in the third trimester who 
experienced LBP with a median pain intensity of 5 
had multiparous parity (25 of 38), with a p-value 
of 0.113 (p>0.05) and a positive correlation. 
The p-value of 0.113 indicates no significant 
association between parity and pain intensity in 
LBP. These findings are consistent with Manyozo 
et al.'s7 research, which found that gravidity was 

Table 3	 Association between the 
Characteristics of Pregnant 
Women in the Third Trimester 
and LBP Pain Intensity

Variables
Pain Intensity

rs* p

Age 0.354 0.029
Parity 0.261 0.113
Weight gain during pregnancy −0.208 0.211
Note: *Spearman ranks correlation test, *significance p<0.05
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not significantly associated with the occurrence 
of LBP in the sample population when tested at 
a significance level of 5%. Backhausen et al.'s9 
research yielded different results, indicating that 
multiparity predicted low back pain ranging from 
moderate to severe. The study also found that 
parity has a positive correlation value, implying 
that the more parity, the higher the pain intensity. 
Previous studies indicated that the increased 
risk of LBP at parity has limitations because of 
numerous confounding factors, such as young 
age and a history of LBP.15 The prevalence tended 
to rise with subsequent births following the first 
birth, but this increase mostly vanished when the 
age at first birth was considered.

Weight gain during pregnancy is also a risk 
factor for LBP. The findings revealed that the 
average weight gain during pregnancy among 
pregnant women in the third trimester who 
suffered LBP with moderate pain intensity was 
11.28 kg, with a p-value of 0.211 (p>0.05) and a 
negative correlation. The p-value of 0.211 suggests 
no significant association exists between weight 
gain during pregnancy and pain intensity in LBP. 
In contrast, the negative correlation indicates 
that the lower the weight gain during pregnancy, 
the greater the pain intensity. This finding 
contradicts Berber and Satılmış's22 research, 
which found a statistically significant difference 
in weight gain during pregnancy between groups 
of pregnant women who suffered from LBP and 
those who did not. Pregnant women with LBP 
tended to gain more weight. The difference in 
results is assumed to be because the weight of 
pregnant women who experienced the slightest 
weight gain had a high weight from the start, so 
their weight did not increase significantly during 
pregnancy.

Weight gain during pregnancy is common and 
important for fetal growth. Generally, pregnant 
women experience a weight gain of 11 to 15 
kilograms. The increase in body weight elevates 
the load on the spine, causing back pain. Aside 
from that, increased fetal weight and uterine size 
contribute to LBP pain by putting more pressure 
on blood vessels and nerves in the back and 
pelvis.23 This results in a higher prevalence of 
LBP in the third trimester than in the second and 
first trimesters.

This study has limitations, namely the lack 
of data on the history of LBP before pregnancy, 
which is one of the risk factors for LBP in pregnant 

women.

Conclusions

According to the research findings, a significant 
association existed between age in the third 
trimester of pregnancy and the intensity of LBP 
pain. However, no significant association was 
found between parity and weight gain during 
pregnancy with the intensity of LBP pain.
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Abstract

Older adults are at risk of vitamin D deficiency, especially in older women, due to a decrease in the hormone 
estrogen, which causes decreased bone density and increased risk of fractures. There is a relationship between 
vitamin D deficiency and lack of physical activity due to the storage of vitamin D in adipose tissue. Physical activity 
was measured using the International Physical Activity Questionnaire (IPAQ). The aim was to determine the 
relationship between physical activity and vitamin D in elderly women. This cross-sectional analytic observational 
study was conducted at Nursing Home X in Surabaya city from May to August 2023. The variables were physical 
activity (measured by IPAQ to estimate physical activity levels) and vitamin D level (measured by VIDAS® 
instrument to determine 25(OH) levels). The subjects were all women aged ≥60 years. The sampling technique uses 
the purposive sampling method. For an analysis of the relationship between physical activity levels and vitamin 
D levels, the Pearson correlation test was used with a ratio data scale. This research received 49 respondents. The 
average physical activity level was 1316.82±720.90, and most respondents had a moderate physical activity level 
of 44.90%. Vitamin D levels were ≤30 ng/ml for 46 respondents (93.87%). The results of the Pearson correlation 
test were obtained with a rvalue=0.089 and a significance value (Sig.) of 0.542. There was no significant correlation 
between physical activity and vitamin D levels. Other factors such as age, health conditions, and vitamin D intake 
can affect the results. Further research can be developed into measurements to examine physical activity in old age.
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Introduction

Vitamin D deficiency is a common global 
health problem with high prevalence, especially 
in South Asia countries. Vitamin D mainly 
regulates calcium and phosphorus metabolism 
and promotes bone growth.1 Older adults are 
at risk of vitamin D deficiency because vitamin 
D production and metabolism change with 
age due to various factors, such as reduced 
sun exposure and skin production capacity.2  
Physically, geriatrics are less active and have 
poor nutritional status. In addition, there are 
physiological processes that exacerbate the 
decrease in vitamin D levels in the body, such 
as decreased production of vitamin D in the 
skin after sun exposure caused by skin atrophy, 
eating foods that are low in vitamin D, impaired 

gastrointestinal absorption, and decreased 
production 1,25(OH)2D in the kidney.3 Vitamin 
D deficiency is prevalent in postmenopausal 
women, and this undoubtedly exacerbates the risk 
of cardiovascular disease and menopause-related 
dyslipidemia. Estrogen levels drop significantly 
as women go through menopause, and a lack of 
estrogen weakens bones. Vitamin D helps the 
body absorb and use calcium to maintain bone 
structure. 25-hydroxyvitamin D [25(OH)D] 
serves the purpose of calcium absorption and 
appears to be hormonally sensitive. Vitamin D 
deficiency is associated with low bone mass and 
increased fracture risks. Menopausal women are 
at risk of decreased bone density and increased 
risk of fractures due to decreased estrogen levels,1 
reduced vitamin D synthesis in the skin, or 
changes in body composition relevant to vitamin 
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D status and physiology.4 Vitamin D deficiency 
is defined as vitamin D levels below 20 ng/ml 
(50 nmol/liter), and vitamin D deficiency is 
21–29 ng/ml (525–725 nmol/liter). Vitamin D 
deficiency can also be a risk factor for diseases 
such as immune system diseases and infectious 
diseases caused by coronavirus disease 2019 
(COVID-19).5 Research by Pereira et al.6 reported 
that low vitamin D levels were associated with 
COVID-19.

Research by Cui et al.5 shows that 15.7% of the 
global adult population has vitamin D deficiency. 
Vitamin D deficiency can occur in all age groups, 
including menopausal women. Indonesia 
currently has 7.4% of menopausal women from 
the total population, and in 2020, it is estimated 
to reach 11.54% with an average age of menopause 
of 49 years. According to Statistics Indonesia, in 
2015, the number of women in Indonesia who 
entered menopause reached 21.22 million. It is 
estimated that by 2025, there will be 60 million 
menopausal women.7 Another study on the 
incidence of vitamin D deficiency in Indonesian 
women showed that 95% of them (148 subjects 
out of a total of 156) had vitamin D deficiency.8

There is a relationship between vitamin D 
deficiency and lack of physical activity due to 
the storage of vitamin D in adipose tissue due to 
its high fat solubility and decreased exposure to 
sunlight in obese subjects due to limited physical 
activity and limited mobility. It is proven that 
physical activity increases glucose, calcium, and 
vitamin D metabolism and reduces body weight 
by increasing lipolysis.9 Someone who does high 
physical activity will be associated with increased 
vitamin D concentration. Suppose someone does 
less physical activity (low physical activity). In 
that case, it will cause a decrease in vitamin D 
concentration, while someone with high physical 
activity will most likely be associated with 
optimal vitamin D levels.10 Vitamin D can also 
help improve the body's performance in physical 
activities in populations at risk of vitamin D 
deficiency. Previous research by Nascimento 
et al.11 found a significant increase in levels and 
improvements in the body, so there was an 
interaction between vitamin D levels and physical 
activity in maintaining body performance.

Measurement of physical activity in this 
study used a questionnaire, namely the extended 
version of the International Physical Activity 
Questionnaire (IPAQ), which is used to estimate 
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physical activity levels. Data on the relationship 
between physical activity and vitamin D levels in 
Indonesia have been collected by Suryadinata et 
al.,12 conducted at Public Health Center Taman, 
Sidoarjo district, East Java, in March–July 2017. 
The results showed geriatrics with obesity and 
non-obesity had similar levels of physical activity, 
but vitamin D status in obesity tended to be 
lower than non-obese. However, similar studies 
have never been conducted on elderly women in 
nursing homes. These data would greatly assist 
health workers in improving the quality of life of 
these patients. This research aimed to determine 
the relationship between physical activity and 
vitamin D in elderly women.

Methods

This study used analytic observational research 
with a cross-sectional design. Data was collected 
from May 2023 to August 2023 at Nursing 
Home X in Surabaya city. The Institutional 
Ethical Committee of the University of Surabaya 
approved the study, 207/KE/VIII/2023.

This study's population was all women 
aged ≥60 who had experienced menopause in 
Nursing Home X in Surabaya city. The samples 
taken in this study were all populations that met 
the inclusion criteria. The sampling technique 
used is purposive sampling, which meets the 
requirement of not having physical limitations 
such as motor disorders.

Each respondent will be interviewed to fill 
out the IPAQ and take blood samples to check 
vitamin D levels. A phlebotomist from Pramita 
Laboratorium will take a blood sample and test it 
at an accredited laboratory.

Blood sampling was carried out simultaneously 
during the day by the phlebotomist, taking into 
account the time of blood sampling, which can 
affect vitamin D levels.13 After blood collection, 
the laboratory will process the blood by 
centrifuging to obtain serum, which will then 
be tested for vitamin D levels using VIDAS® 
25-OH Vitamin D Total (VITD), which is an 
automatic quantitative test used on the VIDAS® 
instrument to determine 25(OH) levels. D total in 
human serum or plasma with the enzyme-linked 
fluorescence assay (ELFA) technique.

The method for measuring physical activity 
uses the modified IPAQ. The physical activity 
questionnaire contains 12 questions about light, 
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moderate, and vigorous physical activity activities. 
Respondents were interviewed, and then results 
were obtained, which categorized respondents 
into mild, moderate, and vigorous categories 
using the metabolic equivalent of task (MET). 
Physical activity is divided into three categories, 
namely the mild category (<600 MET minutes/
week), the moderate category (600–1,500 MET 
minutes/week), and the vigorous category 
(>1,500 MET minutes/week). This questionnaire 
contains questions about the type of activity, 
duration, and frequency of a person doing physical 
activity in the last 7 days. Physical activity can be 
measured by measuring the amount of energy 
expended/needed in each minute of activity. 
According to the IPAQ assessment protocol, 
MET-minutes/week for a given activity (walking 
moderate-intensity activity or vigorous-intensity 
activity) is calculated by multiplying the MET 
value of the given activity (3.3 for walking, 4.0 
for moderate-intensity activity, and 8.0 for high-
intensity activities) according to hours spent in a 
particular activity, for example walking at work 
= 3.3 × minutes walking × days walking at work. 
MET-minutes/week = (MET × activity minutes × 
days). Information: MET-minutes/week = METs 
produced in one week MET = MET value based 
on activity level minutes = duration of activity in 
one day days = number of days in one activity.14,15 
Results are presented as estimates of energy 
expenditure in metabolic equivalent minutes 
per week (MET-hours/week).16,17 The metabolic 
equivalent of task, or MET, is valid for describing 
energy expenditure from certain activities. MET 
is the ratio of the rate of energy expended during 
activity to the rate of energy expended at rest.18

Before use, the questionnaire (IPAQ)11,16,19 must 
be used as a research instrument, and a validity 
test must first be carried out, consisting of content 
and construct validation. Content validity through 
rational analysis or expert judgment by a panel 
to ensure that measurements are representative. 
Meanwhile, construct validity refers to the 
extent to which a measuring instrument shows 
results following theory. Reliability shows that 
the questionnaire is reliable and consistently 
provides the same results when measured twice 
or more with the same instrument. Cronbach's 
alpha value was >0.6, so the research instrument 
would be reliable.

The relationship between physical activity 
levels and vitamin D levels was analyzed using the 
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Pearson correlation test, with the data scale being 
the ratio. The data was tested for normality using 
the Shapiro-Wilk test; if the p-value>0.05, it was 
concluded that the data was normally distributed. 
The relationship test used the Pearson correlation 
test; if the p-value<0.05, it can be concluded 
that there is a significant relationship between 
physical activity and vitamin D levels.

Results

This research involved 49 geriatric women as 
respondents. Data were collected using physical 
activity questionnaire interviews and vitamin D 
serum tests. The study involved elderly women 
aged 60 years and over. The highest number 
of high-risk elderly women >70 years was 43 
respondents, while the rest were in the 60–70-
year age group.

Regarding body mass index (BMI) 
characteristics, most respondents were of normal 
weight, and 34 respondents had an average 
standard deviation of 21.58±2.16 kg/m2. Most of 
them had no disease history (Table 1).

Based on the data in Table 2, respondents' 
most common physical activity profile was 
exercise (44 respondents) and walking 100 m (39 
respondents). At the same time, physical activities 
that were only done by some respondents were 
cooking and cleaning the garden or the like. 
Seven respondents carry out physical activity in 
the mild category, 22 in the moderate category, 

Table 1	 Frequency Distribution of 
Respondent Characteristics

Characteristics n=49

Age (years)
60–70
>70

6
43

BMI (kg/m2)
Very thin (<16)
Skinny (16–18.4)
Normal (18.5–24.9)
Overweight (25–29.9)
Obesity (>30)

6
6

34
3
0

Medical history
Type 2 diabetes mellitus
Hypertension
Osteoarthritis
Osteoporosis
There isn't any

5
10
7
3

27
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and 20 in the vigorous category. The average 
physical activity level was 1316.82±720.90, 
and most respondents had a moderate physical 
activity level of 44.90% (Table 3).

Vitamin D levels were measured during the 
research by taking blood samples from each 
respondent. In Table 4, the results showed 
that vitamin D levels16,17 were <20 ng/ml for 27 
respondents, vitamin D levels were 20–30 ng/
ml for 19 respondents, and vitamin D levels were 
>30 ng/ml for as many as three respondents.

Based on Table 5, the results showed that 
deficiency (<20 ng/ml) for 27 respondents 
(mean±SD=17.40±2.07), insufficiency (20–30 ng/
ml) for 19 respondents (mean±SD=23.64±2.42), 
and normal level (>30 ng/ml) for three 
respondents (mean±SD=31.33±1.15). The total 
mean±SD was 18.41±6.60. In the mild physical 
activity category, two respondents had vitamin 
D levels <20 ng/ml, and 20–30 ng/ml for five 
respondents. In the category of moderate physical 
activity, 14 respondents had vitamin D levels 
<20 ng/ml, and 20–30 ng/ml as many as eight 
respondents. In the category of vigorous physical 
activity, 11 respondents had vitamin D levels <20 
ng/ml, six respondents had 20–30 ng/ml, and 
three had >30 ng/ml.

The normality test results are as follows: In the 
Shapiro-Wilk normality test, a significance value 
(Sig.) was obtained, which was 0.133 for physical 
activity and 0.94 for vitamin D levels. Because 
both data have a significance value of >0.05, it 
can be concluded that the physical activity data 
and vitamin D levels were usually distributed. 
The results of the Pearson correlation test are as 
follows: obtained an rvalue (Pearson correlation) 
of 0.089 and a significance value (Sig.) of 0.542. 
Based on a significance value (α) >0.05, it means 
there is no significant correlation between 
physical activity and vitamin D levels (Figure).

Discussion

This research involved 49 geriatric women as 
respondents. Since this study only involved 
49 respondents, which may need to be more 
representative of a larger group, the results 
cannot be generalized widely and only to elderly 
women with similar characteristics.

Based on age, the highest number in the group 
of high-risk elderly women, namely 70 years and 
over, was 43 respondents, while in the 60–70 

Table 2	 Profile of Respondents' Physical 
Activity Questionnaire Answers

No. Types of Physical 
Activity

Answer 
(Minutes) n=49

1 Walk 100 m 5
10
15
20
30
60
Didn’t do

1
5
6
1

23
3

10
2 Walk more than

100 m
10
15
60
Didn’t do

2
3

12
32

3 Cook Didn’t do 49
4 Wash clothes by 

hand
10
15
20
30
Didn’t do

4
2
2
9

32
5 Cleaning room 5

10
15
30
Didn’t do

1
5
1
2

40
6 Exercise 10

15
20
25
30
45
60
Didn’t do

7
13
4
6
4
3
8
5

7 Cleaning the garden Didn’t do 49
8 Gardening/farming 30

Didn’t do
2

47
9 Sew with hand 10

15
20
60
Didn’t do

2
3
1
4

39
10 Sewing by machine 60

Didn’t do
1

48
11 Read 10

15
20
30
60
Didn’t do

4
2
1
4
4

34
12 Watch TV 5

10
15
20
30
60
Didn’t do

1
3
3
1
6
2

33
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Table 3	 Physical Activity Level of Respondents

Category Physical Activity n=49 Mean±SD Total Mean±SD

Mild (<600)
Moderate (600–1,500)
Vigorous (>1,500)

7
22
20

312.21±162.37
1,038.75±401.43
2,074.17±581.39

1,316.82±720.90

Table 4	 Presentation of Data on Vitamin D Level Values

Vitamin D Level (ng/ml) n=49 Mean±SD Total Mean±SD

Deficiency (<20)
Insufficiency (20–30)
Normal (>30)

27
19
3

17.40±2.07
23.64±2.42
31.33±1.15

18.41±6.60

Table 5	 Cross Tabulation of Vitamin D Levels with Physical Activity

Physical Activity

Number of Respondents based on Vitamin D
Level Value Total

n=49Deficiency
n=27

Insufficiency
n=19

Normal
n=3

Mild (<600)
Moderate (600–1,500)
Vigorous (>1,500)

2
14
11

5
8
6

0
0
3

7
22
20

Note: deficiency (<20 ng/ml), insufficiency (20–30 ng/ml), normal (>30 ng/ml)

Figure  Distribution of Physical Activity Data and Vitamin D Levels

y=17.33+8.17E−4*x

R2 linear=0.005
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year age group, there were only six respondents. 
Uneven age distribution may affect the results, 
especially physiological changes in different age 
groups. Age can affect vitamin D levels, such as 
a decreased vitamin D metabolism in old age. A 
decrease in calcium absorption causes this, the 
presence of intestinal resistance to absorption 
of circulating calcium 1,25(OH)2D, a decrease 
in kidney function resulting in a reduction of 
1,25(OH)2D production in the kidneys, and a 
decrease in vitamin D production in the skin, 
nine caused by decreasing the concentration 
of 7-dehydrocholestrol in the epidermis which 
can reduce the formation of vitamin D3. 
So aging can also cause calcium deficiency, 
hyperparathyroidism, increased bone loss, and 
osteoporosis.20,21

The majority of respondents (27 people) had 
no history of illness, while only several suffered 
from diabetes, hypertension, or osteoarthritis. 
This imbalance in health characteristics can affect 
physical activity and vitamin D levels. History 
of disease can affect vitamin D levels, including 
type 2 diabetes mellitus. The relationship 
between vitamin D deficiency and insulin 
resistance can develop through inflammation 
because vitamin D deficiency is associated with 
increased inflammatory markers. In addition, 
genetic polymorphisms of vitamin D-related 
genes may predispose to impaired glycemic 
control and type 2 diabetes. Epidemiological 
studies suggest an association between low 
serum 25-hydroxyvitamin D3 (25(OH)D3) 
concentrations and an increased risk of metabolic 
syndrome and type 2 diabetes. The increase in fat 
mass partly explains it.20,21

Most respondents had low vitamin D levels 
(<20 ng/ml), and only a few had levels above 
30 ng/ml. This uneven distribution may limit 
statistical power for analysis and comparison 
between groups. The research showed no 
significant correlation between physical activity 
and vitamin D levels. It differs from previous 
research by Trovato et al.,22 which stated that 
higher dietary intake of vitamin D and sunlight 
exposure are associated with a lower likelihood 
of having high perceived stress among physically 
active individuals. These results may be related 
to previous research by Zhang and Cao,23 that 
endurance exercise can significantly increase 
serum 25(OH)D levels in vitamin D-deficient 
people but has no significant effect on vitamin 

D-sufficient people. The effects of exercise on 
25(OH)D levels in the circulation may depend 
on factors such as vitamin D nutritional status, 
exercise type and intensity, and sex.

Physical activity can be measured with a tool, 
namely an accelerometer, pedometer, and self-
report questionnaire (IPAQ) instrument. This 
research uses a self-report questionnaire because 
it has the advantage of cheaper costs, does not 
burden respondents, and obtains the flow of daily 
physical activity from respondents. Still, the self-
report questionnaire has areas for improvement, 
such as less accuracy and reliability, because the 
data is based only on respondents' memories.24

This study used a modified IPAQ to measure 
the intensity of physical activity. The IPAQ 
is the most frequently and commonly used 
measurement tool in measuring physical 
activity levels. However, the questionnaire has 
limitations because it is based on respondents' 
memories. As in previous research by Cleland et 
al.,16 results showed the majority of older adults 
under-report their level of moderate-to-vigorous 
physical activity and sedentary behavior when 
completing the IPAQ, and the linear relationship 
above the mean shows an error from under to 
over-reporting as the mean increases.

