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Nanofibrous Scaffolds Functionalized with Serine for Dentin Mineralization: 
A Characterization Study
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 ABSTRACT

OBJECTIVE  Dentin repair and regeneration pose significant challenges 
in restorative dentistry due to its hierarchical structure and susceptibility 
to demineralization. Traditional approaches often fail to restore the natural 
architecture and functionality of dentin. The aim of this study was to develop 
and characterize a biomimetic polycaprolactone (PCL)/nanohydroxyapatite 
(nHA)/serine (Ser) scaffold to enhance dental mineralization and support 
tissue regeneration. The inclusion of serine, known for its ability to bind 
calcium and phosphate ions and guide hydroxyapatite crystal formation, 
could enhance nucleation and cell attachment, making the scaffold a 
promising biomaterial for dentin repair.

METHODS  Nanofibrous scaffolds were fabricated using PCL, nHA, and 
Ser by the electrospinning method. The structural and functional properties 
of the scaffold were characterized through scanning electron microscopy  
(SEM), energy-dispersive x-ray spectroscopy (EDX), x-ray diffraction 
(XRD), and fourier transform infrared spectroscopy (FTIR). SEM and EDX 
were used to evaluate the morphology, porosity, and elemental compo-
sition. XRD analyzed the crystalline and amorphous phases, while FTIR 
analyzed chemical interactions among the components.

RESULTS SEM analysis revealed a uniform fibrous structure with inter-
connected porosity, mimicking the extracellular matrix. EDX confirmed 
the successful incorporation of calcium and phosphorus, indicating the 
presence of nHA. XRD analysis demonstrated a combination of crystal-
line and amorphous phases, highlighting the scaffold’s structural stability 
and bioactivity. FTIR spectroscopy identified characteristic peaks corre-
sponding to PCL, nHA, and Ser, validating their successful integration and 
interaction within the scaffold matrix. 

CONCLUSIONS The nanofibrous scaffold exhibited structural and com-
positional properties, confirming the presence of PCL, nHA and Ser. The 
properties analyzed support its potential for biomineralization and tissue 
regeneration. The inclusion of Ser could enhance hydroxyapatite nuclea-
tion and cell attachment, making the scaffold a promising biomaterial for 
dentin repair. Further in-vitro and in-vivo studies are recommended to 
validate its clinical application.  

 KEYWORDS  biomineralization, dentin regeneration, nanohydroxyapa-
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INTRODUCTION
Dentin repair and regeneration remain persis-

tent challenges in restorative dentistry due to its 
intricate hierarchical structure and susceptibility  
to demineralization. Conditions such as dental 
caries and erosion compromise the mechanical 
integrity of dentin, leaving it vulnerable to struc-
tural failure. While conventional restorative ap-
proaches such as dental fillings address these 
issues temporarily, they often fail to restore the 
natural functionality and microarchitecture of 
dentin. These limitations highlight the need for 
biomimetic strategies that replicate the biologi-
cal processes underlying dentin formation and  
repair (1, 2). Dentin presents a greater challenge 
for remineralization than enamel due to its elevated  
organic composition (3). This challenge is largely  
attributed to the widely accepted notion that 
dentin remineralization does not proceed through 
spontaneous mineral precipitation or nucleation  
on its predominantly type I collagen organic matrix.  
Rather, it relies on the growth of existing crystals  
within the damaged regions (4, 5). Biomineraliza- 
tion, the biological process by which minerals are  
deposited onto organic scaffolds, governs dentin  
formation and repair. Central to this process 
is the interaction between collagen fibrils and 
non-collagenous proteins (NCPs). NCPs, such as  
dentin phosphoprotein (DPP), dentin matrix pro-
tein 1 (DMP1), and osteopontin, categorized as  
NCPs, actively regulate mineralization by drawing  
in calcium and phosphate ions and stabilizing  
amorphous calcium phosphate (ACP) precursors. 
These proteins guide the transformation of ACP 
into crystalline hydroxyapatite, forming an or-
ganized mineralized structure within the collagen 
matrix. Mutations or deficiencies in NCPs often 
result in impaired dentin mineralization, under-
scoring their critical role in this process (6, 7).

Amino acids, particularly serine (Ser), play a 
pivotal role in mimicking the functions of NCPs. 
Ser, a polar amino acid, facilitates hydroxyapatite 
nucleation by electrostatically binding calcium 
and phosphate ions, creating localized supersat-
uration conditions that are essential for mineral 
formation. Furthermore, Ser adsorbs onto mineral  
surfaces, influencing crystal morphology and 
growth patterns. These interactions are critical  
for achieving the structural and mechanical 
properties of natural dentin, making Ser an ideal  

candidate for incorporation into biomimetic 
scaffolds (6).

Electrospun nanofibrous scaffolds have 
emerged as promising biomaterials for replicating  
the extracellular matrix in dentin regeneration. 
These scaffolds provide high surface area, inter- 
connected porosity, and mechanical flexibility, 
facilitating cell adhesion, proliferation, and bio- 
mineralization. Polycaprolactone (PCL), a biode- 
gradable polymer, is widely used in scaffold  
fabrication due to its mechanical resilience and 
compatibility with bioactive agents. However, 
PCL exhibits hydrophobic properties. In contrast, 
materials like hydroxyapatite and calcium phos-
phate, known for their hydrophilicity, can be 
blended with PCL to produce electrospun com-
posite fibers. HA, being both hydrophilic and  
osteoconductive, offers advantages over PCL alone. 
Incorporating nanohydroxyapatite (nHA) into 
PCL fibers can enhance their overall properties 
compared to using PCL fibers on their own (8).  
Hydroxyapatite is limited in its application for 
load-bearing purposes due to its poor biome-
chanical properties, including brittleness, low 
fatigue strength, and lack of flexibility (9). Con-
sequently, increasing attention has been directed  
towards developing hydroxyapatite  particles in 
various shapes and sizes and embedding them 
within biodegradable polymer frameworks (10).
The integration of bioactive ceramics with de-
gradable polymers to construct highly porous 3D 
scaffolds has proven to be an innovative method 
for creating composite systems tailored to bone 
tissue engineering (11). The incorporation of nHA 
further augments the biomineralization potential 
of these scaffolds. With its structural and com-
positional similarity to the inorganic phase of 
dentin, nHA enhances the bioactivity of scaffolds 
by releasing calcium and phosphate ions, pro-
moting mineral deposition. Functionalization of 
PCL scaffolds with Ser enhances their capacity 
to emulate natural biomineralization processes, 
making them highly effective for regenerative 
dental applications (2, 12). The synergistic com-
bination of PCL, nHA, and Ser provides a robust 
platform for creating scaffolds that mimic native 
dentin environments and support effective tissue 
repair (13). 