Suggestions for future research include 
expanding research on older-specific physical 
activity measures, such as previous research by 
VandeBunte et al.,25 where actigraphy metrics 
are not available, standard self-report measures 
of PA are used in older adults to capture more 
structured activity and exercise routines (e.g., 
duration, type of exercise). The Community 
Healthy Activities Model Program for Seniors 
(CHAMPS) and the Physical Activity Scale for the 
Elderly (PASE) are two widely used self-report 
PA questionnaires in older adults. Fitbit monitors 
have demonstrated inter-device reliability with 
other actigraphy monitors. Results showed that 
Fitbit's step counts showed a stronger association 
with PASE, while Fitbit's burned calories were 
more strongly associated with CHAMPS-MET. 
Fitbit results had more consistent convergence 
with relevant outcomes of interest (e.g., brain 
and cardiometabolic health indices) compared 
to subjective measures; however, considerable 
heterogeneity in these associations was observed.

Most respondents had moderate physical 
activity levels, while only a few were categorized 
as mild or vigorous. This imbalance may limit 
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the broad analysis of the relationship between 
physical activity and vitamin D. Based on the 
distribution of physical activity profiles; two 
physical activities are often done: gymnastics and 
walking 100 meters. Regarding walking activity 
alone, many age-related changes contribute to 
the increased energy requirements for walking, 
which can be two to four times that of a healthy 
adult. Age-related biomechanical factors, such 
as a flexed trunk, limited hip extension, and 
reduced ankle movement in gait, result in less 
use of stored passive energy and greater demands 
on muscle activity. Age-related neuromuscular 
factors alter efficient muscle recruitment patterns 
and the timing of limb movements, resulting in 
inefficient walking due to compensating for body 
changes.20 Several factors can influence a person 
in carrying out physical activity, including:14,15

(1) Intrinsic factors. This factor is more 
directed at a person's inner motivation for 
activities. A person with good feelings will do 
more activities, while a person with bad feelings 
will do less. Even though the questionnaire has 
been validated, a person's motivation to move 
can also influence a person's physical activity.

(2) Environmental factors. The environment 
can influence physical activity, and weather that 
is too hot or rainy can be a barrier. Changing 
environmental weather conditions can also affect 
a person's ability to carry out physical activities, 
mainly because most respondents' physical 
activities are carried out in open areas, which 
the weather and environment will significantly 
influence.

(3) Physical consideration factors. A person's 
body condition can influence their physical 
activity. They will do physical activity if they 
feel their body is in good condition, but they will 
not if they feel tired or injured. In this study, 
activity restrictions are one of the requirements 
for research subjects so that the influence of this 
factor can be minimized.

(4) Routine factor. In the routine factor, a 
person carries out daily physical activity and/
or other demands. External factors such as sun 
exposure, dietary intake, or, although these 
factors can significantly affect vitamin D levels.

During the research, vitamin D levels were 
measured to determine vitamin D levels in elderly 
women by taking blood samples from each 
research respondent. From a total of 49 elderly 
women, the majority of vitamin D levels <20 ng/

ml were obtained by 27 respondents (55%) with 
an average of 17.40 ng/ml.

Blood samples were collected only once. This 
may need to be revised to adequately reflect the 
variation in vitamin D levels, which can change 
depending on daily conditions, such as sun 
exposure and diet. Daily variation was minimized 
by collecting samples at the same time of day. 
Blood sampling was carried out simultaneously 
during the noonday by the phlebotomist, taking 
into account the time of blood sampling, which 
can affect vitamin D levels.13

This technique can cause bias because the 
sample is selected based on specific criteria 
and does not represent the entire population of 
elderly women. As a result, the study's results 
may be challenging to apply to all older adults. To 
minimize the influence of vitamin D variations, 
several factors that can affect vitamin D variations 
in the respondent's body condition are minimized 
by not having significant changes in these factors 
from one month earlier (such as medication, 
health conditions, and lifestyle). Several factors 
can influence vitamin D levels, including the 
following:20,21

(1) Body mass index (BMI). Vitamin D is a 
fat-soluble vitamin, and people with a BMI >30 
kg/m2 tend to have higher fat than those with a 
normal BMI. The association between vitamin 
D deficiency and overweight and obese patients 
may be explained by the storage of vitamin D in 
adipose tissue due to its high-fat solubility and 
decreased exposure to sunlight in obese subjects 
due to limited physical activity and mobility.

(2) Lack of intake. All age-related changes 
in vitamin D metabolism are magnified if 
there is concomitant vitamin D deficiency, as it 
limits the supply of substrates for 25OHD and, 
ultimately, 1,25(OH)2D. Substrate deficiency is a 
common problem in older people and is essential 
to recognize because it can be prevented and 
treated. There may be a vitamin D deficiency 
either from diet or from lack of sunlight, and a 
subsequent decrease in serum 25OHD limits 
1,25(OH)2D production, especially if there is 
also renal dysfunction. Serum 1,25(OH)2D levels 
decrease when serum 25OHD levels fall below 10 
ng/mL in young and older adults.

Conclusions

The correlation test results between physical 
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activity and vitamin D levels in elderly women 
showed no significant correlation. Other factors 
affecting the research results include age, which 
has a wide range of variations, health conditions, 
and vitamin D intake. Further research can 
develop measurements specifically for examining 
physical activity in old age.
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Abstract

Posture while working will influence work results and have a health impact on workers. Rapid upper limb assessment 
(RULA) is a method for analyzing work posture on the job using the upper part of the body. This research examines 
the risk level of work postures in the leather shoe industry. This research was conducted in the leather shoe industry 
located in Semarang. This research uses the RULA method to assess the risk level of work postures. Body area 
measured by RULA was divided into two groups, namely group A (arms, forearms, hands) and group B (neck, 
body). The RULA score is obtained based on observing the worker's body posture, including neck, arms, back, legs, 
and load. The observed scores are then converted into final RULA scores. It was found that the body posture of 
workers in the leather industry was at a score of 6 and 7. This score has implications for the need for further research 
regarding the body posture of the following workers. Work posture correction must be done immediately to prevent 
further health impacts.
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Introduction

One of the potential hazards workers face in 
the leather shoe industry is the potential for 
ergonomics, primarily related to work postures. 
Work in the leather shoe industry is done in 
a sitting position. Sitting in a non-ergonomic 
position will trigger bone and skeletal muscle 
complaints. When work is carried out in a natural 
posture, weight is balanced on both legs without 
bending and twisting the torso, and it will reduce 
fatigue and increase productivity. The sitting 
position looks more comfortable than other 
postures while working. However, sitting for 
long periods will also cause fatigue. Therefore, 
sitting in a comfortable chair with a backrest 
supporting the back well will reduce fatigue. 
Ergonomic risks are common in the modern 
world of work. Musculoskeletal disorders (MSDs) 
are the most frequently reported work-related 
health problems. This causes more lost work 
days than any other type of health problem in 
some countries. MSDs represent 40% of global 
compensation costs resulting from occupational 
accidents and illnesses worldwide. The 
characteristics of modern work, such as the fast 

pace, tight deadlines, lack of control over the pace 
of work, and a culture of long working hours, can 
cause stress and ergonomic risks that are more 
common than ever. As a result, muscle pain, 
mental disorders such as anxiety and depression, 
and cardiovascular disease now impact more of 
the working population than ever before.1

Research conducted in the manufacturing 
industry showed a relationship between work 
posture and complaints of low back pain 
(p=0.047). Workers complained of uncomfortable 
work postures and low back pain in the category 
of severe crippled disability.2

Work posture and fatigue are essential 
determinants of work musculoskeletal disorders 
(WMSDs) found in a study on minibus drivers in 
Nigeria in addition to work stress, work duration, 
and work frequency. This study recommends that 
ergonomics training be conducted to reduce the 
incidence of WMSDs in this population.3

To prevent the occurrence of occupational 
disorders or diseases, it is necessary to identify 
all risk factors that occur during work. Once 
determined, preventive measures must be 
determined to prevent, reduce, or eliminate the 
complaint.4

Copyright @2024 by authors. This is an open access article under a Creative Commons Attribution-NonCommercial-ShareAlike 
4.0 International License (https://creativecommons.org/licenses/by-nc-sa/4.0).
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Workers in the shoe industry exhibit several 
awkward work postures, such as hunched backs, 
sitting on the floor, poor foot position, or sitting 
in chairs that do not suit their bodies. Based on 
previous research, these postures can trigger 
health complaints such as musculoskeletal 
disorders. Therefore, it is necessary to assess 
workers' posture in this industry. So, this research 
aims to analyze the risk level of work postures in 
the leather shoe industry.

Methods

This descriptive research was conducted in 
the leather shoe industry in Semarang using 
purposive sampling methods. There were 43 
workers involved in this research. However, only 
five workers had their work postures observed 
since they demonstrated similar postures in the 
same production step. They represent workers at 
every stage of the job. The postures observed were 
all work postures in each production process in 
the industry.

To assess rapid upper limb assessment 
(RULA), researchers took photos of workers 
while doing their work from a side angle. Using 
a protractor, the angles required for evaluation in 
the RULA sheet were measured through photos. 
The worker's dynamic movement was also 
observed. This measure was then converted to a 
RULA score and interpretation (available in the 
RULA sheet).5

The research protocol has been approved, and 
an ethical clearance certificate Number 472/EA/
KEPK-FKM/2019 has been received.

Results

Table 1 shows that 40 of 43 workers were in the 
old age category. About 27 of 43 workers were 
in the new work period category. Based on the 
study's results, it was found that work in the 
leather shoe industry was carried out for 8 hours 
every day with 1 hour of rest. The workers' work 
posture was sitting on a small chair without a 
backrest. There are even workers who sit on the 
floor while doing their jobs. Such a work posture 
could be more ergonomic and more comfortable 
for workers. The workplace layout needs to be 
more tidy. Some unused objects are still visible 
around the workplace. This makes it difficult for 
workers to carry out their work, and sometimes, 
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some work equipment may be difficult to find 
because of the large number of items mixed with 
unused items.

Based on Figure 1, it is known that workers' 
posture when cutting shoe materials is according 
to the pattern in a sitting posture, bent back 
(angle a), and head bowed position. This posture 
puts extra pressure on the lower back and neck. 
The assessment of this posture showed that the 
upper arm, lower arm, and wrist scores were 2, 1, 
and 3, respectively. Adding muscle score one and 
load score 1, the total wrist and arm score was 4. 
For the neck and trunk score, each section scored 
3, and the leg score was 1. This score, added to 
section B's muscle and load score, became 7. So, 
the final score for this posture was 6. It can be 
interpreted from the RULA sheet that further 
investigation and improvement of posture is 
needed immediately, considering that this type of 
work posture looks like a highly bent back.

Table 1	 Characteristics of Respondents

Characteristics n=43

Age (years)
>30
≤30

40
3

Work period (years)
<5 
≥5

27
16

Figure 1	 Process of Cutting according 
to the Pattern



Global Medical and Health Communication, Volume 12 Number 3, December 2024

206 Ekawati Ekawati et al.: Ergonomic Risk Level of Work Posture in Leather Shoes Industry

The assessment of this posture (Figure 2) 
showed that the upper arm, lower arm, and wrist 
scores were 2, 1, and 3, respectively. Adding by 
muscle score and load score 2, the total wrist and 
arm score was 6. For the neck and trunk score, 
each section gained a score of 3; besides, each 
section scored 3. Besides, each section scored 
3, and the leg score was 1. This score, added to 
section B's muscle and load score, became 6. 
So, the final score for this posture was 7. It can 
be interpreted from the RULA sheet that further 
investigation or research is needed to determine 
the impact that can arise from this posture. In 
addition, a change in work posture will likely be 
necessary given the very non-ergonomic work 
posture.

The work posture in Figure 3 showed that the 
upper arm, lower arm, and wrist scores were 2, 
1, and 3, respectively. Adding muscle score one 
and load score 1, the total wrist and arm score 
was 5. For the neck and trunk score, each section 
scored 3 and 2, respectively; each section scored 
3 and 2, respectively, and the leg score was 1. This 
score, added to section B's muscle and load score, 
became 5. So, the final score for this posture was 
6. It can be interpreted from the RULA sheet 
that further investigation is needed regarding 
the posture, and the posture must be corrected 
immediately. It can be seen in the picture that 
workers are very uncomfortable in their sitting 
conditions; workers have to fold their legs for a 

long time. Of course, this will most likely cause 
complaints such as aches, cramps, and tingling. If 
the sitting posture is not immediately corrected, 
workers also tend to experience fatigue quickly.

The assessment of this posture in Figure 
4 showed that the upper arm, lower arm, and 
wrist scores were 1, 1, and 3, respectively. Adding 
muscle score one and load score 1, the total wrist 
and arm score was 4. For the neck and trunk 
score, each section scored 3, and the leg score 

Figure 2	 Installation on A Shoe Mold

Figure 3	 Gluing and Pasting the Sole

Figure 4	 Outsole Installation
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was 1. This score, added to section B's muscle 
and load score, became 6. So, the final score 
for this posture was 6. So, further investigation 
is needed in this case, as well as improving the 
work posture to make it more ergonomic. It can 
be seen in the picture that workers do their work 
by sitting on the floor without chairs or cushions. 
This work posture will make workers feel very 
uncomfortable and trigger complaints or health 
problems, such as knee pain and back and neck 
pain, and they tend to get tired quickly.

The worker in Figure 5 was doing his job with 
a bent posture because he was sitting on the 
floor with his legs folded. The assessment of this 
posture showed that the upper arm, lower arm, 
and wrist scores were 2, 2, and 3, respectively. 
Adding muscle score one and load score 1, the total 
wrist and arm score was 5. For the neck and trunk 
score, each section scored 3, and the leg score 
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was 1. This score, added to section B's muscle 
and load score, became 7. It can be interpreted 
from the RULA sheet that this posture needs 
further investigation and that the change must 
be implemented for a better posture. In addition, 
workers were also strongly advised to change 
and improve their work posture immediately. 
Workers may not feel the impact of the work 
posture in a short time. However, the longer the 
work duration, the more workers' complaints, 
such as cramps, tingling, aches, and even back 
and neck pain, will gradually appear. The table 
below summarizes the RULA final score.

Table 2 shows that the work postures observed 
resulted in final scores between 6 and 7.

Discussion

Workers do their work by sitting on tiny chairs 
without backrests. Some even lie on the floor 
while doing their work. This work posture is not 
ergonomic and is uncomfortable for workers. The 
workplace is organized, and even some unused 
objects can still be seen around. Workers will 
have difficulty working, and sometimes work 
equipment may be difficult to find because many 
items are mixed with unused items.

The layout or design of the workplace will be 
primarily determined by the type of work and 
equipment used to carry out the work. While 
working conditions can be designed ergonomically 
by adjusting the work and equipment and workers 
who will use it.6–8

Workers' postures when cutting shoe 
materials according to the pattern were sitting, 
bent back, and head bowed (Figure 1). This 
posture puts extra pressure on the lower back 
and neck. The final RULA score for this posture 
was 6, meaning that further investigation and 
posture improvement are needed immediately, 
considering that this type of work posture looks 
like an extremely bent back.

If the potential ergonomic hazards are not 
immediately corrected, the workers will be at 
risk of experiencing health problems related to 
musculoskeletal. The risk of health problems and 
occupational diseases must be minimized so that 
workers are always healthy and safe when doing 
their jobs.9

Sitting work posture was also found among 
smoked fish workers in Demak. Workers sit in tiny 
chairs that make their backs bend and even twist 

Figure 5	 Finishing

Table 2	 Summarize the RULA Final Score

Worker in Section Final 
Score

Process of cutting according to 
the pattern

6

Installation on a shoe mold 7
Gluing and pasting the sole 6
Outsole installation 6
Finishing 7
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while working. As many as 87% of the smoking 
fish workers experienced musculoskeletal 
complaints, including 85% neck stiffness, 90% 
back pain, 95% leg tingling, and 75% pain in the 
shoulders and hands.10

Based on the measurement results using the 
RULA method, posture when installing a shoe 
mold (Figure 2) produces a score of 7, meaning 
that further investigation or research is needed 
to determine the impact that can arise from this 
posture. In addition, a change in work posture will 
likely be necessary given the very non-ergonomic 
work posture. Workers must work in a sitting 
posture for long periods and use their hands so 
that complaints of discomfort in the back, arms, 
and wrists will arise.7,11

A high prevalence of MSD symptoms 
was found among shoe workers in Iran. The 
average RULA score obtained is 6.3. It indicates 
that in most cases, workers' posture in the 
workplace needs to be investigated and changed 
immediately to prevent musculoskeletal injuries. 
The highest prevalence rates of MSDs were found 
in the shoulder, wrist, and arm areas. Based on 
statistical tests conducted show that several 
risk factors associated with upper extremity 
musculoskeletal disorders (UEMSD) symptoms 
include work experience, daily working hours, job 
satisfaction, work posture, work pressure, and 
discomfort at work, as well as individual factors 
such as age, gender, body mass index, working 
conditions, education level, and lack of regular 
physical/sports activity.12

A study on welding workers also found that 
non-ergonomic work postures such as sitting very 
low or squatting with the head lowered will cause 
complaints in several parts of the worker's body. 
As many as 100% of workers experience pain 
in the back, waist, and calves; 80% of workers 
experience neck pain; 70% of workers experience 
shoulder pain; and 10% of workers complain of 
arm pain.13

The measurement results using the RULA 
method show that the working posture when 
gluing and pasting the sole (Figure 3) is 
categorized at a score of 6. This indicates that 
further investigation is needed regarding the 
posture, which must be corrected immediately. 
It can be seen in the picture that workers are 
very uncomfortable in their sitting conditions; 
workers have to fold their legs for a long time. 
Of course, this will most likely cause complaints 

such as aches, cramps, and tingling. If the sitting 
posture is not immediately corrected, workers 
also tend to experience fatigue quickly.

This is in line with the results of a study in the 
shoe industry in Medan, which found that the 
activities carried out by workers are categorized 
as requiring further action. Activities carried out 
by workers do not make workers feel too much 
pain. However, an improvement in the working 
position and adequate rest are needed to restore 
the worker's condition and stamina after working 
with that posture.14

Research conducted on farmers in Iran 
showed that the highest prevalence of MSD 
symptoms was associated with the lower back 
(59.3%), knees (36.9%), and upper back (36.6%). 
The quick exposure check (QEC) scores indicated 
high or very high yields (action levels 3 and 4) in 
83.1% of farmers. In addition, the checklist for 
ergonomic working conditions revealed that the 
workers' "work posture" index had the lowest 
average. It indicates poor ergonomic conditions, 
while "work equipment" has the highest average, 
indicating proper ergonomic conditions. In this 
study, it is also recommended that hazardous 
work postures be eliminated and that working 
conditions be improved.15

The work posture when the worker installed 
the outsole in Figure 4 is categorized at a score 
of 6 based on the RULA assessment. Further 
investigation is needed in this case, and it is 
necessary to improve the work posture to make 
it more ergonomic. It can be seen in the picture 
that workers do their work by sitting on the floor 
without chairs or cushions. This work posture 
will make workers feel very uncomfortable and 
will trigger complaints or health problems, such 
as knee pain, back and neck pain, and tend to get 
tired quickly.16

A similar posture was also found in a study 
in another shoe industry. Workers in these 
industries even look less effective due to poor 
working positions, so the worker postures 
become awkward, and work postures are static. 
Workers carry out their work in a sitting position 
continuously without using a sitting mat, with 
their necks bent to reach the work object with 
a bent back.14 Studies on smoked fish workers 
found that when the sitting position was not 
comfortable/not ergonomic or sitting for too 
long, it caused backache or pain.16

A study examining the relationship between 
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MSD complaints and fatigue in nurses showed 
that ankles/legs, lower back, knees, and shoulders 
had the highest prevalence of work-related 
musculoskeletal symptoms (WMS) among 
nurses in the last 12 months before the study. 
Independent variables, including age, years of 
service, sex, smoking habits, shift work, and type 
of work, were significantly associated with WMS 
in different body regions, with odds ratios (OR) 
ranging from 1.635 to 2.835. In addition, WMS in 
several areas of the body is also associated with 
work fatigue. In this study, it is also recommended 
that ergonomic and organizational interventions 
be implemented to adjust the work of nurses, 
taking into account demographic/occupational 
characteristics to improve the health of the 
musculoskeletal system and relieve fatigue.17

Research conducted on workers in the 
manufacturing industry shows that workers 
believe that the pain/pain they feel is due to poor 
workstation design. The workers also suggested 
improvements to the workplace design to reduce 
pain complaints.18

In the finishing process (Figure 5), a bent 
posture was found because the worker was sitting 
on the floor with his legs folded. Based on the 
RULA measurement, this posture was included 
in the score category 7. Further investigation is 
needed about this work posture. In addition, 
workers are strongly advised to change and 
improve their work posture immediately. 
Workers may not feel the impact of the work 
posture in a short time. However, the longer the 
work duration, the more workers' complaints, 
such as cramps, tingling, aches, and even back 
and neck pain, will gradually appear.