This study investigates the development and 
characterization of a Ser-incorporated nanofibrous 
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scaffold designed to enhance dentin mineraliza- 
tion. This research aims to contribute to the 
growing field of biomimetic scaffolds for dental 
tissue engineering by offering insights into their 
potential applications for regenerative therapies. 
In our previous work, glutamic acid-loaded PCL 
nanofibrous scaffolds were shown to promote 
controlled calcium phosphate nucleation and 
dentin mineralization, suggesting that amino acid 
modification could enhance the regenerative  
potential of synthetic scaffolds (14). The aim of the 
study was to develop and characterize a biomi-
metic PCL/nHA/Ser scaffold which can poten-
tially enhance dental mineralization and support 
tissue regeneration. The objectives were to eval-
uate the structural, compositional and elemental  
analysis using scanning electron microscopy 
(SEM), energy-dispersive X-ray spectroscopy 
(EDX), fourier transform infrared spectroscopy 
(FTIR), and x-ray diffraction (XRD).

METHODS
 Materials

PCL (molecular weight: 80,000), nHA 200 nm 
were procured from Sigma-Aldrich (Bangalore, 
India) and Ser were obtained from Southern India  
Scientific Corporation (Chennai, India). Dimethyl- 
formamide (DMF), chloroform (CHCl3) and 1% 
antibacterial-antifungal solutions, purchased 
from HiMedia Laboratories (Thane, India), were 
used as solvents for scaffold preparation. All the 
chemicals utilized in this study were of analytical 
grade and employed directly without undergoing 
any additional purification processes.

Scaffold fabrication
Ser was incorporated into the scaffold by dis-

solving 2 wt% Ser in water and adding it to the 
PCL/nHA solution, followed by stirring for an  
additional 12 hours to ensure uniformity. The 
concentration of 2 wt% Ser was selected based 
on previous studies that demonstrated effective 
ion binding and bioactivity at low amino acid 
loading, without compromising fiber integrity or 
electrospinning efficiency (15).

Electrospinning was carried out using a Holmarc 
Opto-Mechatronics electrospinning apparatus 
(Model: HO-NFES-040). The polymer solution 
was loaded into a syringe fitted with a metallic 
needle, and the process was optimized with the 
following parameters: a flow rate of 500 μL/h, an 

applied voltage of 10-15 kV, and a needle-to-col-
lector distance of 7.5 cm.  Aluminum foil was used 
to cover the collector plate, which was grounded  
to collect the nanofibers. The electrospinning 
process was conducted at room temperature for 
3 hours. After the fibers were collected, the scaf-
folds were dried under vacuum in a desiccator 
overnight to remove residual solvents and ensure 
complete solvent evaporation. PCL and PCL/
nHA scaffolds were fabricated as described above 
and were utilized as controls for this new inves-
tigation (16). The structural and compositional 
analysis of these scaffolds provided a compara-
tive baseline to evaluate the performance of the 
newly developed PCL/nHA/Ser scaffold. These 
results establish the structural and composition-
al properties of the PCL and PCL/nHA scaffolds 
as reliable controls for assessing the enhanced 
functionality and biomineralization potential of 
the PCL/nHA/Ser scaffolds.

Characterization
SEM
The surface characteristics of the electrospun  

scaffolds were examined through SEM (JSM 
IT800, JEOL Ltd., Tokyo, Japan). The scaffolds 
were cut into small sections and attached to alu-
minum bases with a conductive carbon adhesive. 
To enhance the conductivity of the samples, a fine 
gold layer was deposited using a sputter coater. 
SEM analysis was performed at an accelerating 
voltage of 5-15 kV to visualize the fiber surface 
characteristic, morphology, surface texture, and 
distribution of nHA particles within the fibers. 
Images were captured at multiple magnifications, 
and ImageJ software was utilized for analyzing 
the samples.

EDX
The elemental composition of the scaffolds was 

investigated using the EDX detector attached to 
the SEM system. EDX was utilized to visualize the 
spatial distribution of these elements throughout 
the fiber network.

 XRD
The crystalline phases and structural compo-

sition of the scaffolds were analyzed with XRD 
(Bruker diffractometer, Singapore). The scans 
covered 2θ angles from 10° to 80° with CuKα radi-
ation (λ = 1.5406 Å). A scanning interval of 0.1° and 
a speed of 1 step per second were applied. Char-
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acteristic peaks corresponding to nHA (at ~26° 
and ~32°) and PCL crystallinity (~21.5° and ~23.8°) 
were evaluated. The degree of crystallinity was 
calculated to assess the impact of Ser and nHA on 
the structural integrity of the scaffolds.

FTIR
FTIR analysis was carried out to identify the 

chemical interactions between PCL, nHA, and Ser 
within the scaffolds. The spectral data were ob-
tained with a JASCO 4100 spectrometer, covering 
the range of 400 to 4,000 cm-1, at a resolution of 4 
cm-1 with 32 scans for each sample. Specific peaks 
corresponding to the functional groups of PCL  
(C = O stretching at ~1720 cm-1), nHA (P-O stretching  
at ~1045 cm-1), and Ser (O-H and N-H stretching 
at ~3200-3500 cm-1) were analyzed to confirm 
their incorporation and interactions within the 
scaffold matrix.

This is a descriptive observational study hence 
statistics are not included.

RESULTS 
SEM 

The surface structure of the PCL/nHA/Ser 
scaffolds were analyzed using SEM to evaluate 
fiber formation, distribution, and the incorpora-
tion of nHA and Ser. The SEM micrographs re-
vealed that the electrospun scaffolds exhibited 
a uniform fibrous structure with interconnect-
ed porosity, closely resembling the extracellular 
matrix as shown in Figure 1 A and B. The fibers 
displayed a smooth surface, with minimal bead 
formation, indicating optimized electrospinning 
parameters. The distribution of nHA was uniform 
throughout the scaffold, with no significant ag-
glomeration observed, suggesting effective dis-
persion during the electrospinning process. Addi-
tionally, the scaffold fibers maintained structural 
integrity and flexibility, crucial for replicating the 
mechanical characteristics of natural tissue. The 
presence of Ser in the scaffold was indirectly 
confirmed through morphological changes in the 
fiber surface. The fibers showed slightly rougher  
textures compared to pure PCL fibers, which may 
be attributed to the functionalization of the pol-
ymer matrix with Ser and nHA. This enhanced 
surface roughness is expected to improve cell 
attachment and promote mineralization. Overall, 
the SEM analysis confirmed that the PCL/nHA/
Ser scaffolds possess a highly porous and fibrous 
structure, with uniform incorporation of nHA 

Figure 1. SEM images of electrospun nanofibrous scaffold 
(A and B) PCL/nHA/Ser at two different magnifications 
and their EDX spectrum (C)

and Ser. These characteristics make the scaffold 
suitable for supporting cell proliferation, nutrient 
diffusion, and biomineralization in tissue engi-
neering applications.

EDX 
The elements present in the PCL/nHA/Ser 

scaffold were examined through EDX to verify 
the effective integration of nHA into the fibers. 
The EDX spectra indicated the existence of char-
acteristic elements, including carbon (C) and  
oxygen (O), which are attributed to the PCL poly-
mer matrix, as shown in Figure 1C. Additionally, 
calcium (Ca) and phosphorus (P) were detected, 
confirming the incorporation of nHA within the 
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scaffold. The Ca/P ratio observed in the scaffold 
exhibited a deviation from the stoichiometric 
ratio of hydroxyapatite, which can be attributed 
to the dynamics of the electrospinning process 
(17). Sodium (Na) was also observed, indicating its 
presence as a component of the synthetic nHA. 
The elemental distribution suggests effective 
blending of nHA and Ser within the PCL matrix 
during the electrospinning process. These findings 
complement the SEM observations, confirming 
that the PCL/nHA/Ser scaffold is a composite 
system with well-distributed nHA and Ser, high-
lighting its potential as a biomimetic scaffold for 
tissue engineering applications.

XRD
The XRD examination of the PCL/nHA/Ser 

scaffold revealed a combination of crystalline and 
amorphous phases, which are key to its struc-
tural and functional properties. Distinct diffrac-
tion peaks at 21.43°, 23.63°, and 29.42° (2θ) were 
observed, corresponding to the crystallographic  
planes as shown in Figure 2. The sharp peaks at  
21.43° and 23.63° are characteristic of the semi- 
crystalline nature of PCL. These peaks confirmed 
the retention of PCL’s crystallinity during the 
fabrication process. Similarly, the peak at 29.42° 
(2θ) is attributed to nHA, indicating the effective 
integration of hydroxyapatite within the polymer 

matrix. In contrast to the crystalline peaks, the 
broader background signal observed in the XRD 
pattern is indicative of the amorphous regions 
within the scaffold. The amorphous phase is asso- 
ciated with the presence of Ser, which disrupts 
the regular packing of the crystalline lattice and 
contributes to the flexibility and bioactivity of the 
composite. The broader FWHM values of 0.359° 
and 0.392° at 21.43° and 23.63°, respectively, sug-
gest the coexistence of both crystalline and amor-
phous domains. This combination of crystalline 
and amorphous phases provides the scaffold with 
a balance of mechanical strength and bioactive 
properties. The crystalline domains ensure struc-
tural integrity and stability, while the amorphous 
regions promote interactions with biological tis-
sues, facilitating cell attachment and biominerali-
zation. These results confirm the suitability of the 
PCL/nHA/Ser scaffold for applications in tissue 
engineering.

FTIR
The FTIR spectrum of the PCL/nHA/Ser scaf-

fold was analyzed to confirm the successful incor-
poration of nHA and Ser into the polymer matrix. 
The spectrum displayed characteristic peaks cor-
responding to the functional groups of PCL, nHA, 
and Ser, demonstrating the composite nature of 
the scaffold, as seen in Figure 3.  The PCL com-

Figure 2. XRD spectrum of PCL/nHA/Ser scaffold
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ponent showed prominent peaks at 1,721.19 cm-1, 
attributed to the C = O stretching vibration, and 
at 2,943.33 cm-1 and 2,865.06 cm-1, corresponding  
to CH2 asymmetric and symmetric stretching,  
respectively. These peaks confirmed the presence 
of PCL as the base polymer in the scaffold.  

The contribution of nHA was evident from the 
strong absorption band at 1,106.96 cm-1, corre-
sponding to the P-O stretching vibration, and the 
peaks at 579.84 cm-1 and 519.12 cm-1, characteristic 
of phosphate bending vibrations. These features 
are consistent with the hydroxyapatite structure, 
validating its incorporation within the scaffold. 
Serine incorporation was confirmed by the pres-
ence of distinct peaks at 1,469.88 cm-1 and 1,365.71 
cm-1, corresponding to C-H bending and C-N 
stretching vibrations, respectively. Additionally, 
the sharp peak observed at approximately 933.88 
cm-1 can be associated with the C-O stretching 
of the hydroxyl group in serine, while the region 
around 840.89 cm-1 corresponds to out-of-plane 
O-H bending, further supporting the presence of 
serine. Notably, the absence of a broad O-H/N-H 
band in the range of 3,200-3,500 cm-1 may be 
attributed to hydrogen bonding interactions or 
overlapping with polymer signals, yet the distinct 
peaks observed in the fingerprint region confirm 
the successful incorporation of serine.