A study of workers in a shoe factory in 
Iran found that the prevalence and severity 
of health complaints were very high in the 
study population. The mean RULA value of 6.2 
indicates that, in most cases, workers' workplace 
posture needs to be investigated or investigated 
further. Some changes are even required as soon 
as possible. This study also showed that work 
experience, daily working hours, duration of 
continuous work without rest, feeling of pressure 
due to work, and work posture were significantly 
associated with musculoskeletal symptoms from 
various body areas. These findings help better 
understand the working conditions of jobs with 
similar work postures and activities and highlight 
the potential for ergonomic interventions to 

reduce musculoskeletal symptoms in this group 
of workers.19

Research on nurses shows that poor 
ergonomics, including work posture, caused 
WMSDs in addition to other factors, namely 
old age, length of work, high workload, work 
habits, high levels of physical activity, equipment 
availability, stress, and anxiety.20 Other research 
findings also emphasize that any intervention 
program in the shoe industry or similar should 
focus on improving working conditions, 
primarily by designing ergonomically oriented 
workstations and hand tools.14 It is necessary 
to improve work attitudes and ergonomics. 
Workplace stretching can be added to reduce 
musculoskeletal complaints and fatigue and 
increase productivity.21

Overcoming musculoskeletal risk factors 
through ergonomic interventions regarding 
workspace design, sitting/standing posture of 
workers, chairs, and hand postures during work 
and work-rest cycles can be realized with the 
cooperation of policymakers, companies, and 
workers.21

Overall, the work posture of workers in 
the leather shoe industry is in category 6–7. 
This means that the posture requires further 
investigation regarding the impact that will occur. 
In addition, it is also necessary to improve work 
posture as soon as possible so that the negative 
impact of non-ergonomic work postures can be 
avoided.

This research is limited to describing the level 
of work posture risk experienced by workers 
in the shoe industry in Semarang. It does not 
include a description of workers' musculoskeletal 
complaints. The author suggests further research 
on reducing or eliminating non-ergonomic work 
postures in the leather shoe industry and on 
workers' musculoskeletal complaints.

Conclusions

It can be concluded that the workers in leather 
the leather industry's RULA score indicated that 
it's reinvestigation and needs a better posture. 
In addition, workers were also advised to change 
and improve their work posture immediately.
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Abstract

High-density lipoprotein (HDL) functions to transport cholesterol from the blood vessel endothelium to the liver and 
excreted through the digestive tract so that it does not cause dyslipidemia, which is a risk factor for cardiovascular 
disease. Current treatment for dyslipidemia uses long-term statin drugs, which can cause various side effects, so 
herbal alternatives such as ketapang leaves (Terminalia catappa L.), which contain flavonoids and have the effect of 
increasing HDL levels, needed to be evaluated to achieve that reason. This study aims to evaluate whether ketapang 
leaf extract has an effect on increasing blood HDL levels. This research used experimental animals with a pretest 
and a posttest with a control group design. It was conducted at the Biochemistry Laboratory and Laboratory Animal 
Management Unit, Faculty of Medicine, Universitas Muhammadiyah Sumatera Utara, Medan, from September to 
December 2023. This study used Wistar strain male white rats (Rattus norvegicus) that were induced on a high-fat 
diet, divided into five groups: negative control, positive control (given simvastatin), treatment 1 (given 21 mg/kgBW 
ketapang leaf extract), treatment 2 (given 42 mg/kgBW ketapang leaf extract) and treatment 3 (given 84 mg/kgBW 
ketapang leaf extract). The study results showed a significant difference (p<0.05) in the average HDL levels before 
and after treatment in the positive control, treatment 2, and therapy three groups. Thus, the study concluded that 
ketapang leaf extract affected increasing HDL levels of male white rats (Rattus norvegicus).
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Introduction

Cholesterol is vital in cell growth, produces sex 
hormones and vitamin D, and controls nerve and 
brain functions. However, excess cholesterol in 
the blood can cause dyslipidemia and increase the 
risk of cardiovascular disease. Cholesterol cannot 
dissolve in the blood, so lipoproteins are needed 
to distribute cholesterol throughout the body.1 
Dyslipidemia is a condition of abnormal lipid 
levels in the blood circulation, decreased levels of 
high-density lipoprotein (HDL), increased levels 
of cholesterol, low-density lipoprotein (LDL), 
and triglyceride levels.2 One type of cholesterol 
that has a good role for the body is HDL, which 
is responsible for transporting cholesterol 
from the blood vessel endothelium so that it 
does not accumulate cholesterol in the blood 
vessel endothelium, which is then taken to the 

liver and excreted through the digestive tract.3 
Increasing blood cholesterol levels will impact 
the risk of atherosclerosis; the presence of HDL 
will clean blood vessels from cholesterol. Besides 
transporting cholesterol, HDL also widens blood 
vessels due to increased nitric oxide production.4 
There were no symptoms associated with low 
HDL levels, but they did increase the risk of 
cardiovascular disease.5 Cardiovascular disease 
accounts for 30% of all deaths in the world; this is 
due to uncontrolled and untreated dyslipidemia.6,7

Current treatment for dyslipidemia uses 
statin drugs. One group of commonly used 
statins is simvastatin. Simvastatin works by 
inhibiting the HMG-CoA enzyme, which plays a 
role in cholesterol synthesis in the liver, so that 
cholesterol production is reduced.8 Although it 
is beneficial for lowering cholesterol levels, there 
are side effects due to the use of this class of statin 

Copyright @2024 by authors. This is an open access article under a Creative Commons Attribution-NonCommercial-ShareAlike 
4.0 International License (https://creativecommons.org/licenses/by-nc-sa/4.0).
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drugs, such as obstipation, nausea, headaches, 
stuffy nose, sneezing, and sore throat; in some 
people, it can cause forgetfulness or confusion. In 
addition, drug interaction effects can occur if used 
with certain drugs, such as increasing the risk of 
muscle disorders (myopathy), rhabdomyolysis, 
the risk of bleeding, and impaired liver and 
kidney function.9,10 So, alternative medicine is 
needed for treatment, such as herbal treatment, 
which is expected to minimize side effects and 
provide good benefits for the body.

Ketapang (Terminalia catappa L.) is known 
as a tropical almond belonging to the family 
Combretaceae. They are grown mainly for shade 
and ornamental purposes and are primarily 
found in yards. The research results show that 
ketapang leaves contain flavonoids, saponins, and 
tannins. Flavonoids are one of the polyphenolic 
compounds that have antihypercholesterolemic 
effects; polyphenols can inhibit the work of 
HMG-CoA reductase so that cholesterol synthesis 
in the body decreases, and flavonoids can also 
increase HDL levels by increasing apolipoprotein 
one, which is the essential ingredient for forming 
HDL.11,12

Previous research shows that ketapang leaves 
have a role in reducing total cholesterol levels. It 
is known that the highest average reduction in 
cholesterol levels in male mice (Mus musculus 
L.) was found in ketapang leaf extract at 8 mg/
kg body weight. The group given 16 mg ketapang 
leaf extract per kg body weight showed almost 
the same results as the positive control group 
(simvastatin).13 This study aims to evaluate 
whether ketapang leaf extract has an effect on 
increasing blood HDL levels of male Wistar white 
rats (Rattus norvegicus) induced by a high-fat 
diet.

Methods

The research used an experimental study method 
using experimental animals with a pretest and a 
posttest with a control group design. The research 
was conducted at the Biochemistry Laboratory 
and Laboratory Animal Management Unit, 
Faculty of Medicine, Universitas Muhammadiyah 
Sumatera Utara, Medan, from September to 
December 2023. The population of this study was 
adult male Wistar white rats (Rattus norvegicus) 
aged >3 months, weighing 100–150 grams, 
healthy and active, and had never been used in 
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research. In this study, the sample was divided 
into five groups, and the number of samples per 
group was calculated using the Federer formula; 
the number of samples per group was five rats. 
The hypercholesterolemic rats were created by 
giving them a high-fat diet using quail egg yolks.

The research was carried out for twenty-
seven days. The rats acclimatized for seven days 
to adapt to the environment. On the eighth day, 
they were separated into groups and given egg 
yolk for eight days, and on the fourteenth day, the 
LDL levels were checked before treatment; on the 
fifteenth to the twenty-fifth day they were given 
ketapang leaf extract with various doses, namely 
group P1 was given 21 mg/kgBW, P2 was given 42 
mg/kgBW and P3 was given 84 mg/kgBW,  on the 
twenty-sixth day, HDL levels were checked after 
treatment (Figure). This research was registered 
with the Health Research Ethics Committee, 
Faculty of Medicine, Universitas Muhammadiyah 
Sumatera Utara, with registration number 1097/
KEPK/FKUMSU/2023. Statistical analysis was 
done using SPSS, normality, and homogeneity 
tests before comparing the differences between 
groups using one-way ANOVA followed by post 
hoc LSD.

Results

The average HDL levels of male Wistar white rats 
after being given egg yolk for 7 days and before 
being given ketapang leaf extract were as follows: 
negative control group was 33 mg/dl, positive 
control group was 27.20 mg/dl, treatment group 
1 was 27.60 mg/dl, treatment group 2 was 25.80 
mg/dl and treatment group 3 was 25 mg/dl. The 
average HDL levels of male Wistar white rats after 
being given ketapang leaf extract were as follows: 
negative control was 34.40 mg/dl, positive 
control was 40.80 mg/dl, treatment group 1 was 
30 mg/dl, treatment group 2 was 32 mg/dl and 
treatment group 3 was 39.20 mg/dl.

In Table 1, it can be seen that there is a 
significant difference in the average HDL before 
and after treatment (p<0.05) in the positive 
control group; there is an increase in the average 
HDL level after administration of simvastatin. 
Likewise, the average HDL before and after 
treatment in groups K2 and K3 increased the 
average HDL levels after administering ketapang 
leaf extract.

Table 2 shows no significant difference 
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(p>0.05) between the average HDL levels in the 
K+ and P3 groups, so the dose of ketapang leaf 
extract given to the P3 group can be taken as an 
effective dose.

Discussion

In this study, all groups of male Wistar white 

rats, except the negative control group, were 
given high-fat food in quail egg yolks to create a 
hypercholesterolemia model of rats. Quail eggs 
have the second highest cholesterol content after 
duck eggs and have twice as high cholesterol levels 
(844 mg/dl) as chicken eggs (423 mg/dl).14,15 After 
seven days of giving rats high-fat food, there was 
a decrease in the average HDL blood levels in all 

35 male rats (Rattus 
norvegicus) were 
adapted for 7 days

K-: male rats 
(Rattus norvegicus) 
were given standard 

food and drink

K+: male rats 
(Rattus norvegicus) 
were given standard 

food and drink + 
egg yolks

P1: male rats 
(Rattus norvegicus) 
were given standard 

food and drink + 
egg yolks

P1: male rats 
(Rattus norvegicus) 
were given standard 

food and drink + 
egg yolks

P1: male rats 
(Rattus norvegicus) 
were given standard 

food and drink + 
egg yolks

P1: male rats (Rattus 
norvegicus) were given 
standard food and drink 

+ egg yolks + 21 mg/
kgBW ketapang leaf

8–14 days

15–25 days

P2: male rats (Rattus 
norvegicus) were given 
standard food and drink 

+ egg yolks + 42 mg/
kgBW ketapang leaf

Male rats (Rattus norvegicus) 
blood HDL levels were 

checked on day 14

K-: male rats 
(Rattus norvegicus) 
were given standard 

food and drink

P3: male rats (Rattus 
norvegicus) were given 
standard food and drink 

+ egg yolks + 84 mg/
kgBW ketapang leaf

K+: male rats (Rattus 
norvegicus) were given 
standard food and drink 
+ egg yolks + 9.45 mg/

kgBW simvastatin

Male rats (Rattus norvegicus) 
blood HDL levels were 

checked on day 26

Figure  Research Flow

Table 1	 Difference in Average HDL Levels before and after Treatment

Groups Before Treatment
Mean±SD (mg/dl)

After Treatment
Mean±SD (mg/dl) p

Negative control (K-) 33.00±4.06 34.40±2.96 0.500
Positive control (K+) 27.20±2.77 40.80±1.92 0.000
Treatment 1 (P1) 27.60±3.04 30.00±3.87 0.250
Treatment 2 (P2) 25.80±4.49 32.00±2.54 0.004
Treatment 3 (P3) 25.00±3.67 39.20±2.14 0.000
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groups compared to the negative control group. 
High-fat foods cause a decrease in HDL levels by 
increasing lipid absorption so that the amount 
of lipid in peripheral cells will increase, followed 
by an increase in reverse cholesterol transport 
activity and the inability to compensate for and 
decrease HDL levels.16 Hypercholesterolemia 
causes a decrease in HDL levels because 
cholesterol tends to affect the balance of total 
cholesterol in the blood, which can affect the level 
of HDL.17,18 Hypercholesterol can also change the 
activity of the lipoprotein lipase enzyme, which 
plays a role in the formation and metabolism of 
HDL, thereby causing decreased production or 
increased degradation of HDL.16

In this study, simvastatin was used as a 
positive control because simvastatin is the most 
effective drug that lowers cholesterol levels. 
It works by inhibiting cholesterol synthesis in 
the liver by inhibiting the HMG-CoA reductase 
enzyme.19,20

The study showed the effect of giving ketapang 
leaf extracton the HDL levels of male white 
Wistar rats induced by a high-fat diet. There 
was an increase in HDL levels in each treatment 
group after being given ketapang leaf extract. 
The average blood HDL levels of white male 
Wistar rats in the treatment groups with doses 
of 21 mg/kgBW, 42 mg/kgBW, and 84 mg/kgBW 
after being given ketapang leaf extract increased 
compared to the average HDL levels before being 
given it. This is in line with previous research, 
which shows that ketapang leaves affect the 
increase in total cholesterol and LDL levels and 
decrease HDL levels.13

Based on the results of phytochemical tests, 
the secondary metabolite chemical compound 
group in ketapang leaf simplex contains 
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Table 2	 Comparison of Average HDL 
Levels between Treatment 
Groups

K- K+ P1 P2 P3

K-
K+ 0.003
P1 0.039 <0.001
P2 0.250 <0.001 0.337
P3 0.025 0.441* <0.001 0.001

Note: LSD post hoc test, *effective dose

flavonoids, tannins, saponins, and alkaloids.21 
Flavonoids inhibit cholesterol synthesis, 
cholesterol esterification synthesis, and inhibit 
HMG-CoA reductase activity.22 Flavonoids show 
the potential to improve HDL function through 
their well-documented effects on cellular 
antioxidant status and inflammation.12 Following 
previous research, organic celery extract 
containing flavonoids increases HDL levels in 
white mice fed high-fat diets.23 Flavonoid 
compounds also have a mechanism for increasing 
HDL levels by increasing the release of cholesterol 
from macrophages, increasing the expression 
of ATP-binding cassette, and increasing 
apolipoprotein A1, the primary material for the 
formation of HDL.24 Tannin extract can reduce 
the accumulation of cholesterol in the 
blood, accelerate the removal of cholesterol 
through feces, and does not occur through 
the enterohepatic cycle.25 Saponin was able 
to inhibit dietary fat absorption by inhibiting 
pancreatic lipase activity,  its ability to prevent 
hypercholesterolemia, and increase HDL.26 
Alkaloids have been demonstrated to regulate 
lipid metabolism by enhancing energy 
metabolism, promoting lipid phagocytosis, 
and inhibiting adipocyte proliferation and 
differentiation.27

The effectiveness of ketapang leaf extract in 
increasing HDL levels can be seen statistically in 
the LSD post hoc test (Table 2). The HDL levels of 
the group given ketapang leaf extract with various 
concentrations (P1, P2, P3) were compared with 
the positive control group, namely the group 
given simvastatin. The HDL levels of groups P1 
and P2 showed significant differences with the 
positive control group, while group P3 did not 
show significant differences with the control 
group. This indicates that 84 mg/kgBW ketapang 
leaf extract has the same effect as simvastatin.

Conclusion

This research concludes that ketapang leaf 
extract could increase the HDL levels of male 
white Wistar rats (Rattus norvegicus) induced by 
a high-fat diet.
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Abstract

Acute respiratory failure is the most common complication and cause of death in COVID-19 patients. The COVID-19 
medication has yet to be discovered. COVID-19 treatment guidelines are constantly being updated. This study aims 
to determine the COVID-19 treatment patterns in patients with acute respiratory failure at Dr. Hasan Sadikin 
General Hospital Bandung in 2021–2022. This retrospective, descriptive study used systematic random sampling 
to examine medical records of COVID-19 patients with acute respiratory failure at Dr. Hasan Sadikin Central 
General Hospital between June 2021 and June 2022. Gender, age, length of stay, outcome, comorbidities, and 
pharmacological and non-pharmacological treatment data were analyzed by SPSS software. This study included 
120 COVID-19 patients with acute respiratory failure, with the majority of patients are male (55.83%), 30–60 years 
old (55.83%), length of stay of 1–3 days (52.5%), and have disease severity at severe condition (43.33%) and one 
comorbidity (37.5%). Patients mostly received non-rebreathing oxygen mask (54.2%), antiviral remdesivir (83.3%), 
corticosteroid dexamethasone (76.7%), enoxaparin anticoagulants (61.7%), a combination of vitamin C, vitamin 
D, and multivitamins (45.8%), and two antibiotics (33.3%). Additional treatments include tocilizumab (0.8%), 
intravenous immunoglobulin (2.5%), and convalescent plasma (0.8%). Statistical analysis shows that patients 
who stay at the hospital longer, have less or no comorbidities, and are given oxygen therapy have a significant 
possibility of recovering. Treatments commonly prescribed to COVID-19 patients with acute respiratory failure are 
antivirals, corticosteroids, anticoagulants, vitamins, and antibiotics, while the administration of oxygen therapy has 
a significant probability of recovery.
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Introduction

Coronavirus disease 2019 (COVID-19) is a 
worldwide emergency due to its rapid spread 
and high mortality rate.1 COVID-19 is caused 
by the novel severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2).2 The World Health 
Organization (WHO) declared COVID-19 a global 
pandemic on 11 March 2020.3

The primary target of the coronavirus is 
the human respiratory system. Patients with 
COVID-19 may exhibit a range of symptoms, 
from asymptomatic to critical, followed by acute 
respiratory failure.4 Acute respiratory failure is 
the most prevalent complication and a leading 
cause of death among COVID-19 patients. For 
COVID-19 patients with acute respiratory failure, 

the mortality rate reaches 93%.5 Patients with 
COVID-19 who develop acute respiratory failure 
had a lower quality of life compared to those who 
are not infected.6

Existing research on the management of 
COVID-19 with acute respiratory failure is still 
limited. The COVID-19 therapy guidelines are 
still being revised with the most recent scientific 
findings. Inappropriate drug administration in 
COVID-19 patients with acute respiratory failure 
can result in adverse drug reactions, increase 
mortality, and decrease the cost-effectiveness 
of treatment.7 This study aims to identify the 
COVID-19 treatment patterns in patients with 
acute respiratory failure at Dr. Hasan Sadikin 
Central General Hospital Bandung in 2021–2022.

Copyright @2024 by authors. This is an open access article under a Creative Commons Attribution-NonCommercial-ShareAlike 
4.0 International License (https://creativecommons.org/licenses/by-nc-sa/4.0).
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Methods

This retrospective, descriptive study was 
conducted on the medical records of COVID-19 
patients with acute respiratory failure at Dr. 
Hasan Sadikin Central General Hospital from 
October to November 2022, with prior approval 
from the Research Ethics Committee Universitas 
Padjadjaran, ethical exemption number 863/
UN6.KEP/EC/2022.

The study's sample consisted of the entire 
population that met the inclusion criteria: patients 
diagnosed with a critical degree of COVID-19 
and acute respiratory failure between June 2021 
and June 2022. The total required sample size 
was 120, and the samples were selected using 
systematic random sampling (Figure 1). Medical 
records with insufficient information were 
excluded.

Data extracted from the medical record 
included gender, age (the patient's age recorded 
in the medical record when he was first admitted 
to the hospital), length of stay (calculated 
from the date of admission to the date of 
discharge), outcome (the patient's condition 
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when discharged from the hospital), comorbid 
diseases, and treatment (pharmacological and 
non-pharmacological) during at the hospital. The 
data was analyzed using both Microsoft® Excel 
2021 and IBM® SPSS® 26th version.

Results

Two hundred and seventeen of the 337 samples 
collected did not meet the inclusion criteria and 
were thus excluded from this study. A total of 120 
patients' remaining data were analyzed. Table 1 
showed that most patients in this study were male 
(55.83%) instead of female (44.17%). Most of the 
patients came from 30–60 years old (55.83%) 
and with disease severity at severe condition 
(43.33%). The median length of hospital stay was 
2 days (range: 0–33 days), and most patients 
stayed there for 1–3 days (52.50%).

As shown in Table 1, in all variables, most 
patients died (90% of total patients of 120). Based 
on statistical analysis, variable length of stays 
showed a significant negative correlation with 
the outcome. It was indicated that patients who 
stay at the hospital longer have the probability 

Figure 1	 Study Samples Selection
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of recovering. A similar condition was shown at 
variable in gender that has a negative correlation 
with the outcome but not significantly. On the 
other hand, disease severity was shown to have a 
positive correlation but not significantly with the 
outcome, which means severe disease severity 
has the probability of recovery.

Most patients (37.5%) had at least one 
comorbid condition, as shown in Table 2. Some 
patients had two comorbid diseases (25.8%), 
three comorbid diseases (4.2%), and more than 
three comorbid diseases (7.5%). Most of the 
patients who died in this study had 1 or 3 comorbid 
diseases. Based on statistical analysis, a number 
of comorbid diseases have a significant positive 
correlation with the outcome, which means 
patients with fewer or no comorbidities have a 
probability of recovering. The table of comorbid 
diseases (Figure 2) showed that hypertension 

(27.7%) and diabetes mellitus (23.3%) are the 
two most prevalent comorbid diseases among 
patients in this study.