The overlapping of characteristic peaks from 
PCL, nHA, and Ser within the FTIR spectrum indi- 
cates effective blending and molecular interactions 

between the scaffold components. The incorpo-
ration of serine is particularly significant, as its 
functional groups are expected to enhance scaf-
fold bioactivity by promoting cell adhesion and 
mineralization processes. These findings confirm 
that the PCL/nHA/Ser scaffold integrates all 
components effectively, supporting its potential 
for application in tissue engineering.

DISCUSSION
The development and characterization of the 

PCL/nHA/Ser scaffold have demonstrated its 
potential as a biomimetic material for applications 
in tissue engineering. The results from SEM, EDX, 
XRD, and FTIR analyses provide compelling evidence  
of the scaffold’s structural, compositional, and 
functional properties, highlighting its suitabili-
ty for promoting mineralization and supporting  
cellular activity.

The SEM analysis revealed a uniform fibrous 
structure with interconnected porosity, closely  
mimicking the extracellular matrix of natural tis-
sues. The smooth yet slightly roughened fiber 
surfaces, due to the incorporation of nHA and Ser, 
suggest enhanced bioactivity, which is critical  
for cell adhesion and proliferation. The homoge-
neous distribution of nHA within the fibers, ob-
served through SEM and EDX mapping, ensures 
consistent mechanical properties and effective 
biomineralization across the scaffold.

Figure 3. FTIR analysis of PCL/nHA/Ser scaffold
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The EDX analysis confirmed the presence of 
calcium and phosphorus, which are characteristic  
of nHA, indicating the successful integration. The 
calculated Ca/P ratio aligned with the theoretical 
values for hydroxyapatite, suggesting that the 
nHA maintains its structural integrity within the 
composite scaffold. This uniform elemental dis-
tribution further emphasizes the scaffold’s ability 
to emulate the mineralized matrix of dentin and 
bone.

XRD analysis revealed the coexistence of crys-
talline and amorphous phases within the scaffold. 
The distinct peaks for PCL and nHA confirmed 
the retention of their structural identities, while 
the broadening of peaks suggested interactions 
with Ser, leading to partial disruption of crystal-
line order. The balance between crystalline and 
amorphous phases is particularly advantageous,  
as it provides mechanical stability while enhancing  
bioactivity. The crystalline regions contribute to the  
scaffold’s strength, whereas the amorphous re-
gions facilitate biological interactions and mineral  
deposition.

FTIR spectroscopy further validated the incor- 
poration of PCL, nHA, and Ser into the scaffold.  
Characteristic peaks for PCL (C=O and CH2 
stretching), nHA (P-O and phosphate bending), 
and Ser (O-H and N-H stretching) were identified, 
confirming the composite nature of the scaffold. 
The overlapping peaks indicate interactions be-
tween these components, which could enhance 
the scaffold’s ability to support biomineralization 
and promote tissue integration.

The incorporation of Ser into the PCL/nHA 
scaffold is particularly significant. Ser mimics the 
function of noncollagenous proteins (NCPs) in 
natural mineralization processes, enhancing hy-
droxyapatite nucleation and controlling crystal 
growth. This bioactive modification positions the 
scaffold as a superior alternative to convention-
al polymer-based materials, offering enhanced 
mineralization potential and cell compatibility.

The combination of PCL, a biodegradable poly- 
mer, with nHA and Ser addresses key limitations 
of individual materials. While PCL provides me-
chanical flexibility and a suitable platform for 
fiber formation, nHA improves osteoconductivity 
and mineral release, and Ser introduces bioactivity 
critical for tissue regeneration. This synergistic 
approach ensures that the scaffold not only mimics  

the structural and functional properties of the 
extracellular matrix but also facilitates cellular 
responses necessary for effective regeneration.

Negatively charged amino acids, including Ser 
through phosphorylation, play a crucial role in 
binding calcium and phosphate ions, facilitating 
nucleation and guiding the conversion of ACP 
into organized hydroxyapatite in Ser-incorpo-
rated scaffolds (18). The phosphorylation of Ser 
residues in proteins such as ameloblastin (AMBN) 
plays a critical role in enamel formation, acting 
as a post-translational modification necessary 
for proper mineralization and crystal organiza-
tion (19). This underscores the potential of Ser in 
biomimetic scaffolds to mimic natural processes, 
stabilizing precursor minerals and guiding the 
deposition of hydroxyapatite. 

Amino acid-functionalized scaffolds, such as 
those incorporating serine, have been shown 
to mimic NCPs and regulate nucleation, crystal 
growth, and signaling pathways crucial for den-
tin-pulp regeneration (20).

Electrospun scaffolds incorporating biofunc-
tional molecules like amino acids offer promising 
results in dentin-pulp tissue engineering due to their  
controlled degradation, high porosity, and ability 
to promote mineralized tissue formation (21).

The incorporation of Ser into biomimetic 
systems for dentin and enamel remineralization 
demonstrates its critical role in stabilizing ACP and  
guiding its transformation into hydroxyapatite. 
As highlighted in previous studies, Ser’s ability to 
form strong electrostatic interactions with calcium  
ions enhances the stability of ACP, mimicking 
natural biomineralization pathways such as those 
involving dentin sialophosphoprotein (DSPP) (22). 
When combined with carboxymethyl chitosan 
(CMC), Ser significantly prolongs the stability of 
ACP nanocomplexes, facilitating their sustained 
use in clinical applications. Additionally, Ser en-
hances the structural organization of remineralized 
layers, forming highly aligned, enamel-like crystals 
that resemble native tissue. These findings align 
with the current study, where Ser-incorporated 
PCL/nHA scaffolds promoted the deposition of 
orderly mineralized structures, demonstrating 
their potential as effective platforms for dentin 
repair. 