Table 3 shows the patient's treatment 
(pharmacological and non-pharmacological). 
All patients received oxygen therapy with 
the most frequently employed devices were 
non-rebreathing oxygen face masks (54.2%) 
and invasive mechanical ventilation (21.7%). 
Antivirals were administered to 107 patients 
(89.2%), with remdesivir (83%) being the most 
common. Corticosteroids were administered to 
105 (87.5%) patients. The most frequently used 
corticosteroid was dexamethasone (76.7%). 
Anticoagulants were administered to 108 
patients (90%), with enoxaparin, a low molecular 
weight heparin (61.7%), the most commonly 
administered type. Only one patient (0.8%) was 
administered tocilizumab, an anti-IL-6 agent. One 

Table 1	 Baseline Characteristic of the Study

Variables
Outcome (n=120)

Total
n (%)

Spearman Rho Test
Death
n (%)

Recovered
n (%)

Correlation 
Coefficient p

Gender
Male
Female

58 (86.57)
47 (88.68)

6 (11.32)
9 (13.43)

67 (55.83)
53 (44.17)

−0.032 0.731

Age groups (years)
<30 
30–60 
>60

3 (60.00)
60 (89.55)
42 (87.50)

2 (40.00)
7 (10.45)
6 (12.50)

5 (4.17)
67 (55.83)
48 (40.00)

0.041 0.655

Length of stay (days)
<1
1–3
>3

13 (92.86)
60 (95.24)
32 (74.42)

1 (7.14)
3 (4.76)

11 (25.58)

14 (11.67)
63 (52.50)
43 (35.83)

−0.265 0.003*

Disease severity
Severe
Critical

50 (84.75)
55 (90.16)

9 (15.25)
6 (9.84)

59 (49.17)
61 (50.83)

0.082 0.374

Table 2	 History of Comorbidities in COVID-19 Patients with Acute Respiratory Failure

Number of 
Comorbidities

Outcome (n=120)
Total
n (%)

Spearman Rho Test
Death
n (%)

Recovered
n (%)

Correlation 
Coefficient p

No comorbidities 28 (23.3) 2 (1.7) 30 (25.0)
1 comorbidity 43 (35.8) 2 (1.7) 45 (37.5)
2 comorbidities 28 (23.3) 3 (2.5) 31 (25.8) 0.261 0.004*

3 comorbidities 5 (4.2) 0 (0.0) 5 (4.2)
>3 comorbidities 4 (3.3) 5 (4.2) 9 (7.5)

Note: *significant difference at p<0.05
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Figure 2	 Comorbidities in COVID-19 with Acute Respiratory Failure

hundred and six of 120 patients (88.3%) received 
vitamins, with vitamin C, D, and multivitamins 
(45.8%) being the most common combination. 
Antibiotic therapy was administered to 68 
patients (43.3%), and most (33.3%) were given 
two antibiotics.

Based on statistical analysis of the treatment 
of COVID-19, it was shown that oxygen therapy 
has a positive significant correlation with the 
outcome. It was indicated that the administration 
of oxygen therapy has the probability of recovery. 
A positive correlation, but not significant, 
with the outcome shown when administering 
antiviral, corticosteroid, and antibiotics to the 
patients means that administering these drugs 
has the possibility of recovery. On the other 
hand, a negative but insignificant correlation was 
shown with the administration of anticoagulants, 
anti-IL-6, vitamins, and supplements, which 
means the treatments didn't show a probability 
of recovery.

Table 4 shows the additional treatments 
administered to COVID-19 patients. Intravenous 
immunoglobulin (2.5%) and convalescent plasma 
(0.8%) were administered as adjunctive therapies 
to a total of 4 patients (3.3%). Based on statistical 
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analysis, additional treatments have a negative 
correlation with the outcome, which means 
additional treatment didn't show a probability of 
recovery.

Discussion

Between June 2021 and June 2022, there were 
337 patients (10.6%) at Dr. Hasan Sadikin 
General Hospital Bandung were confirmed to 
have COVID-19 and acute respiratory failure. 
COVID-19 primarily targets the respiratory 
system and is characterized by an immune 
dysregulation that causes a "cytokine storm" in 
the body, particularly in the lung tissue.8

According to subject characteristics data, the 
mean age in this study was 54.9±13.6 years, with 
the majority falling within the 30–60 age group. 
But it also showed that younger age can recover. 
Several factors, including a decline in immune 
function, pre-existing health conditions, and 
the inflammatory response, significantly impact 
recovery from COVID-19 across different age 
groups. This is comparable to a study conducted 
by Xu et al.9 in China, which found that the median 
age of patients was 56.5 years (range: 47.5–67.8), 
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Table 3	 Treatment of COVID-19 Patients with Acute Respiratory Failure

Treatment
Outcome (n=120)

Total
n (%)

Spearman Rho Test
Death
n (%)

Recovered
n (%)

Correlation 
Coefficient p

Oxygen therapy
NRM
IMV
NRM+HFNC
HFNC
NRM+IMV
NRM+HFNC+IMV

63 (52.5)
23 (19.2)
10 (8.3)
6 (5.0)
3 (2.5)
3 (2.5)

2 (1.7)
3 (2.5)
2 (1.7)
2 (1.7)
3 (2.5)
0 (0.0)

65 (54.2)
26 (21.7)
12 (10.0)

8 (6.7)
6 (5.0)
3 (2.5)

0.298 0.001*

Antiviral
Remdesivir
No antiviral
Remdesivir+favipiravir
Favipiravir

89 (74.2)
13 (10.8)
4 (3.3)
2 (1.7)

11 (9.2)
0 (0.0)
0 (0.0)
1 (0.8)

100 (83.3)
13 (10.8)
4 (3.3)
3 (2.5)

0.130 0.157

Corticosteroid
Dexamethasone
No corticosteroid
Dexamethasone+methylprednisolone
Methylprednisolone
Methylprednisolone+hydrocortisone

82 (68.3)
15 (12.5)
9 (7.5)
1 (0.8)
1 (0.8)

10 (8.3)
0 (0.0)
2 (1.7)
0 (0.0)
0 (0.0)

92 (76.7)
15 (12.5)
11 (9.2)
1 (0.8)
1 (0.8)

0.132 0.149

Anticoagulant
Enoxaparin
UFH+enoxaparin
No anticoagulant
UFH

70 (58.3)
19 (15.8)
11 (9.2)
8 (6.7)

4 (3.3)
5 (4.2)
1 (0.8)
2 (1.7)

74 (61.7)
24 (20.0)
12 (10.0)
10 (8.3)

−0.147 0.108

Anti-IL-6
No anti-IL-6
Tocilizumab

107 (89.2)
1 (0.8)

12 (10.0)
0 (0.0)

119 (99.2)
1 (0.8)

−0.035 0.707

Vit and supplement
Vit C+vit D+multivitamin
Multivitamin
Vit D+multivitamin
No vit
Vit C+vit D
Vit C
Multivitamin+vit K
Vit C+vit D+vit K+multivitamin
Vit C+multivitamin
Vit B+vit C+multivitamin 

47 (39.2)
15 (12.5)
13 (10.8)
14 (11.7)
13 (10.8)

2 (1.7)
1 (0.8)
1 (0.8)
1 (0.8)
1 (0.8)

8 (6.7)
1 (0.8)
1 (0.8)
0 (0.0)
0 (0.0)
0 (0.0)
1 (0.8)
1 (0.8)
0 (0.0)
0 (0.0)

55 (45.8)
16 (13.3)
14 (11.7)
14 (11.7)
13 (10.8)

2 (1.7)
2 (1.7)
2 (1.7)
1 (0.8)
1 (0.8)

−0.013 0.886

Antibiotic
No antibiotics
2 antibiotics
3 antibiotics
4 antibiotics
1 antibiotic
>4 antibiotics

51 (42.5)
36 (30)
7 (5.8)
5 (4.2)
6 (5.0)
3 (2.5)

1 (0.8)
4 (3.3)
2 (1.7)
3 (2.5)
1 (0.8)
1 (0.8)

52 (43.3)
40 (33.3)

9 (7.5)
8 (6.7)
7 (5.8)
4 (3.3)

0.074 0.423

Note: *significant difference at p<0.05, NRM: non-rebreathing oxygen mask, IMV: invasive mechanical ventilation, HFNC: high-
flow nasal cannula, UFH: unfractionated heparin, vit: vitamin

and the majority were under 70 years.
On the other hand, based on gender, male 

patients outnumbered female patients. This 

finding is consistent with Bhatraju et al.,10 
indicating that COVID-19 with acute respiratory 
failure is more prevalent in males. Biological 
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(different immune responses in males and 
females) and social factors, such as a high-risk 
lifestyle, may contribute to the high incidence 
and severity of COVID-19 infection in men.11

The median length of stay of patients was 
2 days (range: 0–33 days), in contrast to the 
results of the study by COVID-ICU Group on 
behalf of the REVA Network and the COVID-
ICU Investigators, which showed that the median 
length of stay of patients was 23 days (range: 
13–39 days).12 Most of the patients in this study 
died (90%). When this study was conducted in 
2021–2022, Indonesia experienced two peaks of 
COVID-19 due to the Delta and Omicron variants. 
Compared to previous variants, the Delta was 
linked with a greater risk of death. A high number 
of hospitalizations, a shortage of hospital beds, a 
lack of ICU spaces, and a lack of medical supplies 
were all factors that could have contributed to 
this period's high fatality rate and short hospital 
length of stay.13

However, based on statistical analysis, 
patients who stay longer in hospital have the 
possibility of recovering. This study is in line 
with the Faes et al.14 study, which observed that 
in elderly patients, the median length of stay for 
patients who die varies between 5.7 days and 15.7 
days, while for patients who recover, it varies 
between 15.7 days. It may be related to improved 
clinical experience and treatments throughout 
the epidemic.

The majority of patients have a comorbid 
disease. This study is in line with Guan et al.,15 
which states more than half of patients (52.56%) 
who died due to COVID-19 had more than 
two comorbidities, and the rest had only one 
comorbid. Hypertension, diabetes, and bacterial 
pneumonia are the most prevalent coexisting 
conditions. Hypertension and diabetes were the 
most common comorbidities in patients' deaths 
due to COVID-19. According to Djaharuddin 
et al.16 shows that the most comorbidities were 
hypertension (42.31%) and diabetes (28.21%). 
Since patients with chronic conditions are 
more susceptible to COVID-19 infection, they 
are at increased risk for complications such as 
deterioration of underlying diseases, pneumonia, 
failure of other organs, and sepsis; consequently, 
their chronic diseases may become severe, or 
the patients may die.17 Our findings show that 
comorbidities may be risk factors for mortality in 
COVID-19-exposed patients.

Oxygen therapy administration has more of a 
possibility of recovery. Non-rebreathing oxygen 
mask (NRM) is the most common type of oxygen 
therapy used by patients. Despite this, NRM 
users had the highest mortality rate (52.5%) 
among all other groups. Invasive mechanical 
ventilation (IMV) has a positive effect on the 
recovery of many patients. Based on COVID-19 
management guidelines in Indonesia, NRM 
is used as an initial therapy, but patients with 
acute respiratory failure were advised to be given 
IMV immediately.18 In 2021–2022, Indonesia 
was confronted with two peaks of the Delta and 
Omicron variants of COVID-19. This period 
characterized increased hospitalizations and a 
lack of medical resources, such as oxygen supplies, 
IMV, and high-flow nasal cannula (HFNC). This 
led to a greater reliance on NRM in this study.10 
This study, in line with Ospina-Tascón et al.,19 
shows that patients receiving high-flow oxygen 
therapy showed earlier clinical recovery than 
conventional low-flow oxygen therapy.

On the other hand, administering antiviral, 
corticosteroid, and antibiotics to the patients 
can also recover, but the correlation was not 
significant. The remdesivir group accounted 
for the majority of patients who exhibited 
improvement. This is following management 
guidelines which recommend using remdesivir 
as a first-line antiviral for COVID-19.18 The study 
conducted by Al-Ardhi et al.20 revealed that 
remdesivir has significant advantages over other 
antivirals when administered to patients with 
severe to critical degrees. Remdesivir reduces 
the viral load in the body by inhibiting the RNA-
dependent RNA polymerase (RdRp) enzyme, 
which is involved in the replication process of 
SARS-CoV-2.21

Dexamethasone has a positive effect, as 
indicated by the many patients who experience 
improvement. This follows the COVID-19 
management guidelines, which recommend 
dexamethasone as the first-line corticosteroid, 
methylprednisolone, and hydrocortisone for 
patients receiving oxygen therapy who are 
severely ill.18 According to a study, dexamethasone 
was the first drug to significantly reduce the risk 
of death in COVID-19 patients with respiratory 
failure requiring oxygen therapy.22

Besides cephalosporin and quinolone, some 
antibiotics like aminoglycoside and β-lactam are 
commonly used, especially in combination with 
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four antibiotics. These findings are consistent with 
the Indonesian Ministry of Health guidelines for 
selecting antibiotics for community pneumonia.23 
According to Risa et al.24 found that up to 60% of 
COVID-19 patients with acute respiratory failure 
had a secondary bacterial infection; therefore, 
using empirical antibiotics is strongly advised, 
especially for ventilator-dependent patients.

The other drugs, like anticoagulants, anti-
IL-6, vitamins, and additional treatments, didn't 
show a possibility of recovery. Anticoagulant 
enoxaparin was administered to 74 patients 
(61.7%). The majority of patients treated with 
enoxaparin died. Unfractionated heparin 
(UFH) and enoxaparin have demonstrated a 
lower mortality rate and a more significant 
number of improvements compared to other 
treatments. This is consistent with the COVID-19
management guidelines, which recommend 
enoxaparin for critically ill patients and UFH 
for those with moderate to severe symptoms.18 
Pawlowski et al.25 discovered that the mortality 
rate and risk of bleeding in COVID-19 patients 
who received enoxaparin were significantly 
lower than in those who received UFH. This may 
account for the high use of enoxaparin in this 
study.

Only one patient was administered anti-
IL-6 as tocilizumab, and no improvement was 
observed. Guidelines for managing COVID-19 in 
Indonesia and The Italian Society of Infectious 
and Tropical Disease (SIMIT) recommend using 
tocilizumab in patients with severe COVID-19 or 
acute respiratory failure.18

Most patients were given vitamins in the 
form of a combination of vitamin C, vitamin D, 
and multivitamins, and eight patients (6.7%) 
experienced improvement. It is in line with 
the management guidelines that recommend 
a combination of vitamin C, vitamin B1, and 
vitamin D.18 Most of the patients in this study 
obtained vitamin B1 through the ingredients in 
the multivitamin. In addition to the standard 
treatment, four patients received intravenous 
immunoglobulin (2.5%) and convalescent plasma 
(0.8%). All patients who received adjunctive 
therapy perished.

The research has a limitation: this study did 
not assess treatment duration, which may have 
influenced treatment outcomes. Additional 
research analyzing the suitability of treatment 
relative to hospital standard operating procedures 

and the duration of treatment can confirm this 
finding.

Conclusions

COVID-19 patients with acute respiratory failure 
were predominantly male, aged 30–60 years old, 
and had a hospital stay of 1 to 3 days. The majority 
presented with severe disease and at least 
one comorbidity. Pharmacological treatments 
commonly administered included antivirals, 
corticosteroids, anticoagulants, vitamins, and 
antibiotics. In addition to standard therapies, 
other interventions such as anti-IL-6, intravenous 
immunoglobulin (IVIG), and convalescent plasma 
were also employed. Potential therapies that may 
enhance patient recovery include oxygen therapy, 
antiviral agents, corticosteroids, and antibiotics.
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Abstract

Non-syndromic cleft lip and palate (NS-CLP) is one of the most common orofacial malformations, with an incidence 
of 1 in 700 live births worldwide. This study aimed to determine the risk factor for NS-CLP among the Indonesian 
Deutero-Malay population by analyzing the FOXE1 rs3758249, IRF6 rs2235375, and MTRR A66G polymorphisms. 
It is a case-control study, using 50 samples of NS-CLP patients and 50 samples of control (for FOXE1 rs3758249 
and MTRR A66G), 30 samples of NS-CLP patients, and 30 samples of control (for IRF6 rs2235375). After DNA was 
extracted, polymerase chain reaction-restriction fragment length polymorphisms (PCR-RFLPs) were performed by 
using restriction enzymes of Mscl (FOXE1 rs3758249) and Nde1 (MTRR A66G), and sequencing was performed 
for IRF6 rs2235375. The study was done in the Molecular Genetic Laboratory, Faculty of Dentistry Universitas 
Padjadjaran Bandung, from September 2023 to January 2024. The chi-square test was used with the exact Fisher's 
alternatives. The results showed that in FOXE1 3758249, A allele (mutant) was found more in control (OR=0.744, 
p>0.05), in MTRR A66G, G allele (mutant) was found more in NS-CLP (OR=1.267, p>0.05) meanwhile in IRF6 
rs2235375, G allele (mutant) (OR=1.710, p>0.05) was found more in NS-CLP. This study concluded that FOXE1 rs 
3758249, IRF6 rs2235375, and MTRR A66G genes were not the risk factor for NS-CLP in the Indonesian Deutero-
Malay population.
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Introduction

Cleft lip and palate (CLP) is a congenital orofacial 
malformation caused by the failure of the upper 
lip and palate to fuse.1 Clinically, three main types 
of CLP include cleft lip (CL), which is a cleft that 
occurs only on the lip; cleft palate (CP), which is 
an aperture that occurs on the palate; and cleft 
lip and palate (CLP), which is a cleft that occurs 
on both the lip and palate.2 CLP can be divided 
into syndromic (S) and non-syndromic (NS) 
depending on whether any other syndromes 
accompany CLP.2

The NS-CLP is thought to be influenced 
by genetic and environmental factors 
(multifactorial).3 Genetic factors include 

polymorphisms in specific genes that are also 
associated with mechanisms that predispose to 
CLP.2 Environmental factors can be influenced 
by alcohol consumption and smoking during 
pregnancy. In contrast, genetic factors occur 
when the patient's parents directly inherit the 
condition.4

Approximately 70% of CLP cases are NS-
CLP.5 The highest prevalence of NS-CLP is in 
Asian populations, followed by people of Western 
European descent and Africans.6 Based on a 
study in West Java, Indonesia, from 2011 to 2015, 
using data collected from patients who received 
treatment at hospitals in that period, there were 
1,596 patients with oral aperture, and it was found 
that NS-CLP patients had the highest percentage, 

Copyright @2024 by authors. This is an open access article under a Creative Commons Attribution-NonCommercial-ShareAlike 
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reaching 50.53% from all cases. Furthermore, 
NS-CP was found in 25.05% of patients, while 
NS-CL occurred in approximately 24.42% of 
patients.7

The forkhead box E1 (FOXE1) gene is thought 
to be one gene involved in the development of 
human craniofacial clefts; it is a transcription 
factor involved in the growth of the thyroid 
gland and the formation of the craniofacial 
epithelium. FOXE1 involvement has been 
reported in conditions such as congenital 
hypothyroidism, Van der Woude syndrome, 
Pierre Robin syndrome, and CLP. Several studies 
found a significant association between NS-CLP 
and single nucleotide polymorphisms (SNPs)  
or polymorphism of FOXE1 rs3758249. Based 
on a study in the Northeast region of China, 
it was concluded that the FOXE1 gene has a 
close relationship with NS-CLP.8 The interferon 
regulatory factor 6 (IRF6) gene is involved in 
the immune response. It has functions in cell 
signaling, craniofacial morphogenesis, epithelial 
cell proliferation, and differentiation. It encodes 
for a transcription factor that regulates the 
expression of interferons and other genes 
necessary for the immune system and wound 
healing.9 Polymorphisms in the IRF6 gene can 
cause epidermal hyperproliferation, leading 
to impaired fusion in various lip and palate 
formation processes. These polymorphisms 
fail terminal differentiation (proliferation of 
epidermis or epithelium differentiating into 
mesenchyme) and multiple epithelial adhesions, 
leading to CLP. Studies in different populations, 
such as Europe and China, have identified the 
IRF6 gene as one of the genes predisposing to 
NS-CLP and as a candidate gene that consistently 
exerts a significant influence on the incidence of 
NS-CLP, including IRF6 rs2235375.10 Methionine 
synthase reductase (MTRR) gene polymorphisms 
are also associated with the incidence of NS-CLP 
and being involved in folic acid metabolism, 
especially MTRR rs1801394 A66G.11 A study in 
the Chinese population showed that the MTRR 
A66G gene was thought to be associated with an 
increased risk of NS-CLP.12 However, a study in 
Turkey's population showed that MTRR A66G  
was not a risk factor for the incidence of NS-CLP.13

The FOXE1 rs3758249, IRF6 rs2235375, 
and MTRR A66G gene polymorphisms as risk 
factors of NS-CLP in the Indonesian Deutero-
Malay population, which is the largest population 
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in Indonesia, have never been studied before. 
Therefore, we are interested in analyzing FOXE1 
rs3758249, IRF6 rs2235375, and MTRR A66G as 
risk factors of NS-CLP in the Indonesian Deutero-
Malay population, which is the largest population 
in Indonesia.

Methods

This study was done at the Molecular Biology 
Laboratory, Faculty of Dentistry, Universitas 
Padjadjaran Bandung, Indonesia, from 
September 2023 to January 2024. It was 
approved by the Research Ethics Committee of 
Universitas Padjadjaran with the number 1341/
UN6.KEP/EC/2023.