The role of Ser-rich sequences in biomimetic 
remineralization is well-supported, as demon-
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strated by the Aspartate-Ser-Ser (DSS) sequence 
in DPP. Peptides like 8DSS effectively bind to 
demineralized dentin collagen via electrostatic 
interactions, promoting hydroxyapatite nucleation 
and nano-crystal deposition on dentin surfaces  
and within tubules (23). This process significantly 
enhances the mechanical properties of demin-
eralized dentin. The use of self-assembling pep-
tides like P11-4, which promote enamel remin-
eralization through a biomimetic approach (24), 
highlights the need for similar strategies in dentin. 
These peptides scaffold hydroxyapatite forma-
tion, a process potentially beneficial for the com-
plex microstructure of dentin. This underscores 
the importance of researching biomimetic com-
pounds tailored specifically to target dentin’s 
unique properties.

Recent studies also highlight that phospho-
rylated amino acids such as phosphoserine can 
promote osteogenic differentiation and calcium 
deposition in nanohydroxyapatite-based scaffolds, 
underscoring the role of amino acid signaling in 
enhancing mineralization pathways (25).

Furthermore, biomimetic mineralized collagen- 
hydroxyapatite scaffolds engineered using syn-
thetic analogues of noncollagenous proteins have 
shown enhanced intrafibrillar mineralization and 
osteogenic potential, supporting the rationale for 
amino acid-modified scaffolds in dental applica-
tions (26).

 These findings highlight the potential of Ser to 
stabilize mineral precursors and direct organized  
crystal formation, aligning with the goals of this 
study to leverage Ser-incorporated scaffolds for 
biomimetic dentin remineralization.

Research highlighting the synergistic interac-
tion between casein phosphopeptide-amorphous 
calcium phosphate (CPP-ACP) and fluoride for 
enamel remineralization (27) indicates a prom-
ising strategy that might be extended to dentin. 
Considering dentin’s higher organic composition 
and increased porosity, it becomes essential to 
develop methods capable of penetrating deeply 
and reinforcing the collagen framework. Accord-
ingly, exploring the capability of CPP-ACP to en-
hance the intradentinal deposition of calcium and 
phosphate ions warrants comprehensive evalua-
tion.

Limitations and future directions
While the current study successfully demon-

strates the scaffold’s potential, additional inves- 
tigations are warranted to fully validate its per-
formance. Future studies should explore the scaf-
fold’s behavior in biological environments, such 
as in-vitro and in-vivo mineralization assays, to 
assess its long-term stability, biocompatibility,  
and degradation profile. Furthermore, under-
standing the influence of Ser concentration on 
the scaffold’s mechanical and biological properties 
could provide valuable insights for optimizing its 
design.

Future investigations should also evaluate the 
scaffold’s antimicrobial efficacy and mechanical 
stability under simulated oral conditions, including 
dynamic loading and exposure to salivary enzymes, 
to better replicate clinical performance.

CONCLUSIONS
The nanofibrous scaffold exhibited structural  

and compositional properties, confirming the 
presence of PCL, nHA and Ser. The properties 
analyzed support its potential for biominerali-
zation and tissue regeneration. The inclusion of 
Ser could enhance hydroxyapatite nucleation and 
cell attachment, making the scaffold a promising 
biomaterial for dentin repair. Further in-vitro 
and in-vivo studies are recommended to validate 
its clinical application.
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 ABSTRACT

OBJECTIVE  This research explores the prevalence of vitamin D defi-
ciency among diabetic neuropathy patients in South India, highlighting 
the significant impact of this deficiency on health outcomes, particularly 
of the sensory-motor type.

METHODS  A cross-sectional study at Koonaseema Institute of Medical 
Science and Research Foundation (KIMS&RF) found a significant associa-
tion between vitamin D deficiency and diabetic neuropathy, with factors 
such as sociodemographic, risk factors, treatment duration, treatment 
modality, DPN score, hyperalgesia, and neuropathic pain.

RESULTS A study of 480 diabetic neuropathy patients found that 88.54% 
of them had a deficiency in vitamin D. Of those patients, 51.43% had insuf-
ficiency, while 37.11% had a more severe deficiency. The statistical analy-
sis was conducted using Excel and the 16th edition of SPSS (Statistical 
Package for the Social Sciences). Literate individuals had lower vitamin D 
levels, while middle-class individuals were more likely. Obesity was linked 
to vitamin D insufficiency, with 65.60% of obese patients having insuffi-
cient vitamin D. Treatment modalities, sensory thresholds, and neuro-
pathic pain symptoms were also associated with vitamin D deficiency. 

CONCLUSIONS This study in South India found that 88.54% of individuals, 
particularly those with diabetic neuropathy, were deficient in vitamin D. 
This is lower than in Egypt, but higher than in the UAE and China. Factors  
affecting vitamin D levels affect both males and females, with a higher  
impact on males. Complications from diabetic neuropathy are linked to 
vitamin D insufficiency. Further research is needed to validate these findings.  

 KEYWORDS  vitamin D, diabetic neuropathy, hyperalgesia, neuropathic  
 pain
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INTRODUCTION
Diabetic neuropathy (DPN) contributes signifi- 

cantly to the morbidity associated with diabetes 
mellitus as a chronic microvascular consequence 
(1). DPN causes significant morbidity, elevated 

mortality, and a reduced quality of life for those 
who have it (2). In addition to raising the chance 
of lower limb amputation, it also imposes additional  
financial strain on patients and their families since 
affected individuals must take more pain killers 
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and see a doctor more frequently, which makes 
it harder for them to work or carry out everyday 
tasks (3). Neuropathic pain, a crippling symptom 
of DPN, adds significantly to the burden of pain 
management worldwide.

Researchers anticipate an increase in DPN 
prevalence due to the ageing of the world's popu- 
lation and the growing number of diabetes mellitus 
patients (4). People with type 2 diabetes (T2DM) 
experience DPN more commonly than those with 
type 1 diabetes (T1DM) (5). Previous epidemiological 
research examined China's DPN prevalence and 
reported it to be 57.20%. According to estimates 
from 2020, between 18.80% and 61.90% of Indians 
have diabetic peripheral neuropathy (DPN), with 
the sensory-motor type being the most often re-
ported among diabetics (6).

In addition to being essential for metabolic 
health, researchers have connected vitamin D 
to a number of physiological mechanisms that  
affect diabetic complications such as neuropathy.  
Because poor glycemic control exacerbates neuro- 
pathic symptoms, researchers found a substantial  
interaction between vitamin D levels and insulin  
sensitivity (7). The way that vitamin D affects insulin 
resistance and secretion emphasizes how vitamin 
D levels may impact the severity of DPN as well as 
diabetes management.

Researchers indicate that vitamin D deficiency 
widely prevails across the Indian subcontinent, 
with some groups reporting deficiency rates as 
high as 100.00% (8). For South Indian patients 
with diabetic neuropathy, who may experience 
exacerbated health problems due to their illness, 
this alarming statistic raises significant concerns. 
A systematic analysis emphasizes the critical 
need for public health interventions, reporting a 
pooled prevalence of 68.00% for vitamin D defi-
ciency in South Asia, including India (9).

A comprehensive analysis has indicated that 
a significant percentage of Indians, ranging from 
40.00% to 99.00%, may have a deficiency in vita-
min D (10). Individuals with diabetes are particu-
larly at risk due to their elevated dietary needs. 
This study underscores the importance of imple-
menting food fortification programmes and con-
ducting public awareness campaigns to mitigate 
the prevalence of vitamin D deficiency in indivi- 
duals with diabetic neuropathy.

In addition to neuropathy, vitamin D insuffi- 
ciency has been associated with other diabetes- 
related issues such as retinopathy, demonstrating 
its broader health impacts (11). This connection 
underscores the importance of comprehensive 
monitoring and intervention strategies for dia-
betic patients. Assy et al. suggests that vitamin D 
levels may influence not just neuropathy but the 
entire spectrum of diabetic complications.

Moreover, it is important to highlight the role 
of vitamin D in enhancing insulin sensitivity, un-
derscoring its significance in effective diabetes  
management. Improving glycemic control is essen-
tial for minimizing the likelihood of complications, 
and increased insulin sensitivity can directly bene-
fit people suffering from DPN (12). This research 
investigated the frequency of vitamin D deficiency  
among individuals with DPN in south India. It 
extends existing studies which emphasize the  
notable occurrence of this deficiency and its impli- 
cations for health outcomes. Furthermore, the  
report identifies areas where information is lacking 
and provides recommendations for potential future  
research topics.

METHODS
Subjects

The study recruited 480 adult subjects aged 
20-60 from the General Medicine OPD, Koona-
seema Institute of Medical Science and Research 
Foundation, based on criteria such as diagnosis 
of T2DM mellitus, stable antidiabetic treatment, 
painful distal symmetrical and sensorimotor pol-
yneuropathy, diabetic neuropathy, DPN charac-
terized by a Neuropathy Disability Score (NDS) 
of 6 or higher, a reported Visual Analogue Scale 
(VAS) score of at least 4 for pain, and a Neuropathy  
Symptom Score (NSS) of 5 or above. Participants 
with T1DM, who were pregnant or lactating, and 
those with related endocrine disorders were ex-
cluded from the study. Other exclusion criteria  
included concurrent trials, inability to provide 
informed consent, malignancies, chronic liver 
disease, anemia, renal failure, obsessive- compul-
sive disorder, chronic inflammatory conditions, 
hypersensitivity to medication, and non-compli-
ance with study medication.

Study design
A cross-sectional study was conducted in the 

Konaseema area of Andhra Pradesh. The study 
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focused on individuals with DPN who were re-
ceiving treatment at the General Medicine Out-
patient Department of the Konaseema Institute 
of Medical Sciences and Research Foundation 
(KIMS&RF).

The study was conducted from September 2023 
through August, 2024. The required approval from 
the Institutional Ethics Committee was obtained 
before starting the study (reference number IEC/  
PR/2023: 21/04.03.2023). After being evaluated 
for study eligibility, individuals found to meet the 
inclusion criteria a baseline measure of diabetic  
polyneuropathy was assessed using the NDS 
score, the NSS, and the VAS (visual analogue scale,  
to measure painful symptoms). According to the  
authors, Akter et al., a mean score of more than  
NDS ≥ 6, NSS ≥ 5, and VAS ≥ 4 indicates diabetic  
polyneuropathy (13). Vitamin D levels were cate- 
gorised into three groups: vitamin D deficiency  
(< 15 ng/mL), vitamin D insufficiency (15-29 ng/
mL), and vitamin D sufficiency (≥ 30 ng/mL) 
based on the national population represented in 
the NHANES 2001-2004 study (National Health 
and Nutrition Examination Survey) (14).

Ethics
The study protocol was approved by the Insti-

tution Committee of Ethics in Human Research, 
a division of the Konaseema Institute of Medical 
Sciences & Research Foundation, in accordance 
with Indian Council of Medical Research regu-
lations (Ref. No. IEC/PR/2021:114). Each patient 
who wished to participate in the research signed 
a written informed permission form after being 
informed about the study.