The samples consist of 50 NS-CLP patients 
and 50 controls for FOXE1 rs3758249 and MTRR 
A66G, 30 NS-CLP patients, and 30 controls for  
IRF6 rs 2235375. The DNA was isolated from the 
venous blood of all samples, and then polymerase 
chain reaction (PCR) was done using primers 
that include 5’GA TGGTGGTGCCAGGTGA-3 
(forward) and 5’GCTTTGAGCGTTTCCACA-3’ 
(reverse) for FOXE1 rs3758249,14 
5’AGTTGGCCCAAAACTGAAC3’ (forward) and 
5’GGCTAGCCAGGAAACAGAAA3’ (reverse) for 
IRF6 rs2235375, and 5’- GCA AAG GCC CAT CGC 
AGA AGA CAT-3’ (forward) and 5’- GTG AAG 
ATC TGC AGA AAA TCC ATG TA-3’ (reverse) for 
MTRR A66G.11

The PCR results were evaluated by using 
agarose gel electrophoresis. The optimal PCR 
product for FOXE1 rs3758249 is a band of 211 
basepairs (bp), for IRF6 rs2235373 is a band of 
243 bp, and for MTRR A66G is a band of 66 bp. 
The optimal PCR products were then evaluated by 
using restriction fragment length polymorphisms 
(RFLPs), which were digested by restriction 
enzymes of Msc1 (FOXE1 rs3758249),8 and 
NdeI (MTRR A66G).15 In contrast, the Sanger 
sequencing method sequenced the optimal PCR 
product of IRF6 rs2235375. Allele and genotype 
frequencies between patients and control 
subjects were analyzed using the chi-square test, 
and Fisher's exact test will be used as another 
alternative.

Results

The optimal PCR products of the FOXE1 
rs3758249, IRF6 rs2235375, MTRR A66G, and 
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PCR-RFLPs of FOXE1 rs3758249 and MTRR 
A66G are shown in Figure 1. In Figure 1D, there 
were only two genotypes of FOXE1 rs3758249, 
including the GG genotype (homozygous normal/
wild type; 211 bp) and GA genotype (heterozygous 
mutant; 211, 163, and 48 bp). In Figure 1E, there 
were three genotypes of MTRR A66G that include 
AA genotype (homozygous normal/wild type; 44 
and 22 bp), AG genotype (mutant heterozygous; 
66, 44, and 22 bp), and GG genotype (mutant 
homozygous; 66 bp). To evaluate the PCR-RFLPs 
result of FOXE1 rs3758249, some of the samples 
were assessed by sequencing the Sanger method 

from each genotype (Figure 2), but we did not 
do the sequencing of MTRR A66G due to very 
short base sequences. Sequencing results of IRF6 
rs2235373 are shown in Figure 3, and it shows 
the CC genotype (homozygous normal/wild 
type), CG genotype (mutant heterozygous), and 
GG genotype (mutant homozygous).

The allele and genotype frequencies are 
described in Tables 1, 2, and 3. The allele and 
genotype frequencies of all polymorphisms did 
not show risk factors of NS-CLP. It indicates 
that FOXE1 rs3758249, IRF6 rs2235375, and 
MTRR A66G are not risk factors for NS-CLP 

BA C

D E
Figure 1	 Polymerase Chain Reaction (PCR) Products

Note: (A) PCR product of FOXE1 rs3758249, lane 2–5 DNA bands of optimal PCR products (211 bp); (B) 
PCR product of IRF6 rs2235375, lane 2–5 DNA bands of optimal PCR products (243 bp); (C) PCR product 
of MTRR A66G, line 2–5 DNA bands of PCR products (66 bp); (D) PCR-RFLPs of FOXE1 rs3758249, 
lane 2 and 7 GG genotype (homozygous normal), lane 3–6 GA genotype (mutant heterozygote); (E) 
PCR-RFLPs of MTRR A66G, lane 2–4 AG genotype (heterozygous mutant), lane 5 and 7 AA genotype 
(homozygous normal), lane 6 GG genotype (homozygous mutant)

Figure 2	 Sequencing Results of FOXE1 rs3758249
Note: (A) GG genotype (normal homozygous/wild type);
(B) GA genotype (mutant heterozygous)

BA
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Figure 3	 Sanger Sequencing Results of IRF6 rs2235375
Note: (A) Normal homozygous CC genotype (normal homozygous/wild type); (B) CG
genotype (mutant heterozygous); (C) GG genotype (mutant homozygous)

BA C

Table 1	 Allele and Genotype Frequency of the FOXE1 rs3758249 among NS-CLP and 
Control

Allele and 
Genotype

NS-CLP 
n=50

Control 
n=50 χ2 p OR 95% CI

G 90 87 0.442 0.506 1.345 0.560–3.228
A 10 13 0.442 0.506 0.744 0.310–1.785
GG 40 37 0.508 0.476 1.405 0.550–3.590
GA 10 13 0.508 0.476 0.712 0.279–1.818
AA 0 0 0 0 0 0–0

Note: OR: odds ratio, CI: confidence interval, G: wild type allele of FOXE1 rs3758249, A: mutant allele of FOXE1 rs3758249, 
significance p<0.05

Table 2	 Allele and Genotype Frequency of the IRF6 rs2235373 among NS-CLP and 
	 Control

Allele and 
Genotype

NS-CLP 
n=30

Control 
n=30 χ2 p OR 95% CI

C 26 34 2.133 0.144 0.585 0.284–1.204
G 34 26 2.133 0.144 1.710 0.831–3.521
CC 5 11 3.068 0.080 0.345  0.103–1.163
CG 16 12 1.071 0.301 1.714 0.616–4.772
GG 9 7 0.341 0.559 1.408  0.445–4.453

Note: OR: odds ratio, CI: confidence interval, C: wild type allele of IRF6 rs2235373, G: mutant allele of IRF6 rs2235373, 
significance p<0.05

Table 3	 Allele and Genotype Distribution of the MTRR A66G among NS-CLP and 
	 Control

Allele and 
Genotype

NS-CLP 
n=50

Control 
n=50 χ2 p OR 95% CI

A 67 72 0.590 0.443 0.790 0.432–1.444
G 33 28 0.590 0.443 1.267 0.693–2.316
AA 22 24 0.161 0.688 0.851 0.387–1.870
AG 23 24 0.040 0.841 0.923 0.421–2.024
GG 5 2 1.425 0.436 2.667 0.492–14.445

Note: OR: odds ratio, CI: confidence interval, A: wild type allele of MTRR A66G, G: mutant allele of MTRR A66G, significance 
p<0.05
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in the Indonesian Deutero-Malay population. 
Meanwhile, GA genotype of FOXE1 rs3758249 
(OR=0.712, p=0.476) tend to be a protective 
factor and no AA genotype was found (Table 
1). The G allele (OR=1.710, p=0.144) and CG 
genotype (OR=1.714, p=0.301) of IRF6 rs2235373 
tend to increase the risk of NS-CLP (Table 2). The 
GG genotype of MTRR A66G tends to be a risk 
factor for NS-CLP (OR=2.667, p=0.436, Table 3).

Discussion

The FOXE1  gene is located on chromosome 
9q22.q33, consisting of one exon and expressed 
transiently in the thyroid gland and anterior 
pituitary, is part of a family of transcription factors 
containing a DNA-binding forkhead domain 
that can bind and open chromatin structures.8,14 
Polymorphisms of this gene, especially in the 
promoter region, have been associated with 
various thyroid-related etiologies, orofacial 
cleft including CLP, hypothyroidism (HT), and 
thyroid cancer, so the FOXE1 rs3758249 gene has 
a very important role in the process of embryonic 
development. FOXE1 rs3758249 polymorphism 
is in the form of base G into A substitution in the 
upstream region.8,14 There are different results 
of the risk factors for FOXE1 rs3758249 in the 
incidence of NS-CLP in several other populations. 
A study in Northeastern China showed that 
FOXE1 rs3758249 was strongly associated with 
NS-CLP;8 strong associations were found in 
Central Europe and Mayan Mesoamerican.16 
Meanwhile, another study on population in China 
showed that FOXE1 rs3758249 was not associated 
with NS-CLP.17 In this study, FOXE1 rs3758249 
is also not a risk factor for NS-CLP among the 
Indonesian Deutero-Malay population, but 
the GA genotype tends to be a protective factor 
(OR=0.712, p=0.476, Table 1). Differences in 
results on the same polymorphisms associated 
with NS-CLP revealed that the role of the same 
polymorphisms on NS-CLP depends on different 
races and geographical statuses.

The IRF6 gene, also known as CLP gene,18 is 
located on chromosome 1q32.2-q4 and encodes 
a member of IRF family and consists of 10 exons, 
with the start codon in exon three and the stop 
codon in exon.8,10,19,20 IRF6 plays an important 
role in epidermal development and is helpful 
for the expression of the leading ectoderm 
on the palatal shelves before and during 

primary palate formation. The IRF6 mediates 
TGFβ3 in regulating epithelial-mesenchymal 
transformation (EMT) and apoptosis during 
palatal fusion. The IRF6 gene regulates the 
degradation of Δp63 protein, resulting in the 
induction of p21 expression and apoptosis 
of medial edge epithelium (MEE), which are 
important for palatal fusion.10 Mutations in IRF6 
result in hyperproliferation of the epidermis, 
which inhibits the terminal differentiation process 
so that the MEE in both palatal shelves fail to 
transform into mesenchyme in the EMT process 
and palatal shelves fusion does not occur then 
bring it into CP condition.21 The study in Western 
China found an association of IRF6 rs2235371, 
rs2013162, and rs2235375 polymorphisms with 
the incidence of NS-CLP abnormalities.22 IRF6 
rs2235375 is located in the intron six as base C 
into G substitution. The study in Mexico detected 
a significant under-transmission of the common 
allele C and a significant over-transmission of the 
allele G for the rs2235375 marker, and the study 
in South India also detected IRF6 rs2235375 to 
have a positive association with NS-CLP.20,22,23

Some IRF6 polymorphisms have been studied 
among the Deutero-Malay population associated 
with NS-CP and NS-CLP, with significant results 
in Indonesia. Those polymorphisms are IRF6 
rs2235371 as a risk factor of NS-CP,24 IRF6 
rs2013162,25 and IRF6 rs64296126 as the risk 
factors of NS-CLP. In this study, IRF6 rs2235375 
is not a risk factor for NS-CLP in the Indonesian 
Deutero-Malay population, but the mutant G 
allele tended to increase the risk of NS-CLP 
(OR=1.710, p=0.144). IRF6 is known to be a CLP 
gene,18 but not all polymorphisms in this gene can 
be associated with the risk of NS-CLP, especially 
in the Indonesian Deutero-Malay population, 
suggesting the different roles of each SNPs in the 
IRF6 gene.

The MTRR gene is located on chromosome 
5p15.2-15.3 with a length of about 3.6 kb and 
encodes 698 amino acids with a molecular weight 
of about 77 kDa and has 15 exons.11 The MTRR 
gene is linked to folic acid metabolism. It plays 
a vital role in homocysteine metabolism.27 The 
MTRR gene is required for reductive methylation 
of vitamin B12 and is a gene that encodes the 
enzyme methionine synthase reductase, which 
plays a vital role in methionine metabolism and 
vitamin B12 regeneration.11 MTRR A66G is the 
most common polymorphism in which adenine 
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is replaced by guanine, causing the substitution 
of isoleucine with methionine at codon 22.11,28 
This polymorphism involved in homocysteine 
metabolism associated explicitly with elevated 
plasma homocysteine concentration that 
may increase the predisposition of NS-CLP.27 
Homocysteine is formed from methionine 
metabolism, homocysteine must undergo 
methylation to be converted into methionine. 
Folic acid deficiency can disrupt the process of the 
folate-methionine reaction, where methionine 
is needed for protein formation. When there is a 
disturbance in methionine formation, the process 
of protein formation can not occur properly, 
which causes MTRR deficiency and brings into 
hyperhomocysteinemia, which is thought to 
affect fusion between the medial nasal process 
and maxillary process, resulting in NS-CLP.29

In this study, MTRR A66G was not a risk 
factor associated with NS-CLP. However, the GG 
genotype tends to increase the risk of NS-CLP 
among the Indonesian Deutero-Malay population 
(OR=2.667, p=0.436, Table 3). This result was 
supported by a study of the population in Turkey, 
which also showed no significant relationship 
between MTRR A66G gene polymorphism and 
the incidence of NS-CLP.11 However, a different 
result was found  in the Chinese population, as 
there was a significant association between the 
MTRR A66G and the incidence of NS-CLP.12

Conclusion

FOXE1 rs 3758249, IRF6 rs 2235375, and MTRR 
A66G gene are not risk factors for NS-CLP  in the 
Indonesian Deutero-Malay population.
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Abstract

Tinnitus risk factors for type 2 diabetes mellitus (T2DM) are still under debate. Our study objective was to find tinnitus 
prevalence and principal risk factors in community-dwelling T2DM subjects. It was an analytical observational 
cross-sectional design study conducted from August to October 2023 at a public health center in West Jakarta. 
The consecutive non-random sampling method included 140 ambulatory T2DM study subjects. Tinnitus Screener 
and Tinnitus Handicap Inventory assessed tinnitus presence and severity. Age, sex, T2DM duration, fasting and 
2-hour post-prandial blood glucose concentrations, lipid profile, blood pressure, and severity of hypertension 
were extracted from medical records. Data analysis was by chi-squared or Fisher exact tests, followed by multiple 
logistic regression analysis, with statistical significance set at p<0.05. The subjects' mean age was 54.71±5.33 
years, and T2DM duration was 8.75±2.55 years. Tinnitus prevalence was 92 (65.17%), with 44 subjects (47.8%) 
having moderate tinnitus. Multivariable logistic regression findings: age (p=0.576), T2DM duration (p=0.116), total 
cholesterol (p=0.053), HDL-cholesterol (p=0.425), hypertension (p=0.046). Hypertension increased the risk of 
tinnitus by 2.289 times in T2DM subjects after adjusting for age, T2DM duration, and total and HDL cholesterol. 
Hypertension is the main tinnitus risk factor. The high tinnitus prevalence in our T2DM subjects requires regular 
screening for auditory function and control of blood pressure to minimize tinnitus risk in T2DM subjects.
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Introduction

Diabetes mellitus (DM) is a serious chronic 
condition with characteristic hyperglycemia 
resulting from low blood insulin concentrations 
due to reduced insulin synthesis or ineffective 
insulin utilization.1 Globally, over 90% of DM 
cases are of type 2 (T2DM).1 According to the 
International Diabetes Federation (IDF) 2021 
report, Indonesia occupied fifth rank, with the 
current 19.5 million diabetes mellitus cases 
being projected to increase to 28.6 million in 
2045.1 In T2DM, the hyperglycemia may result 
in microangiopathy causing the basement 
membrane of the capillaries to thicken. 
Microvascular changes might also occur in the 
inner ear, disrupting the circulation flow and 
resulting in the narrowing of capillaries and the 
loss of the outer hair cells, which are responsible 

for the amplification of sound entering the 
cochlea.2 This may lead to degeneration of nerve 
cells, observable in both the cochlea and the 
eighth cranial nerve, and atrophy of the outer 
hair cells in the organs of Corti, such that patients 
with T2DM frequently have hearing disorders, 
including tinnitus.2

Tinnitus is the uni- or bilateral occurrence of 
abnormal aural sounds without external sounds.3 
Little has been understood of the relationship 
between diabetes and tinnitus.2 The metabolism 
of the inner ear depends on the oxygen and 
glucose supply from the blood circulation. 
Alterations in the glucose metabolism as a result 
of microangiopathy can disturb the function of 
the brain cells and the inner ear, which may lead 
to tinnitus.2 Tinnitus prevalence in T2DM cases 
varies between countries from 9.2% to 26.4%.3,4

Several studies that have been conducted to 
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determine the relationship between risk factors 
and the occurrence of tinnitus have shown 
inconsistent results. Panahi et al.,5 Biswas et al.,6 
and Jarach et al.7 confirmed that aging increases 
tinnitus prevalence. However, Oosterloo et al.8 
found that tinnitus may not be age-dependent. 
Mousavi et al.3 and Dhulipalla et al.9 showed 
a relationship between T2DM duration and 
tinnitus severity. Musleh et al.10 reported that 
T2DM cases with high lipid profile showed a 
2.2-fold significantly greater risk for tinnitus, 
whereas Lee et al.11 determined that in the 
hypertriglyceridemia group, there was a 1.27-
fold significant risk for tinnitus than in the non-
hypertriglyceridemia group, after adjusting for 
other factors. Ramatsoma and Patrick12 reported 
hearing loss and tinnitus were more frequently 
found in hypertensive than non-hypertensive 
adults. However, Huang et al.13 showed that the 
odds of prior hypertension were similar between 
the groups with and without tinnitus.

Up to the present, information on prevalence 
and tinnitus risk factors in community-dwelling 
T2DM cases still needs to be improved. It is 
urgently required to plan essential T2DM policies 
to prevent tinnitus. In T2DM with chronic 
tinnitus, psychological or emotional effects, sleep 
disturbance, auditory dysfunction, and other 
health issues reduce the quality of life.14 The 
present study aimed to determine the prevalence 
of tinnitus and the associated risk factors that 
may predict tinnitus occurrence in community-
dwelling T2DM cases.

Methods

This analytical observational cross-sectional 
study was conducted on ambulatory T2DM cases 
at a public health center in Grogol Petamburan, 
West Jakarta, from August to October 2023. 
A total of 140 patients with diabetes mellitus 
were collected by consecutive non-random 
sampling. The inclusion criteria for prospective 
subjects were: T2DM cases between 45–60 years 
old, T2DM duration >5 years, capable of good 
communication, and agreeing to become study 
subjects by giving written informed consent. 
The exclusion criteria were: consumption of 
ototoxic medications in the recent past, having 
neurological disorders, or having been diagnosed 
with inner or outer ear disease, acoustic trauma, 
head trauma, or chronic otitis media.

Noorma Zuliana Puryani and Yenny Yenny: Associated Tinnitus Risk Factors in Patients with Type 2 Diabetes Mellitus

The sample size was computed using (1) the 
formula for an infinite (unknown) population and 
(2) the formula for a finite (known) population:

          (Zα2) × p × q
                    d2

Where n0:  required optimal sample size; Zα: 1.96;  
p: prevalence  of tinnitus in diabetes mellitus = 
0.09 (8); q: (1−p) = 0.91; determined degree of 
confidence or accuracy of measurement = 0.01; 
resulting in n0 = 126.

n = n0/(1+(n0/N))  ......(2)

Because the number of persons with T2DM (N) at 
the data collection site was 568, using formula (2) 
and adding 15 percent of anticipated dropouts, 
the required sample size was 121. The final sample 
size was 140.

This study was approved for ethical clearance 
by the Research Ethics Committee of the Faculty 
of Medicine, Universitas Trisakti (148/KER-FK/
VII/2023). Data on age, sex, T2DM duration, 
history of hypertension, current blood pressure, 
lipid profile (total cholesterol, triglycerides, HDL 
cholesterol, LDL cholesterol), and fasting and 
2-hour post-prandial blood glucose were obtained 
from medical records. To differentiate between 
tinnitus and the normal auditory phenomenon of 
"transient ear noise," the Tinnitus Screener was 
used.15 Tinnitus Screener results of constant or 
intermittent tinnitus indicate chronic tinnitus. 
Subsequently, the tinnitus status was determined 
with the Tinnitus Handicap Inventory 
questionnaire (Indonesian version),16 consisting 
of 26 items on tinnitus status. Initially, the subject 
was asked to answer each item with a three-level 
score (yes: four scores, occasionally: two scores, 
and no: 0 scores). Next, all scores were summed 
to obtain the total score. The range of obtainable 
scores was 0–100. The severity of tinnitus 
based on the total score was categorized into 
slight, mild, moderate, severe, and catastrophic, 
corresponding to score ranges of 0–16, 18–36, 
38–56, 58–76, and 78–100, respectively.

Age was categorized into <50 years and 
≥50 years, sex was categorized into male and 
female, and T2DM duration was categorized 
into <8 years and ≥8 years. Lipid profile (total 
cholesterol, triglycerides, HDL cholesterol, and 
LDL cholesterol) was categorized based on the 

n0 =                             ......(1)
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criteria of the Third Report of the Expert Panel 
on Detection, Evaluation, and Treatment of High 
Blood Cholesterol in Adults (Adult Treatment 
Panel III, or ATP III).17 Total cholesterol was 
categorized into <200 mg/dl and ≥200 mg/dl, 
triglyceride concentration into <150 mg/dl and 
≥150 mg/dl, HDL cholesterol into <60 mg/dl and 
≥60 mg/dl, and LDL cholesterol into <160 mg/dl 
and ≥160 mg/dl. Blood glucose categories were 
determined based on the criteria of the American 
Diabetes Association,18 where fasting blood 
glucose was categorized into <120 mg/dl and 
≥120 mg/dl. In contrast, 2-hour post-prandial 
blood glucose was categorized into <200 mg/dl 
and ≥200 mg/dl. The presence of hypertension 
was categorized into no hypertension if the blood 
pressure was <140/90 mmHg and hypertension 
if the blood pressure was ≥140/90 mmHg.

Before data analysis, data cleaning was 
performed using consistency, range, and logical 
checks. The Kolmogorov-Smirnov test for all 
numerical variables determined the normality 
of data distribution. Numerical data of normal 
distribution were presented as mean±SD, whereas 
numerical data of non-normal distribution 
were presented as median. Categorical data 

were reported as number of respondents (n), 
percentage (%), odds ratio (OR), and 95% 
confidence interval (95%CI). The t-test and 
Mann-Whitney test were used to find differences 
in numerical data between the tinnitus and non-
tinnitus groups. Chi-squared test and Fisher's 
exact test were used to determine the relationship 
of the categorical data of age, sex, T2DM duration, 
lipid profile (total cholesterol, triglycerides, HDL 
cholesterol, and LDL cholesterol), blood glucose 
(fasting and 2-hour post-prandial), and presence 
of hypertension accompanied by tinnitus in 
T2DM cases. Risk factors with a p-value of <0.2 in 
the Mann-Whitney U-test and independent t-test 
were deemed candidate variables for analysis with 
the multivariable logistic regression test, with 
the statistical significance set at p<0.05. Data 
processing was done using the SPSS statistical 
program version 25.