Data collection 
Upon obtaining written informed consent, 

sociodemographic information, the duration of 
diabetes, and the type of therapy received were 
collected.  Common evaluation techniques, e.g., 
the VAS, NSS and NDS were utilised to assess 
DPN (15). The Toronto Clinical Neuropathy Scoring  
System was employed to quantify the severity of 
neuropathy, using the average DPN score (NSS+ 
NDS+VAS) to categorise patients into mild, mod-
erate, and severe groups (16). Blood samples were 
drawn from the antecubital vein and were then 
centrifuged at 4,000 rpm, with the resulting serum  
stored at -20°C for further examination. The 
COBAS 602 automated platform, which utilises 

Chemiluminescent Immunoassay (CMIA) techno- 
logy, was employed to analyse 25-OH vitamin D  
levels. Patients with diabetic polyneuropathy were  
categorised into three groups based on their vita-
min D levels: deficient (< 15 ng/mL), insufficient 
(20-30 ng/mL), and sufficient (> 30 ng/mL).

Quantitative sensory testing
Quantitative sensory testing (QST) was used 

to assess hyperalgesia, which is an increased sen-
sitivity to pain (17). QST measures changes in sen-
sitivity to different sensations like temperature, 
touch, and pressure. It helps evaluate the excit-
ability of different pain pathways and provides  
insights into pain mechanisms. The CASE IV sys-
tem is a QST that has been specifically designed to 
evaluate sensory thresholds and pain perception 
in individuals. This system utilises two different 
stimulators to measure the sensory thresholds for 
various stimuli, e.g., pressure, vibration, heat, and 
cold. The supplier of the CASE IV equipment was 
WR Medical Electronics Co., located in Maple-
wood, MN, USA. For temperature tests, the dorsal 
side of the hand was chosen, while the third fin-
ger was used for vibratory testing. (Supplement 
Table 1) The tests were conducted on the upper 
extremities of individuals with DPN and a control  
group without diabetic neuropathy, and the results  
were carefully recorded. After converting the 
raw QST findings to Z-transformation values, the  
criteria for hyperalgesia in the patients were  
established. It was observed that a difference of 
1 SD was present between heat pain threshold 
(HPT) values of 0.5 and 5, while a difference of 2 
SD was noted between the control group and the 
illness group.

Neuropathic pain screening
Ten "yes/no" questions about neuropathic 

pain make up the douleurneuropathique (DN)4 
Questionnaire (18). The score is determined by 
adding up the "yes" responses, and ranges from 
"0" (no neuropathic pain) to "10" (the most severe 
neuropathic pain).

Statistical analysis
Continuous variables underwent normality 

testing using the Kolmogorov-Smirnov test to 
assess their distribution. Variables that exhibited  
a normal distribution are presented as mean ± 
standard deviation; others are reported as median  
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(interquartile range). Categorical variables are 
expressed using either percentages or propor-
tions. Statistical Significance was set at p < 0.05, 
and appropriate tests of significance, such as the 
independent t-test and the chi-square test for 
categorical data, were employed. Data entry and 
analysis were facilitated using Excel and the 16th 
edition of SPSS (Statistical Package for the Social 
Sciences). Prevalence was determined based on 
the available data. Associations between vitamin 
D deficiency and various factors, including dura-
tion of diabetic treatment, treatment mode, DPN 
score, hyperalgesia, and neuropathic pain, were 
demonstrated using the 95% confidence interval 
(CI) and odds ratio (OR).  The 'yes' response rate 
in the DN4 questionnaire was compared using 
McNemar's test.

RESULTS
A total of 424 individuals, 88.54% of the 480 

DPN patients who took part in the study, had 
vitamin D deficiency, according to the national 
population as reported in the National Health and 
Nutrition Examination Survey (NHANES 2001-

2004 study). Patients were categorised based on 
their vitamin D levels, with 180 patients (37.11%) 
having vitamin D deficiency (< 15 ng/mL) and 240 
patients (51.43%) having vitamin D insufficiency 
(15-29 ng/mL). The mean age of those with vita-
min D insufficiency was 38 years with a standard 
deviation of 12.4 years, and 59.40% of this group 
were men. Among the female participants, 108 
(55.38%) were older compare to males and had 
vitamin D deficiency, with a statistically signifi-
cant p-value of less than 0.00004.

Anthropometric, clinical characteristics and  
vitamin D level in the study population

An assessment of various characteristics in 
terms of their independence and correlation with  
vitamin D levels is pressented Table 1 presents. 
Several characteristics, such as education, em-
ployment position, socioeconomic level, marital  
status, and body mass index (BMI) status, exhi- 
bited statistically significant associations. The 
comparison of variables across deficient, insuf-
ficient, and sufficient categories is illustrated  
as row percentages. In the study group, it was  

Table 1. Sociodemographic details of Diabetic Neuropathy participants with categorical representation of vitamin D levels

Variable
Total

(n = 480)

Vitamin D
deficiency

(< 15 ng/mL)
(n = 180)

Vitamin D
insufficiency

(15-29 ng/mL)
(n = 244)

Vitamin D
sufficiency

(≥ 30 ng/mL)
(n = 56)