Results

This study involved 140 T2DN cases, with a mean 
age of 54.71±5.33 years. The majority of subjects 
(78 or 55.7%) were female, with a mean T2DM 
duration of 8.75±2.55 years.

Table 1	 Subject Characteristics

Variables
Tinnitus

p$Present 
n=92

Absent
n=48

Age (years), median (min–max) 56 (38–70) 52.5 (41–68) 0.005*

Duration of type 2 diabetes mellitus (years) 10 (5–15) 7.5 (5–14) 0.004*

Blood lipids (mg/dl)
Total cholesterol
Triglycerides
High-density lipoprotein cholesterol
Low-density lipoprotein cholesterol

197.5 (110–291)
146.59±60.16

43 (25–76)
110.5 (40–181)

202.5 (113–303)
154.88±77.93
43 (28–80)

89.5 (39–180)

0.740
0.138#

0.616
0.121

Blood glucose (mg/dl)
Fasting
2-hour post-prandial

145.5 (77–379)
198 (100–437)

144.5 (90–458)
187 (98–487)

0.711
0.970

Blood pressure, mean±SD (mmHg)
Systolic
Diastolic

129 (100–169)
90 (70–100)

120 (100–160)
80 (70–100)

0.053
0.510

Severity of tinnitus, n (%)
Slight 
Mild
Moderate
Severe
Catastrophic 

7 (7.6)
28 (30.4)
44 (47.8)
13 (14.1)

0 (0)
Note: $Mann-Whitney U test, #independent t-test, *significance p<0.05. Hypertension categories: no hypertension = blood 
pressure <140 mmHg/80 mmHg, hypertension = blood pressure ≥140/80 mmHg. Severity of tinnitus was measured with the 
Tinnitus Handicap Inventory questionnaire and categorized into slight (score ≤16), mild (18–36), moderate (38–56), severe 
(58–76), catastrophic (78–100)
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The subjects with and without hypertension 
were equal, namely 70 subjects (50%) in each 
group. Tinnitus was found in 92 subjects 
(65.17%), among whom 44 subjects (47.8%) had 
moderate tinnitus (Table 1).

The group of respondents with tinnitus had a 
significantly higher median age (p<0.005) and a 
substantially longer duration of T2DM (p<0.004) 
in comparison with the group of respondents 
without tinnitus. No differences were found in 
blood lipid (total cholesterol, triglycerides, HDL 
cholesterol, LDL cholesterol) and blood glucose 
levels (fasting and 2-hour post-prandial), as well 
as in blood pressure (systolic and diastolic) in the 
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tinnitus and non-tinnitus groups (Table 1).
We used the chi-squared and Fisher's exact 

tests to determine the risk factors meeting the 
conditions for inclusion in the multivariate test 
(Table  2). We found five variables meeting the 
conditions for inclusion in the multivariate test, 
namely age (OR=0.364, 95% CI=0.153–0.869, 
p=0.020), T2DM duration (OR=0.373, 95% 
CI=0.180–0.773, p=0.007), total cholesterol 
(OR=0.619, 95% CI=0.306–1.250, p=0.180), 
HDL  cholesterol (OR=0.528, 95% CI=0.199–
1.405, p=0.196), and presence of hypertension 
(OR=2.167, 95% CI=1.060–4.430, p=0.033).

Table 3 shows the results of the multivariable 

Table 2	 Relationship of Several Risk Factors with Tinnitus in T2DM Subjects

Variables
Tinnitus

pb OR (95% CI)Yes
n=92 (%)

No 
n=48 (%)

Age (years)
<50
≥50

	
12 (46.2)
80 (70.2)

	
14 (53.8)
34 (29.8)

0.020@ 0.364 (0.153–0.869)

Gender
Male
Female

42 (67.7)
50 (64.1)

20 (32.3)
28 (35.9)

0.652 1.176 (0.581–2.381)

Type 2 diabetes mellitus duration 
(years)

<8
≥8

25 (51.0)
67 (73.6)

24 (49.0)
24 (26.4)

0.007@ 0.373 (0.180–0.773)

Total cholesterol level (mg/dl)
<200
≥200

55 (70.5)
37 (59.7)

23 (29.5)
25 (40.3)

0.180@ 0.619 (0.306–1.250)

Triglycerides level (mg/dl)
<150
≥150

49 (85.3)
43 (66.2)

26 (34.7)
22 (33.8)

0.919 1.037 (0.515–2.089)

High-density lipoprotein cholesterol 
level (mg/dl)

<60
≥60

82 (67.8)
10 (52.6)

39 (32.2)
9 (47.4)

0.196 0.528 (0.199–1.405)

Low-density lipoprotein cholesterol level 
(mg/dl)

<160
≥160

84 (65.6)
8 (66.7)

44 (34.4)
4 (33.3)

1.000 1.048 (0.299–3.673)

Fasting blood glucose level (mg/dl)
<126
≥126

26 (63.4)
66 (66.7)

15 (36.9)
33 (33.3)

0.712 1.154 (0.539–2.469)

2-hour post-prandial blood glucose level 
(mg/dl)

<200
≥200

49 (64.5)
43 (67.2)

27 (35.5)
21 (32.8)

0.736 1.128 (0.559–2.277)

Hypertension
No hypertension 
Hypertension

40 (57.1)
52 (74.3)

30 (42.9)
18 (25.7)

0.033@ 2.167 (1.060–4.430)

Note: bchi-squared test and Fischer's exact test; @p<0.2: meet conditions for inclusion in multivariable multiple logistic regression 
analysis, significance p<0.05
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multiple logistic regression analysis after adjusting 
for age, T2DM duration, total cholesterol, and 
HDL cholesterol. Hypertensive T2DM subjects 
had a significantly greater tinnitus risk of 2.289 
times that of non-hypertensive T2DM subjects 
(aOR=2.289, 95% CI=1.015–5.163, p=0.046).

Discussion

Studies on tinnitus prevalence in T2DM have 
previously been conducted in many countries, 
but only a few studies have determined tinnitus 
prevalence and risk factors in community-
dwelling T2DM cases. More than half of our 
respondents (65.17%) had tinnitus (Table 1). In 
this study, both the prevalence and severity of 
tinnitus in T2DM subjects were more significant 
than in studies conducted in Iran and Malaysia, 
which found tinnitus prevalences of 26.4% 
and 9.1%, respectively.3,4 The differences in 
prevalences between our study and those of the 
Iranian and Malaysian studies may have been 
caused by the different demographic and clinical 
characteristics of the study subjects.

Our study results show that younger subjects 
aged <50 years had a 0.364 times significantly 
lower risk for tinnitus than older subjects aged 
≥50 years  (Table 2). The mechanisms that may 
explain the relationship between older age and 
the occurrence of tinnitus are still unclear to the 
present. Several studies confirm that tinnitus 
prevalence significantly increases with increasing 
age.5–7 Each increment in age by 10 years from 
the age of 45 years onwards raises the ORs to 
1.58, 2.84, and 3.24, respectively.5 In a general 
elderly population, 1 in 5 persons has tinnitus, in 
which participants with hearing impairment are 
twice as likely to have tinnitus.8 Tinnitus is not 
age-dependent, even in conjunction with the age-
dependent presence of hearing impairment.8

The National Health and Nutrition 

Examination Survey (NHANES) data show that 
an increment in hearing loss by one decibel 
increases the odds of tinnitus by 3% in younger 
persons but by 6% in older persons. NHANES 
indicated that aging could make individuals 
more vulnerable to developing tinnitus when 
hearing loss is present.19 Therefore, for a specific 
rise in hearing loss, older persons will report 
more tinnitus than younger persons.19 Because 
the underlying mechanisms remain unclear, it 
is suggested that hearing damage may accelerate 
brain aging, which may be the actual tinnitus 
factor.20

Unlike hearing impairment, tinnitus is 
probably not associated with aging processes. One 
possible explanation is that the pathophysiology 
of age-related hearing impairment is principally 
different from other types of hearing loss that are 
more likely to induce tinnitus.21 It is certain that 
tinnitus and hearing impairment in older people 
co-occur. Still, the age-related aspect of hearing 
impairment does not contribute to the association 
between hearing impairment and tinnitus.8

Our study results show that a T2DM duration 
of <8 years poses a 0.373 times significantly 
lower risk for tinnitus than a T2DM duration of 
≥8 years (Table 2). A longer duration of suffering 
from T2DM is associated with an increased 
hazard ratio at risk of moderate or high hearing 
loss in comparison with non-T2DM cases (pooled 
multivariable-adjusted hazard ratio [HR] 1.24 
[95% CI=1.10, 1.40]).22 Other studies by Mousavi 
et al.3  and Dhulipalla et al.9 showed an association 
between T2DM duration of more than ten years 
and tinnitus.

Among the hypotheses explaining the 
relationship between the duration of T2DM and 
tinnitus, one hypothesis is that T2DM generally 
occurs in persons of advanced age. The longer 
a person has T2DM, the older that person 
becomes. In addition, the presence of chronic 

Table 3	 Results of Multivariable Logistic Regression Analysis

Variables aOR 95% CI p

Age (years) 1.358 0.465–3.971 0.576
Type 2 diabetes mellitus duration (years) 1.990 0.844–4.696 0.116
Total cholesterol level (mg/dl) 0.543 0.248–1.189 0.127
High-density lipoprotein cholesterol level (mg/dl) 0.652 0.229–1.862 0.425
Hypertension 2.289 1.015–5.163 0.046*

Note: aOR: adjusted odds ratio, *significance p<0.05
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hyperglycemia leads to a higher probability of 
microangiopathy as a complication of T2DM.2 
The metabolism of the inner ear depends on 
the oxygen and glucose supply from the blood 
circulation. Alterations in glucose metabolism 
as a result of microangiopathy in the inner ear 
can disturb the function of the brain cells and 
the inner ear, which may contribute to tinnitus.2 
Degraded hearing may exacerbate this due to 
neurosensory impairments that increase with 
age.3 In one study, it was shown that tinnitus is 
not age-dependent, but that aging may render a 
person more vulnerable to developing tinnitus 
when hearing loss is present.8,19 The dependency 
between age and tinnitus may be due to T2DM 
duration because the longer the T2DM duration, 
the more severe the T2DM side effects.3

Our bivariate analysis determined that there 
was no significant relationship between lipid 
profiles in the groups with tinnitus and without 
tinnitus (Table 2). The development of tinnitus, 
hearing loss, and vertigo may be significantly 
influenced by high blood total cholesterol, LDL 
cholesterol, and triglyceride concentrations, 
causing blockage of the inner ear microcirculation 
by microthrombosis, increased blood viscosity, 
or altered vasomotion, ultimately resulting in 
reduced cochlear perfusion.10,23 Our results differ 
from those of Musleh et al.10 and Lee et al.11 
Musleh et al.10 showed that subjects with a high 
lipid profile had a statistically significant two-
fold risk for tinnitus (OR=2.2, p=0.024). Lee et 
al.11 found that the OR of tinnitus in subjects with 
hypertriglyceridemia was 1.27-fold that in subjects 
without hypertriglyceridemia after adjusting for 
age, sex, hypertension, diabetes, dyslipidemia, 
anemia, current smoking, obesity, noise exposure, 
stress cognition, and depressive mood or anxiety 
(95% CI=1.04–1.56, p=0.022). The differences 
between our study and the studies of Musleh 
et al.10 and Lee et al.11 may have been caused by 
the respondents' dietary patterns and lifestyles, 
which were not investigated in the present study. 
However, our study did not find differences in 
lipid levels (total cholesterol, triglyceride, HDL 
cholesterol, and LDL cholesterol) between the 
tinnitus and non-tinnitus groups (Table 1).

The multivariate analysis of our study showed 
that subjects with T2DM and hypertension 
have a 2.289 times greater risk for tinnitus than 
do subjects with T2DM without hypertension 
(aOR=2.289, 95% CI=1.015–5.163, p=0.046). 

Tinnitus may more frequently occur concurrently 
with auditory or systemic disorders such as T2DM 
and hypertension.3 The action of hypertension 
and T2DM on the auditory system may be 
explained by the assumption that high blood 
pressure and hyperglycemia increase blood 
viscosity, thereby increasing resistance to blood 
flow, thus depriving the tissues of oxygen.2,4 
The interference with inner ear functions may 
ultimately be caused by diabetes mellitus or 
hypertension manifesting as hyperviscosity or 
microangiopathy syndrome.25

The reported relationships of hypertension and 
diabetes with tinnitus have been controversial. 
In patients with hypertension, the probability of 
tinnitus increases (OR=1.46, 95% CI=1.25–1.70),26 
and the probability of hearing loss compared to 
patients without hypertension.12 T2DM subjects 
with one and ≥2 comorbidities had significant 
two-fold and three-fold greater odds of tinnitus 
(OR=2.03, 95% CI=1.70–2.43 and OR=3.24, 
95% CI=2.62–4.01, respectively) as compared 
with T2DM subjects without comorbidities.5 
These results are consistent with our study 
results; however, differing results were shown 
by NHANES and the Korea National Health and 
Nutrition Examination Survey (KNHANES),26,27 
showing that hypertension and diabetes mellitus 
did not increase the odds of frequent tinnitus. 
KNHANES analysis instead found that a history 
of hyperlipidemia was associated with tinnitus.27 
These contradictory study results indicate the 
need for prospective studies to investigate the 
abovementioned relationships.

In our study, the greater tinnitus prevalence in 
T2DM cases merits consideration because chronic 
tinnitus negatively impacts the quality of life of 
T2DM cases due to psychological or emotional 
effects, sleep disturbance, and auditory and 
health effects.14 Tinnitus should be considered a 
public health problem and should be included in 
the planning design at all levels of care, including 
primary care in the community setting. Auditory 
function disorders must be diagnosed much 
earlier so that timely intervention strategies may 
be instituted. Screening for hearing in T2DM is 
essential for successful prevention. It should 
be performed at least every 2 years or sooner 
if high-risk conditions exist, such as tinnitus 
perception and poor speech understanding.28 
Our study results confirm that in T2DM, there is 
a need not only for glycemic control to prevent 
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complications29 but also for screening of auditory 
functions because patients with T2DM are 
susceptible to tinnitus and hearing disorders. 
Impaired glucose metabolism and hypertension 
in patients with T2DM may cause microvascular 
complications in the inner ear, causing them to 
have more chances of hearing loss, tinnitus, and 
dizziness.2,5,30

Our study has several limitations such as (i) 
the cross-sectional study design that prevents the 
establishment of a cause-and-effect relationship 
between various factors and tinnitus; (ii) the 
Tinnitus Screener questionnaire that has not 
been validated for Indonesian patients and the 
fact that supporting examinations are still needed 
to confirm the diagnosis; (iii) the data on lipid 
and blood glucose levels that in the present study 
were obtained from medical records and are 
known to be affected by time-dependent variable 
dietary intakes.

Future large-scale prospective and 
longitudinal studies should clarify the link 
between lipid profiles, Hba1c, and tinnitus. The 
multi-causal contributing factors of tinnitus must 
still be studied in elderly people, presumably 
comprising otologic, metabolic, neurologic, 
psychological, and cardiovascular conditions, as 
well as medications.

Conclusions

Hypertension is the most influential risk factor 
for tinnitus in patients with T2DM. The high 
prevalence of tinnitus in T2DM shows the need 
for routine hearing screening to detect tinnitus 
as early as possible. Simultaneous blood pressure 
and glycemic control are necessary to minimize 
the risk of tinnitus, particularly in patients with 
T2DM and comorbid hypertension.
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Abstract

Promoting pro-environmental behavior is a significant concern nowadays. Researchers have identified social value 
orientation as one of the key factors influencing pro-environmental behavior. This study aims to investigate the 
influence of social value orientation on pro-environmental behavior and to highlight differences based on gender. 
The research method used is non-experimental quantitative causality. This research was carried out in 2024 at B 
University in Bandung. The study participants were 378 students from B University in Bandung, selected using 
convenience sampling. The measurement tools used were the Triple Dominance Scale by Van Lange (1998) to 
assess social value orientation (SVO) tendencies and the GEB Scale by Kaiser (2020) to measure general ecological 
behavior, i.e., the tendency to engage in pro-environmental or non-pro-environmental behavior. Data analysis 
was done using JASP version 19. The results showed a significant influence of social value orientation on pro-
environmental behavior with Fisher's exact test p=0.017 (p<0.05). An odds ratio of 0.084 was obtained, indicating 
that participants categorized as pro-social are 11.9 times more likely to engage in pro-environmental behavior than 
those classified as pro-self. Regarding gender differences, the chi-square test revealed no significant differences 
between males and females in terms of social value orientation tendencies with χ2=0.056 (p>0.05), as well as in 
terms of engaging in pro-environmental behavior, with χ2=0.774 (p>0.05). The conclusions of this study are that 
social value orientation affects pro-environmental behavior, and there was no significant difference between gender 
in social value orientation tendencies and pro-environmental behavior.
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Introduction

Promoting pro-environmental behavior is an 
essential concern nowadays, as environmental 
degradation poses a significant threat to the well-
being of our planet and its inhabitants.1 Individual 
involvement in embodying pro-environmental 
behavior is critical to addressing environmental 
challenges and ensuring our planet's and 
future generations' long-term health and well-
being. As future leaders and decision-makers, 
students play a crucial role in driving sustainable 
change.2 Researchers have identified social 
value orientation as a key factor influencing pro-
environmental behavior, and understanding this 
relationship is essential for developing effective 
interventions to encourage environmentally 
responsible action.3

Pro-environmental behavior (PEB) refers 
to actions and decisions intended to positively 

affect the natural environment, such as recycling, 
conserving energy resources, reducing waste, 
and supporting sustainable practices.4 Social 
value orientation (SVO) is an individual trait 
that receives significant attention in pro-social 
behavior research.5 SVO refers to how individuals 
prioritize their interests over others in social 
situations. This study investigates the influence 
of SVO on PEB. In addition, it aims to determine 
the difference in the orientation of social values 
based on gender and whether gender also affects 
PEB.

Several studies have shown that SVO 
influences PEB. For example, research 
consistently shows that individuals with a strong 
pro-social value orientation are more likely to 
engage in pro-environmental behaviors, such as 
recycling and conserving energy resources than 
those with a more selfish orientation.6 One study 
by Bhattacharya7 found that individuals with a 
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strong pro-social value orientation were more 
likely to engage in pro-environmental efforts. 
SVO refers to an individual's preference for the 
distribution of outcomes between themselves and 
others. It can be classified into three main types: 
pro-social, pro-self, and individualistic.8 Research 
has shown that individuals with a pro-social 
orientation, who value the well-being of others 
and the environment, are more likely to engage in 
pro-environmental behaviors, such as recycling, 
conserving energy, and supporting environmental 
policies.9,10 Pro-social individuals are motivated 
by altruistic values and a sense of responsibility 
towards the environment and society. Value-
belief norm theory suggests many variables 
can predict PEB, including SVO.11,12 Previous 
research has shown that attitudes towards pro-
environmental activities and subjective norms 
about these behaviors also play an essential role 
in predicting pro-environmental behaviors.13 
Individuals who prioritize pro-social values are 
more likely to have stronger pro-environmental 
beliefs and show a greater willingness to engage 
in a variety of pro-environmental behaviors 
compared to those who prioritize individual or 
selfish values.14 In addition, research has found 
a negative correlation between selfish values, 
traditional conservative values, and PEB.15,16 
Overall, research shows that SVO influences 
PEB.14

It was found that differences in social 
orientation values based on gender in the context 
of honesty research show that females are more 
pro-social than males.17 There is a similarity in 
some previous studies; in the context of helpful 
behavior research, they found that females are 
more pro-social than males.18,19 There is also 
a difference in PEB based on gender; females 
will be more pro-environmental than males. 
Supported by some previous studies, females 
were significantly more engaged in PEB.20,21 Based 
on the literature reviewed, it is clear that SVO 
substantially impacts PEB. There are differences 
in SVO and PEB based on gender. In this study, 
the researcher aims to examine the influence of 
social value orientation on pro-environmental 
behavior and explain differences based on gender 
in the context of the environment.

Methods

This study is a non-experimental quantitative 
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casualty research, which aims to determine the 
influence of one variable on other variables.22 
The sampling technique used was convenience 
sampling. This research was conducted from 
May 2024 to September 2024 at Bandung, B 
University. The target population of this study 
consists of active students enrolled in various 
study programs at B University. Participants were 
recruited by distributing a survey link presented 
as a Google Form. This form included informed 
consent and two measurement tools in the form 
of questionnaires: the three-dominance social 
value orientations, which assess individuals' SVO 
tendencies, and the General Ecological Behavior 
scale, which evaluates whether individuals tend 
to engage in pro-environmental or non-pro-
environmental behavior. The questionnaire 
collected demographic information such as age, 
gender, religion, ethnicity, and study program. 
The survey link was shared via social media 
groups and course groups at B University.

The participants were students from various 
study programs at B University in Bandung, 
totaling 378 people. Most participants were 
female (72%) and male (28%).

This study used two questionnaire-measuring 
tools: the Triple-dominance scale and the 
General Ecological Behavior measuring tools. 
A demographic questionnaire was also used to 
collect participant information, including gender, 
age, religion, ethnicity, and study program. SVO 
is measured by the Triple-dominance scale 
developed by Van Lange in 1997, which consists 
of 9 items, including three dominant social 
value orientations: pro-social, individualistic, 
and competitive. The SVO reliability using the 
Cronbach's alpha method is 0.883. Each item 
consists of 3 answer choices that represent the 
three dominant SVOs. Each participant was 
asked to choose the most appropriate answer for 
each item. This measuring tool has undergone 
an adaptation process using back translation 
techniques and expert judgment. An example 
item would be "participants choose between 
three options: (i) 500 points to themselves (I), 
500 points to others (You) (i.e. cooperative 
choice), (ii) 560 points to themselves, 300 points 
to others (i.e., individualistic choice), or (iii) 490 
points to themselves and 90 points to others (i.e., 
competitive choice)."

PEB was measured using the General 
Ecological Behavior (GEB) developed by Florian 
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G. Kaiser in German and English,23 which was 
then adapted into Indonesian with a reliability 
of 0.739 using the Cronbach's alpha method. The 
GEB scale is a reliable and valid tool for assessing 
an individual's commitment to PEB. It has been 
developed using the Rasch model to ascertain 
unidimensional and probabilistic measures 
of PEB.24 The GEB scale has been used in a 
variety of contexts, such as assessing adolescent 
environmental preferences, measuring 
environmental attitudes and behaviors in 
children, and capturing ecological lifestyles.25–27

The GEB scale has also been used in cross-
cultural applications, demonstrating its 
versatility and applicability in various cultural 
settings.28 Only 32 of the 50 GEB scale items 
are used for this study. It is intended to focus 
on more relevant and valid ecological behaviors, 
increasing its sensitivity and alignment with 
pro-environmental attitudes.29,30 The GEB scale 
has option answers ranging from 1 (never) to 5 
(always) and 0 (choosing not to answer). GEB-32 
has one example: "I am a vegetarian."

Data analysis was carried out with the help 
of the JASP version 19 program. JASP was 
used to analyze the descriptive demographics of 
participants, testing the influence of SVO on PEB 
and the influence of gender on SVO and PEB. The 
data from the measurement of SVO is categorical, 
consisting of the proself (coding: 1) and pro-
social (coding: 2) categories. The data from the 
measurement of the GEB scale is also in the form 
of categorical data, namely the pro-environmental 
(coding: 1) and non-pro-environmental (coding: 
2) categories. Because the data obtained from the 
two measuring tools is categorical (nominal), the 
statistical analysis techniques used are the chi-
square test and Fisher's exact test. In addition, 
an analysis of odd's ratio was also carried out 
to compare the relative chances of a specific 
outcome.

Results

Table 1 shows more female participants (72%) than 
males (28%). Most participants were 19 years old 
(38%), with the average age of participants being 
19.79 years and the standard deviation being 1.31. 
Most participants are Muslim (99%) compared to 
other religions. The most studied programs were 
psychology (63%) and Sundanese participants 
(78%), more than other ethnic groups.

Table 2 shows that participants are generally 
more likely to be oriented towards social pro-self 
values than pro-social, namely 245 people or 65% 
of participants. It indicates that in the context of 
social orientation values, more participants tend 
to be oriented towards their interests rather than 
the interests of others or the common good; in 
PEB, more participants are classified as non-pro-
environment compared to pro-environmental 
ones. This condition is also seen in the context of 
gender. Female participants, compared to males, 
were more pro-self and not pro-environmental.

Table 3 shows the results of the chi-square 
test χ2=0.056 (p>0.05), showing no significant 
difference in SVO based on gender. This means 
that gender does not influence the orientation of 
pro-self or pro-social social values.

Table 4 shows the result of Fisher’s exact 

Table 1	 Demographic Data

Characteristics n=378 (%)

Gender
Female
Male

273 (72)
105 (28)

Age (years)
<18
18
19
20
21
22
>22

6 (2)
45 (12)

143 (38)
92 (24)
49 (13)
28 (7)
15 (4)

Religion
Islam
Protestant
Catholic
Others

375 (99)
1 (0.3)
1 (0.3)
1 (0.3)

Major
Psychology
Faculty of Religion
Law
Economics and Business
Others (Mathematics 

and Natural Sciences, 
Engineering, Communication 
Sciences, and Medicine)

238 (63)
81 (21)
31 (8)
15 (4)
12 (3)

Ethnicity
Sundanese
Javanese
Others (Minang, Bugis and 

Batak)

296 (78)
54 (14)
28 (7)
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test p=0.578 (p>0.05), which means there is no 
gender difference in PEB. So, pro-environmental 
or non-pro-environmental behavior is not 
influenced by gender.

Table 5 shows that the majority of participants 
who are oriented towards pro-self social 
values show a tendency to behave non-pro-
environmentally. As many as 235 participants 
(95%) are self-oriented. The same results were also 
found in participants who were oriented towards 
pro-social social values, where all participants, or 
133 who were prosocially oriented, showed non-
pro-environmental behavior.

Table 6 shows the results of SVO proven to 
influence PEB significantly, p=0.017 (p<0.05). 
It means that the tendency of participants to 

Table 2	 Contingency

Gender
Social Environmental

Proself Pro-social Pro-
environmental

Non-pro-
environmental

Male Count
Expected count

169
176.944

104
96.056

8
7.222

265
265.778

Female Count
Expected count

76
68.056

29
36.944

2
2.778

103
102.222

Total Count
Expected count

245
245

133
133

10
10

368
368

Table 3	 Chi-square of Social Value 
Orientation based on Gender

Value df p

χ2 3.649 1 0.056
n 378

Table 4	 Fisher's Exact Test of Pro-
environmental Behavior based 
on Gender

Value df p

χ2 0.31 1 0.578
n 378

Table 5	 Contingency of Chi-Square for Social Value Orientation and  Pro-environmental 
Behavior

Non-pro-
environmental

Pro-
environmental Total

Proself Count
Expected count

235
238.519

10
6.481

245
245

Pro-social Count
Expected count

133
129.481

0
3.519

133
133

Total Count
Expected count

368
368

10
10

378
378

Table 6	 Fisher's Exact Test for Social Value Orientation Influence on  Pro-
environmental Behavior

Odds Ratio
95% CI

p
Lower Upper

Odds ratio 0.084 0.005 1.445
Fisher's exact test 0 0 0.805 0.017
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have an SVO has a meaningful influence on 
their propensity to behave pro-environmental or 
non-pro-environmental. The odds ratio value of 
0.084 (1/0.084=11.90) revealed that pro-social 
participants were 11.9 times more likely to behave 
pro-environmental than pro-self value-oriented 
participants.

Discussion

This study proves that SVO significantly affects 
PEB. There is a significant difference between 
individuals with a tendency to orient pro-social 
values and those with a tendency to orient pro-
social values in choosing non-pro and pro-
environmental behaviors. Individuals with a pro-
social value orientation were 11.9 times more likely 
to behave pro-environmental than individuals 
with a pro-self. Following previous research by 
Curtin and Jia,6 pro-social social values-oriented 
individuals are more likely to engage or tend to 
behave pro-environmentally. This is supported 
by the study of Bhattacharya7 and Zibenberg et 
al.,10 which states that individuals with a pro-
social value orientation are more likely to engage 
in PEB. According to the two previous studies, 
this condition occurs because people oriented to 
pro-social social values are motivated by altruistic 
values and a sense of responsibility towards the 
environment and society.

This study found no influence of gender on 
SVO or PEB. This finding differs from research 
conducted by Grosch and Rau,17 which states 
that females are more pro-social than males. 
Similarly, some research has found that females 
are significantly more likely to engage in PEB.20,21 
For further study, other determinants can be 
considered to improve PEB for individuals 
with an SVO of self, such as the demographics 
of participants who vary in age, religion, study 
program, university, and ethnicity.

The study had limitations. First is the use 
of self-report measuring tools, so there is a 
possibility of bias in the answers. Thus, additional 
data collection methods are needed using 
interviews or focus group discussions so that 
they can provide richer insights into the reasons 
behind the findings obtained. Second, this study 
only involves students at one university, so 
the following research study can include more 
universities and faculties so that the participants 
are more varied. Then, this study uses non-

probability sampling, so the recommendation 
for the following research is to use probabilistic 
sampling. Then, it is necessary to analyze the 
background of participants other than gender 
to provide interventions and make more specific 
policies.

Conclusion

This study's conclusions are that social value 
orientation affects pro-environmental behavior 
and that there is no significant difference between 
genders in social value orientation tendencies 
and pro-environmental behavior.
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Abstract

Autism spectrum disorder (ASD) is a complex neurodevelopmental disorder characterized by chronic deficits in 
social communication and interaction, with sensory processing abnormalities affecting over 90% of individuals 
across different sensory areas. This study investigated the combined effects of aripiprazole and behavioral therapy 
(BT) on core symptoms of ASD in children aged 6–10. Utilizing the considerable neuroplasticity still present at 
this age, we hypothesized that this combined approach might yield superior outcomes compared to BT alone. The 
12-week randomized, double-blind, placebo-controlled trial was conducted from February 2023 to January 2024 
at two sites of Child Development Centers in Bandung city, involving 51 participants (22 intervention, 29 placebo). 
The intervention group received aripiprazole and BT, while the placebo group received saccharum lactis and BT. 
Both groups underwent BT comprising applied behavioral analysis (ABA) and discrete trial training (DTT). The 
Childhood Autism Rating Scale (CARS) assessed treatment effects. The independent 2-sample t-tests and Mann-
Whitney tests showed no significant differences in overall CARS scores between groups. However, the analysis 
revealed significant improvements in three subcategories: VII (visual response, p=0.021), IX (taste-smell-touch 
response, p=0.035), and X (fear or nervousness, p=0.043). These findings suggest that the combined approach 
may enhance sensory processing and emotional regulation in children with ASD. The study highlights the potential 
benefits of a multimodal approach to ASD treatment, combining targeted pharmacological intervention with 
behavioral therapies. However, limitations such as study duration and sample size warrant further research to 
optimize treatment strategies for individuals across the autism spectrum.

Keywords:	 Aripiprazole, autism spectrum disorder, behavioral therapy, Childhood Autism Rating Scale, sensory 
processing
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Introduction

Autism spectrum disorder (ASD) is a complex 
neurodevelopmental condition characterized by 
persistent impairments in social communication 
and interaction, along with restricted and 
repetitive patterns of behaviors, interests, or 
activities.1 The global prevalence of ASD is 
estimated at 6 cases per 1,000 individuals in 
Southeast Asian countries, with a significant 
male predominance.2 Children with ASD often 
experience additional challenges, including 
aggressive behaviors, self-injurious behaviors, 

tantrums, and irritability.3

Diagnosis of ASD involves a multifaceted 
approach, incorporating behavioral observation, 
parental interviews, and standardized 
assessment tools, with updated criteria provided 
by the Diagnostic and Statistical Manual of 
Mental Disorders, Fifth Edition (DSM-5).1 
However, the heterogeneous presentation in 
ASD poses significant challenges in assessment 
and diagnosis. The Childhood Autism Rating 
Scale (CARS) is a widely utilized instrument for 
differentiating between mild-to-moderate and 
severe ASD in children aged two and above.4

Copyright @2024 by authors. This is an open access article under a Creative Commons Attribution-NonCommercial-ShareAlike 
4.0 International License (https://creativecommons.org/licenses/by-nc-sa/4.0).



Global Medical and Health Communication, Volume 12 Number 3, December 2024

250

Sensory processing abnormalities are a core 
feature of ASD, affecting over 90% of individuals 
across multiple sensory modalities (visual, 
auditory, tactile, gustatory, and olfactory).5 
These atypical sensory responses manifest as 
hypo-responsiveness, hyper-responsiveness, 
and sensory-seeking behaviors, with some 
researchers proposing an additional pattern of 
enhanced perception. These abnormalities can 
significantly impact daily functioning, academic 
performance, and social interactions. Studies 
using tools like the Sensory Processing Measure, 
Second Edition (SPM-2) have shown that 
children with ASD exhibit higher scores across all 
subscales, indicating worse sensory processing, 
praxis, and social participation in daily activities 
than typically developing peers.6,7

While behavioral interventions for ASD 
symptoms like hyperactivity and irritability exist, 
effective treatments for sensory abnormalities 
remain limited.8,9 Recent research has focused 
on aripiprazole, a novel antipsychotic with a 
unique pharmacodynamic profile.9 Aripiprazole 
acts as a partial agonist at dopamine D2 and 
serotonin 5-HT1A receptors and an antagonist 
at 5-HT2A receptors. FDA-approved for treating 
ASD-associated irritability in children aged 6–17, 
ongoing studies are evaluating its efficacy in 
managing sensory processing abnormalities in 
ASD.9 This research may provide new therapeutic 
options for addressing the complex sensory issues 
inherent to ASD.

As our understanding of sensory processing in 
ASD continues to evolve, it is crucial to develop 
targeted interventions and support strategies 
to enhance the overall functioning and quality 
of life for children with ASD. This study may 
provide insights into the efficacy of aripiprazole 
and behavioral therapy (BT) in managing the 
complex core symptoms associated with ASD.

Methods

This randomized, double-blind, fixed-dose, 
placebo-controlled study was conducted at two 
sites (Melinda 2 Child Developmental Center & 
Indigrow-Child Development Center) in Bandung 
city, Indonesia, between February 2023 and 
January 2024. The ethics committee approved 
the study from the Research Ethics Committee of 
Universitas Padjadjaran with letter number 988/
UN6/KEP/EC/2022.

Purboyo Solek et al.: Autism Spectrum Disorder: a Two-center Evaluation of Pharmacological Intervention and Behavioral 

The study focused on a group of outpatients 
between the ages of 6–10 who had been 
diagnosed with autistic disorder as their primary 
condition according to DSM-V criteria1 and had 
not previously undergone any pharmacological 
treatment. The study excluded participants who 
had been diagnosed with Asperger syndrome, 
pervasive developmental disorder-not otherwise 
specified, Rett syndrome, childhood disintegrative 
disorder, or intellectual disability.3

An experienced pediatric neurologist validated 
the diagnosis using the CARS Indonesian version 
(sensitivity of 85.2%, accuracy of 85.7%, and 
internal consistency of 0.819).10 CARS scores 
range from 15 to 60, with a 30 or above indicating 
autism.4 Following 12 weeks of medication and 
behavioral therapy, subjects underwent a repeat 
CARS assessment to evaluate treatment effects.

Eligible participants were randomly 
assigned using GraphPad randomizer software 
by Dotmatics, with results converted into 
sequentially numbered opaque sealed envelope 
(SNOSE) and further randomized by a third-party 
research assistant. Participants were divided 
into an intervention group (aripiprazole+BT) 
and a placebo group (saccharum lactis+BT). The 
intervention group received Abilify Discmelt® 
orally disintegrating tablets (10 mg, Otsuka 
Indonesia),11 while the placebo group received 
saccharum lactis powder (DFE Pharma GmbH & 
Co. KG, Germany).12 Both treatments were given 
in powder form, and the intervention dosage 
schedule was 10 mg/day (week 1), 5 mg/day 
(weeks 2–5), and 10 mg/day (weeks 6–12).

Alongside pharmacotherapy, participants 
underwent intensive BT comprising applied 
behavioral analysis (ABA) and discrete trial 
training (DTT) for 12 weeks (5 sessions/week, 60 
total, 75% minimum attendance).13 Each session 
comprised 50 minutes of therapy and 10 minutes 
of parent counseling conducted by certified 
therapists (>10 years experience). Following the 
initial assessment, therapists documented daily 
progress notes, monitored medication adherence, 
and facilitated parental logbook maintenance for 
outcome evaluation.

The data collected were analyzed using the 
Statistical Package for Social Sciences (SPSS) 
version 22 for Windows. Independent 2-sample 
t-tests were applied when the data followed a 
normal distribution, while the Mann-Whitney U 
test was used for non-normally distributed data. 
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These tests aimed to assess whether there was a 
significant improvement of core symptoms in ASD 
between the placebo and intervention groups, 
with a significance threshold set at p<0.05.

Results

This study included 51 participants (22 
intervention, 29 placebo) with similar mean 
ages (intervention: 6.82±0.39 years, placebo: 

6.60±0.37 years). Participants had diverse 
educational backgrounds and varied gender 
distribution (intervention: 18M/4F; placebo: 
18M/11F) as shown in Table 1.

Table 2 shows that baseline and final total 
CARS scores showed no significant differences 
between groups. However, further analysis in 
Table 3 revealed significant differences (p<0.05) 
in three CARS sub-categories after 12 weeks of 
treatment: VII (visual response), IX (taste, smell, 

Figure	 Participant Flow

Enrollment

Allocation

Follow-up

Analysis

12 weeks

All participants in both groups 
proceeded to the analysis 
phase

Enrolled
(n=127)

Did not meet criteria for inclusion (n=76)
-  Not meet ASD diagnosis (n=49)
-  Withdrawal of consent (n=27)

Randomly assigned to 
double-blind treatment

(n=51)

Placebo group (n=29)
Placebo+BT

Intervention group (n=22)
Aripiprazole+BT

Loss to follow-up
(n=0)

Loss to follow-up
(n=0)

Analyzed
(n=29)

Analyzed
(n=22)

Table 1	 Contingency of Chi-Square for Social Value Orientation and  Pro-environmental 
Behavior

Characteristics Placebo Group
n=29

Intervention Group 
n=22

Age (years)
Mean (SD) 6.60 (±0.37) 6.82 (±0.39)

Gender
Boys
Girls

18
11

18
4

School placement
General school
Special school
Homeschooling
Do not attend

7
6
2

14

13
4
0
5
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and touch response), and X (fear or nervousness). 
These findings suggest the treatment significantly 
impacted specific aspects of autism core 
symptoms in both groups.

Discussion

This comprehensive study investigates the 
combined effects of pharmacological treatment 
(specifically aripiprazole) and behavioral 
interventions on core symptoms of ASD, utilizing 
the CARS to assess various aspects of the 
disorder, including social/communication skills, 
stereotyped behavior, sensory abnormalities, and 
emotional regulation.4,10

While the overall CARS scores did not show 
statistically significant differences between 
groups at the 12-week intervention, a change of 
at least 4.5 points in CARS score is considered a 
benchmark for successful intervention. However, 
the clinical relevance of minimal changes can vary 

between individuals.14 A more detailed analysis 
revealed notable improvements in three specific 
CARS sub-categories: VII (visual response), IX 
(taste-smell-touch response), and X (fear or 
nervousness). These findings suggest potential 
advancements in sensory processing and 
emotional regulation, two domains frequently 
challenging for individuals with ASD.

Aripiprazole, a second-generation (atypical) 
antipsychotic, has been well-documented for 
its efficacy in reducing disruptive behaviors in 
individuals with ASD, leading to its FDA approval 
for treating irritability.15,16 A cohort study by 
Marcus et al.17 demonstrated that aripiprazole (2–
15 mg/day) over one year significantly reduced 
Aberrant Behavior Checklist-Irritability (ABC-I)
scores by −12.9 compared to −5 in the placebo 
group, with improvements observed as early as 
the first week at 2 mg/day. A retrospective study 
by Fung et al.18 found that aripiprazole improved 
sensory symptoms in autistic children and 

Table 2	 Clinical Measure of CARS

Clinical Measure Placebo Group 
n=29

Intervention Group 
n=22 p

Total score CARS (mean±SD)
Baseline
End of treatment

40.00 (±1.21)
35.00 (±1.32)

42.16 (±0.97)
37.62 (±0.88)

0.310
0.054

Note: t-test independent

Table 3	 Profile of CARS Sub-category at the End of Treatment

Sub-Category CARS (Mean±SD) Placebo Group 
n=29

Intervention Group 
n=22 p

CARS I (Relationship with people)
CARS II (Imitation)
CARS III (Emotional response)
CARS IV (Body use)
CARS V (Object use)
CARS VI (Adaptation to change)
CARS VII (Visual response)
CARS VIII (Auditory response)
CARS IX (Taste, smell, and touch response)
CARS X (Fear or nervousness)
CARS XI (Verbal communication)
CARS XII (Non-verbal communication)
CARS XIII (Activity level)
CARS XIV (Intellectual inconsistency)
CARS XV (General impression)

2.58 (±0.116)
2.53 (±0.124)
2.46 (±0.092)
2.39 (±0.091)
2.43 (±0.101)
2.39 (±0.10)
2.43 (±0.90)
2.17 (±0.090)
2.24 (±0.128)
2.39 (±0.094)
2.89 (±0.134)
2.60 (±0.109)
2.45 (±0.071)
2.72 (±0.130)
2.89 (±0.112)

2.29 (±0.121)
2.38 (±0.135)
2.25 (±0.108)
2.34 (±0.129)
2.23 (±0.138)
2.34 (±0.124)

2.7 (±0.10)
2.07 (±0.10)
1.91 (±0.153)
2.14 (±0.10)

2.86 (±0.128)
2.43 (±0.120)
2.32 (±0.101)
2.70 (±0.149)
2.66 (± 0.120)

0.137
0.582
0.182
0.574
0.196
0.720
0.021*

0.520
0.035*

0.043*

0.745
0.487
0.386
0.853
0.174

Note: Mann-Whitney U test, *significance p<0.05
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adolescents, particularly inattention, auditory 
processing, and visual input affecting emotional 
responses and activity levels.

The study underscores the potential 
advantages of a multimodal approach to ASD 
treatment, combining targeted pharmacological 
interventions with BT. Intensive behavioral 
intervention (IBI) alone showed substantial 
decreases in aggressive behavior but was 
more effective when paired with antipsychotic 
medication.19,20 Recent studies in mice have 
provided a neurobiological basis for these 
observations, showing that chronic administration 
of risperidone or aripiprazole improves social 
interaction deficits and recognition memory 
impairment, with reductions observed in 
dendritic spine density in the prefrontal cortex 
and hippocampus.21,22

Strong connections were found between 
sensory processing and communication 
abilities in ASD children, with overall sensory 
scores correlating positively with most 
communication skills. Interestingly, all patterns 
of sensory processing showed significant 
negative correlations with anxiety subsets in 
ASD children, suggesting that children with 
more pronounced sensory processing difficulties 
tended to experience lower levels of anxiety. Social 
relationship scores in ASD children correlated 
negatively with all anxiety subsets, implying that 
improving social relationships may help reduce 
anxiety and vice versa.23

ABA and DTT were identified as two of 27 
evidence-based practices for individuals with 
autism. The study suggests that BT for autism 
should target core symptoms, address co-
occurring issues, be adapted to the individual's 
cognitive and developmental level, incorporate 
visual supports and structured teaching, and focus 
on generalizing skills to natural environments.24

The prognosis for individuals with ASD is 
influenced by several factors, including the 
child's age when therapy is first given, the 
intensity of therapy, therapy techniques, parental 
involvement, and the child's characteristics 
(such as intelligence level, language capacity, 
and behavioral problems). Early intervention 
has significantly improved in several domains, 
including communication, social-emotional 
functioning, adaptive behavior, and physical 
development.25

Early IBI is recommended for preschool 

to early school children with autism, with a 
minimum of 20–40 hours per week.8 Behavioral 
therapy for children with ASD should be tailored 
to different developmental stages throughout 
life. In early childhood, interventions focus on 
language acquisition, play skills, joint attention, 
and effective communication strategies 
through intensive behavioral and educational 
interventions, especially ABA. During childhood 
and middle adolescence, the focus shifts to 
continuing skill development, including social 
skills, peer relationships, and maximizing 
academic support. For older adolescents 
and young adults, developing vocational and 
adaptive life skills becomes crucial to maximize 
opportunities for independence and support the 
transition as caregivers age.26

Despite its promising findings, the study 
has several limitations, including suboptimal 
duration of behavioral therapy, variations in 
subject compliance and parental involvement, 
the influence of underlying medical conditions 
on treatment adherence, genetic variations 
affecting treatment responses, relatively short 
study duration, potentially limited sample size, 
and lack of control for concurrent interventions. 
These limitations highlight the complex nature of 
ASD treatment and the need for individualized 
approaches.

Future research should focus on elucidating 
underlying processes, developing integrated 
therapies for sensory processing difficulties, 
communication challenges, and anxiety in ASD, 
optimizing BT for individuals across the autism 
spectrum, evaluating long-term outcomes, 
and combining BT with other evidence-based 
practices. This comprehensive approach to 
ASD treatment, combining pharmacological 
interventions with behavioral therapies, holds 
promise for addressing both behavioral and 
sensory symptoms in ASD, potentially leading 
to more effective and personalized treatment 
strategies.

Understanding the nuanced relationships 
between cognitive functioning and sensory 
processing in ASD is essential for developing 
targeted and individualized interventions. By 
considering cognitive abilities and sensory 
processing when developing support strategies, 
clinicians can create more effective treatments 
that address specific sensory challenges based on 
an individual's cognitive profile.27 This approach 
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has the potential to significantly improve the 
quality of life for those on the autism spectrum 
across different developmental stages and 
cognitive levels.

Conclusions

In conclusion, combined pharmacological and 
behavioral therapy effectively reduced core 
symptom complexity in children with ASD. 
Significant improvements in total CARS scores, 
especially in subcategories VII (visual response), 
IX (taste, smell, and touch response), and X 
(fear or nervousness), indicate enhanced sensory 
processing and emotional regulation. These early 
positive changes suggest this combined approach 
is a promising treatment strategy, potentially 
improving overall functioning and quality of life 
for children with ASD.
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Abstract

Biliary atresia represents one of the most prevalent etiologies for neonatal cholestasis. Unmanaged biliary atresia 
can be fatal. Ultrasonography is the primary diagnostic test because it's accurate, cost-effective, and available. 
Various ultrasound findings can assist in diagnosing biliary atresia; the length-to-width ratio of the gallbladder is a 
particularly advantageous method, offering a short examination time, objectivity, and ease of use, with an accuracy 
rate of 78.9%. In cases with unconventional ultrasound findings, gamma-glutamyl transferase is believed to be able 
to complete the diagnostic process with an accuracy rate of up to 80%. The optimal cut-off value differs between 
studies, making it challenging to use as a benchmark for biliary atresia detection. In this study, researchers aim 
to further investigate the relationship between length-to-width ratio and gamma-glutamyl transferase in cases of 
biliary atresia, compared to the liver biopsy results in these patients and the optimal cut-off. This study employed 
an observational analytic approach with a retrospective design. The sample population consisted of all patients 
with neonatal cholestasis who underwent laboratory and ultrasonographic examinations at Dr. Soetomo Academic 
General Hospital Surabaya between 2019 and 2023. The study population comprised 82 patients. A significant 
relationship (p-value<0.001) was observed between the length-to-width ratio of the gallbladder and biliary atresia, 
as well as between gamma-glutamyl transferase and biliary atresia (area under the curve: 0.7–0.8). However, the 
analysis between the length-to-width ratio of the gallbladder and the value of gamma-glutamyl transferase showed 
p-value=0.066, which means no significant relationship was observed between the length-to-width ratio and 
gamma-glutamyl transferase.
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Introduction

The reported incidence of biliary atresia 
worldwide varies from 1 in 8,000 to 19,000 live 
births, with females outnumbering males (1.4:1), 
with the highest incidence in East Asia. The reason 
for this high incidence remains unexplained. 
While epidemiological data on biliary atresia 
in Indonesia is not yet widely available, it 
is the most common cause of obstructive 
cholestasis identified in the first three months 
of life. Furthermore, in advanced stages, it can 
contribute to neonatal mortality. Consequently, 
biliary atresia is often considered physiological 
neonatal jaundice in its early phase.1–3

The diagnosis of biliary atresia is often based 
on clinical judgment, as there is no specific 
examination. Laboratory and imaging findings 

frequently overlap with other etiologies of 
cholestasis. In selecting imaging modalities, 
some studies state that ultrasonography (USG) is 
the modality of choice to diagnose biliary atresia 
and the most common non-invasive examination 
performed in preparation for further action.4,5

A study conducted in China obtained a 
comparison of triangular cord signs with 
gallbladder classification in biliary atresia patients; 
the accuracy of gallbladder classification was 10% 
higher when compared to triangular cord signs. 
Meanwhile, using the gallbladder's length-to-
width ratio (LTWR), a high diagnostic value was 
obtained with an area under the curve of 0.844.6 
In contrast to the previous study conducted at Dr. 
Soetomo Academic General Hospital, there was 
no significant relationship between gallbladder 
wall echogenicity or gallbladder contractility on 

Copyright @2024 by authors. This is an open access article under a Creative Commons Attribution-NonCommercial-ShareAlike 
4.0 International License (https://creativecommons.org/licenses/by-nc-sa/4.0).



Global Medical and Health Communication, Volume 12 Number 3, December 2024

257

liver biopsy results.7

Several studies have been conducted to detect 
biliary atresia early, but many aspects still need to 
be studied. In practice, ultrasound examination 
in children requires conducive conditions and a 
short implementation time. A multidisciplinary 
approach is expected to make the diagnosis more 
accurate.8

Another indicator often used is the gamma-
glutamyl transferase (GGT) value, which is 
believed to significantly improve the accuracy of 
biliary atresia diagnosis. In a previous study, a 
sensitivity of 85% with a specificity of 88% was 
obtained,9 and in another study, the sensitivity 
was 86.7% and specificity 65%.10 However, the 
optimal cut-off value differed from each study, 
making it difficult to adapt as a benchmark for 
early detection of biliary atresia.

Limited literature explicitly mentions the 
relationship between gallbladder LTWR and 
GGT values in patients with biliary atresia. The 
researcher is interested in continuing research 
on this relationship, which will be compared with 
the liver biopsy results in these patients.

This analysis is expected to provide new 
insights into the correlation of LTWR and 
GGT values in patients with biliary atresia. 
Additionally, it furnishes data regarding the 
newly established cut-off value of length and the 
length-to-width ratio for biliary atresia. With a 
better understanding of this relationship, early 
detection can be done appropriately so that the 
treatment and management of patients with 
biliary atresia can be further improved and more 
effective radiology services can be provided. This 
study aims to investigate further the relationship 
between length-to-width ratio and gamma-
glutamyl transferase in cases of biliary atresia, 
comparing the liver biopsy results in these 
patients and the optimal cut-off.

Methods

This study was an observational analytic study with 
a retrospective approach. The sample population 
consisted of patients with neonatal cholestasis 
who underwent laboratory and ultrasound 
examinations at Dr. Soetomo Academic General 
Hospital Surabaya. The Health Research Ethics 
Committee of Dr. Soetomo Academic General 
Hospital has approved the procedure with a 
letter of exemption registration number 1670/

Ryan Elmanar et al.: Correlation between Length-to-width Ratio of Gallbladder and Gamma-glutamyl Transferase Value

LOE/301.4.2/V/2024. Data were collected from 
all patients diagnosed with cholestasis based on 
clinical patients who had undergone laboratory 
examination, ultrasonography, and liver biopsy 
from January 2019 to December 2023 with 
accessible medical record data. Laboratory 
results must have a difference of less than 30 days 
from the ultrasound examination to reduce the 
bias factor in this study. The final diagnosis was 
obtained from histopathological results or final 
diagnosis data based on clinician agreement seen 
from medical record data.

Researchers identified patients with 
neonatal cholestasis who had undergone 
ultrasound examination and then re-evaluated 
the ultrasound findings by researchers under 
the supervision and guidance of 2 pediatric 
radiology consultants and compared them with 
laboratory and histopathological results of liver 
biopsy from medical record data. The inter-
observer agreement was evaluated with Cohen's 
kappa coefficient test, with a significance level 
of p<0.05. An agreement value of 0.8–0.9 was 
obtained. Subsequently, the between variables 
were compared to identify the significance value. 
The results were considered significant if the 
p-value was <0.05 with a 95% confidence interval 
(CI). The data were analyzed using SPSS 23 
statistical software.

The data obtained were then analyzed and 
presented as research results. The cut-off used 
in this study, LTWR >5.2 and GGT value >188, 
follows the prior study conducted by Wang et 
al.6 and Zhou and Zhou11 in China. Relevant 
guidelines and regulations are carried out in all 
methods.

Results

The sample was 82 patients, with 49 males 
(59.8%) and 33 females (38.4%). The final 
diagnosis of biliary atresia was more prevalent 
in males, with 23 males (56.1%) and 18 females 
(43.9%). The age group of ≤30 days represented 
the smallest sample size, comprising only two 
individuals (2.4%), whereas the age group of 
≥121 days had the largest sample size, with 28 
individuals (34.2%). The age group of ≥121 days 
also had the highest prevalence of biliary atresia, 
accounting for 39% of the cases. The distribution 
of samples according to age group is presented in 
Table 1.
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Length-to-width ratio (LTWR) data were 
obtained from the results of reviewing the 
abdominal ultrasonography results performed by 
researchers under the supervision of 2 pediatric 
consultant radiology specialists with the results 
of the agreement test (kappa) on significant 
gallbladder length-to-width ratio data with a 
strength >0.9 and abnormal data distribution 
so that the data characteristics were grouped by 
median (4.34), minimum (1.17) and maximum 
(21.31). Gamma-glutamyl transferase (GGT) 
data was obtained from medical records with 

abnormal data distribution results, so the data 
characteristics are grouped by median (369.55), 
minimum (12.8), and maximum (3,964.20). Data 
on LTWR and GGT is presented in Table 2.

Data analysis was performed by examining 
the relationship of each variable to biliary atresia, 
calculations using 95% confidence intervals and 
p-values were considered significant if p<0.05, 
LTWR and GGT have a p-value<0.001 which 
means there is a very substantial relationship with 
biliary atresia. Then, the ROC curve was made, 
the area under the curve was measured, and the 

Table 1	 Age Distribution

Range of Age (Days)
Diagnosis

Total
n=82 (%)Biliary Atresia

n=41 (%)
Non-biliary Atresia

n=41 (%)

≤30
31–60
61–90
91–120
≥121

0 (0)
8 (19.5)
11 (26.9)
6 (14.6)

16 (39.0)

2 (4.9)
10 (24.4)
12 (29.2)
5 (12.2)

12 (29.3)

2 (2.4)
18 (22.0)
23 (28.0)
11 (13.4)
28 (34.2)

Table 2	 LTWR and GGT Data

Abnormality Median Minimum Maximum

LTWR
GGT

<0.05
<0.05

4.345
369.550

1.17
12.80

21.31
3,964.20

Figure 1	 ROC Curve

Source of the 
Curve

GGT
LTWR
Reference Line

Specificity
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study cut off with a 95% confidence interval, as 
presented in Figure 1. The cut-off value of length 
to width ratio of gallbladder was >4.75, and the 
cut-off value of GGT was >390.

Table 3 illustrates that diagnostic tests 
conducted for the two variables, compared with 
histopathological results, demonstrated that 
LTWR of the gallbladder exhibited the highest 
accuracy among the variables, at 78.04%. Upon 
applying the research cut-off (>4.75), this 
accuracy value increased to 80.48%.

The results of the analysis of the relationship 
between the gallbladder's LTWR and the value of 
GGT in biliary atresia showed a value of p=0.066 
(p>0.05) with a correlation coefficient of 0.204, 
which means there is no significant relationship 
between the LTWR and the value of GGT (Table 4).

Discussion

Females are more common in cases of biliary 
atresia, and in this study, biliary atresia data were 
more dominant in men (56.1%) than in women 
(43.9%). This aligns with previous research 
conducted at Dr. Soetomo Academic General 
Hospital, where there was more male sample 
than female.7 However, the previous literature 
did not explain the relationship between gender 
and biliary atresia. Epidemiologically, biliary 
atresia can be found in both males and females, 
with a probability percentage that is not very 
different. Still, sometimes, there is a gap in the 
prevalence of men and women; in general, of all 
congenital abnormalities that have been reported, 
men dominate the majority. In biliary atresia, 

Table 3	 AUC between Literature and This Study Cut-off

AUC Significance Literature Cut-off Study Cut-off 

LTWR
GGT

0.735
0.761

<0.001
<0.001

≥5.2
>188

>4.75
>390

Table 4	 Diagnostic Performance of LTWR and GGT in the Determination of Biliary 
Atresia

Sensitivity Specificity PPV NPV Accuracy OR

LTWR ≥5.2
LTWR >4.75
GGT >188
GGT >390

60.97%
68.29%
85.36%
70.73%

95.12%
92.68%
51.22%
78.04%

92.59%
90.32%
63.63%
76.31%

70.90%
74.51%
77.77%
72.72%

78.04%
80.48%
68.29%
74.39%

30.469
27.282

6.125
8.593

Figure 2	 Gallbladder LTWR Measurement Example

Ryan Elmanar et al.: Correlation between Length-to-width Ratio of Gallbladder and Gamma-glutamyl Transferase Value
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the opposite is true. There is a theory that biliary 
atresia is an immune-mediated disease, as the 
frequency of human leukocyte antigen (HLA) B12 
in atresia patients increases compared to cases. 
Epidemiologically, women are more likely to 
develop immune-mediated conditions compared 
to men.12,13

This study divides age into five age range 
groups, namely ≤30 days, 31–60 days, 61–90 
days, 91–120 days, and ≥120 days. Most samples 
were in the age range ≥120 days, with 28 patients 
divided into 16 biliary atresia diagnoses and 
12 non-biliary atresia diagnoses. This could 
be due to low awareness of biliary atresia and 
early diagnosis that cannot be done in primary 
health facilities. Therefore, referred patients 
to Dr. Soetomo Academic General Hospital 
are advanced patients. It is recommended that 
patients with suspicion of biliary atresia should 
be diagnosed at the age of <60 days because the 
age of recommendation for determining operative 
action in patients with biliary atresia is optimal 
in the age range of <60–90 days. This limitation 
is related to the success rate of post-treatment 
in biliary atresia cases. If there are findings that 
lead to cirrhosis, then operative action should 
ideally be carried out in the age range of 30–60 
days; supporting examinations have a role in 
helping to establish a definitive diagnosis so that 
the principle of early diagnosis enforcement is 
prioritized.3,5,14

Abdominal ultrasound examinations routinely 
performed on neonatal cholestasis patients at 
Dr. Soetomo Academic General Hospital include 
triangular cord sign, subcapsular hepatic flow, 
and the ratio of the diameter of the hepatic artery 
to the portal vein, but in this study, the researchers 
added the variable length to width ratio of the 
gallbladder. The data processing results are 
presented alongside the results of the LTWR of 
the gallbladder, which was found to have a highly 
significant relationship (p<0.001) with biliary 
atresia. The above findings are similar to research 
conducted by Choochuen et al.,15 showing the 
highest sensitivity in the length-to-width ratio of 
the gallbladder (71.7%) and the highest specificity 
in the triangular cord sign (95.9%). Other studies 
conducted by Zhang et al.8 showed the superiority 
of the length-to-width ratio of the gallbladder. 
Although there is a slight difference in the results 
of data analysis, this can be caused by differences 
in the age distribution of the sample and the 

length-to-width ratio measurement technique. 
This study measured the outer to outer wall, as 
shown in Figure 2. In contrast, in Choochuen et 
al.,15 measurements were made on the inner to 
inner wall.

LTWR of the gallbladder also offers a higher 
specificity value when compared to the triangular 
cord sign examination, so the researchers feel that 
at least LTWR of the gallbladder can complement 
the shortcomings of the triangular cord sign in 
the early detection of patients with suspected 
biliary atresia.

The literature agrees with a cut-off value for 
gallbladder LTWR of >5.2.6,11 However, the 
researchers redetermined with a new cut-off result 
of >4.75. As shown in Table 4, there is an increase 
in sensitivity (68.29%) and negative predictive 
value (74.51%), which causes an increase in 
accuracy by 2%. Similar research by Zhang et 
al.8 also redetermined the cut-off value with a 
sensitivity value (78.9%) and specificity (66.7%). 
The appearance of different cut-off values in this 
study can be caused by the process of ultrasound 
examination at Dr. Soetomo Academic General 
Hospital running simultaneously with other 
non-biliary atresia patients, so there is likely an 
additional fasting period of patients in this study 
with patients in other studies.8,15

This study analyzed the relationship between 
GGT in biliary atresia using a cut-off of >188 with 
sensitivity (85.36%), specificity (51.22%), PPV 
(63.63%), NPV (77.77%) and accuracy of 68.29% 
then recalculated the GGT cut-off with results 
>390, this recalculation caused an increase in 
specificity (78.04%) and positive predictive 
value (76.31%) which resulted in an increase in 
accuracy by 6% (74.39%).

The discrepancy in these findings may be 
attributed to variations in the demographic 
composition of the study sample relative to other 
studies. The current study's sample population 
was predominantly comprised of individuals 
within the age range of ≥121 days. In contrast, 
other studies conducted by Wang et al.6 utilized 
a sample population within the age range of 
<30 days. In a survey conducted by Sun et al.,9 

1,273 children were included in the analysis. The 
researchers utilized a cut-off value of >300 for 
biliary atresia patients. Despite discrepancies in 
the selected cut-off values, the diagnostic efficacy 
of GGT on the receiver operating characteristic 
(ROC) curve exhibited a comparable AUC value 
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range of 0.7-0.8, consistent with this study's 
findings.

The results of the data analysis indicate that 
there is no statistically significant correlation 
between the gallbladder's LTWR and GGT 
value. This finding suggests that an increase in 
LTWR does not necessarily correspond with a 
proportional increase or decrease in GGT.

GGT is agreed to be one of the potential 
diagnostic parameters for biliary atresia and 
suspicion of hepatotoxic conditions associated 
with liver injury and oxidative stress.16 However, 
like other biomarkers, the value of GGT can be 
influenced by various circumstances, for example, 
the age range,17,18 because in this study, the age of 
the sample was dominated in the age range >121 
days, while in the studies conducted by Zhang et 
al.8 the age of the sample was in the age range 
that had a significant relationship was the age 
group 31–90 days. As for the older age group 
in this study, it could be accompanied by the 
possibility of using ursodeoxycholic acid (UDCA), 
commonly applied to neonatal cholestasis 
patients.17 Meanwhile, the researchers found that 
ultrasonographic findings were relatively more 
consistent when administering oral therapy. The 
diagnostic performance of LTWR and GGT value 
as single variables in assessing biliary atresia 
was statistically significant.19,20 The combined 
use of biomarkers and ultrasound findings, 
especially LTWR and triangular cord signs, will 
undoubtedly increase the success rate in early 
diagnosis of biliary atresia.21

Additional research should be conducted 
using a prospective approach and a larger number 
of patients to obtain a more representative 
correlation. Further research could be carried out 
using age range group variables to ascertain the 
nature of the relationship between variables in 
greater detail. An additional avenue for research 
would be to employ a mixed methods approach, 
with agreed protocols and a multidisciplinary 
team, to obtain more representative samples and 
more homogeneous data.

Conclusions

In this study, the gallbladder's LTWR has no 
significant relationship with the value of GGT, 
and the cut-off value has been recalculated to 
enhance the precision of each variable.
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