p-value
significant at p < 0.05

Age
Male
Female
Education

Literate
Illiterate

Employment status
Employed
Unemployed

Socioeconomic status
Upper class
Middle class
Lower class

Marital status
Married
Unmarried
Hypertension

BMI status
Obese
Non-obese

37±11
285
195

320
160

390
90

170
220
90

396
84
173

320
205

44±8.34
95
108

108
30

190
30

60
80
20

190
28
102

82
106

48±12.4
158
79

180
50

160
50

100
120
30

150
24
63

210
88

28±4.55
32
08

32
80

40
10

10
20
40

56
32
08

28
11

Chi-square statistic = 
16.8596, p < 0.00004*

Chi-square statistic = 
95.4037, p < 0.00001*

Fisher exact
p < 0.0179*

Chi-square statistic = 
80.3553, p < 0.00001*

Chi-square statistic = 
26.6185, p < 0.00001*

Chi-square statistic = 
33.7539, p < 0.00001*

*p < 0.05 were considered statistically significant 
BMI, body mass index. In the table, results represent the arithmetic mean ± predictable error of diabetic neuropathy 
subjects. 
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observed that literate individuals (n = 320, 
66.66%) were more likely to have lower vitamin 
D levels than non-literate individuals, especial-
ly those with insufficiency (n = 180, 56.30%); 
chi-square statistic = 95.4037; p < 0.00001. Ex-
amination of diabetic neuropathy found it to be 
relatively independent of socioeconomic posi-
tion, with middle-class DPN individuals (n = 220) 
showing a higher likelihood of vitamin D defi- 
ciency (n = 120, 54.54%); chi-square statistic  
= 80.3553, p < 0.00001. Furthermore, it was ob-
served that married individuals (n = 396) had a 
higher prevalence of vitamin D deficit (n = 190, 
47.97%), while those with DPN tended to experi-
ence vitamin D insufficiency (chi-square statistic 
= 26.6185, p < 0.00001). A correlation was found 
between vitamin D status and BMI, with 65.60% of  
the 320 DPN individuals who were obese having 
vitamin D insufficiency. Additionally, 25.60% of 
the obese DPN patients were compared for vita-
min D deficiency.

Correlation of vitamin D deficiency with different 
variables of diabetic neuropathy

The study looked at the relationship between 
a number of variables and the onset of vitamin D 
deficiency in diabetic neuropathy. With a non-ad-
justed odds ratio of 2.93 and a p < 0.001, suggesting  
high statistical significance, it was shown that  
vitamin D deficiency was significantly more com-
mon among patients (52.10%) who were taking 
long-term diabetes medication. Treatment mo-

dalities, including metformin and sulfonylurea at 
49.00% (non-adjusted odds ratio 2.67, p < 0.001), 
moderate DPN score at 50.10% (non-adjusted 
odds ratio 2.83, p < 0.001), and DPN symptoms 
with hyperalgesia at 69.00% (non-adjusted odds 
ratio of 3.89, p = 0.001), were significantly associ-
ated with vitamin D deficiency as shown in Table 
2. We studied the relationship between several 
factors and the onset of vitamin D insufficiency 
in diabetic neuropathy. It was discovered that of 
patients receiving long-term diabetic treatment, 
52.10% had a significantly high chance of devel-
oping vitamin D deficiency, with a non-adjusted 
OR of 2.93, p < 0.001, which is highly significant. 
As shown in Table 2, along with vitamin D level, 
treatment modality with Metformin & sulfony-
lurea 49.00% (non-adjusted OR 2.67, p < 0.001), a 
moderate DPN score of 50.10% (non-adjusted OR 
2.83, p < 0.001) and DPN symptoms with hyperal-
gesia 69.00% (non-adjusted OR of 3.89, p = 0.001) 
were also significantly associated with vitamin D 
deficiency.

Comparison of QST components in the diabet-
ic neuropathy group and the controls without 
neuropathy 

The levels of QST were compared between 
groups to assess sensory thresholds. In the tests 
of cold detection threshold (CDT), heat detection  
threshold (HDT), and vibration detection thresh-
old (VDT), it was found that the group of DPN 
patients with vitamin D deficiency (n = 331) ex-

Table 2. Association between selected variables in diabetic neuropathy and vitamin D deficiency

Variable n (%) OR 95%CI p-value

Duration of diabetic treatment
0-5 years
5-10 years
11-20 years

Treatment modality
Metformin
Metformin with sulfonylurea
Metformin with DPP-4 inhibitors

DPN Score
Mild (5-8)
Moderate (9-11)
Severe (12-15)
Hyperalgesia
Neuropathic pain

	
150 (31.30)
250 (52.10)
80 (16.70)

80 (16.70)
235 (49.00)
165 (34.30)

105 (21.90)
244 (50.10)
141 (29.40)
331 (69.00)
149 (39.20)

	
1.35
2.63

1.40
2.63
1.93

1.43
2.93
3.05
2.89
2.03

	
1.02-1.82
1.70-4.06

1.08–1.79
1.70-4.06
1.09-3.41

0.95-2.67
1.62-4.11
1.76-4.28
1.82-4.17
1.63-3.89

	
0.015*

< 0.001*

0.010
< 0.001*

0.009*

0.052
< 0.001*

< 0.001*

< 0.001*

< 0.005*

*p < 0.05 were considered statistically significant. 
DPN, diabetic neuropath; CI, confidence interval; OR, odds ratio
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Table 3. Comparison of quantitative sensory testing  components in the diabetic neuropathy group 
and the group without neuropathy (control).

Variable
Control: diabetic  

without neuropathy
(N = 56)

Diseases: diabetic neuropathy 
with vitamin D  

deficiency (N = 331)

p-value
significant at 

p < 0.05

CDT
HDT
VDT
HPT 0.5
HPT 5.0
HPT 0.5–5.0

5.43±1.14
6.55±1.45
12.55±2.15
18.44±3.15
23.85±2.88
5.45±1.32

8.33±2.11
12±2.55

15.2±2.65
13.11±2.95
20.2±3.05

7.1±1.45

0.001
< 0.001
0.001
0.005
0.010
0.005

CDT, cold detection threshold; HDT, heat detection threshold; VDT, vibration detection threshold; 
HPT, heat pain threshold 

Table 4. Comparison of Douleur Neuropathique (DN)4 questionnaire responses of adult patients 
with painful diabetic neuropathy.

Variable
Control: diabetic  

without neuropathy
(N = 56)

Diseases: diabetic neuropathy 
with vitamin D  

deficiency (N = 331)

Burning
Painful cold
Electric shock tingling
Pins and needles
Tingling
Numbness
Itching
Hypoesthesia to touch
Hypoesthesia to prick
The pain is caused or increased by 
brushing

38 (67.90)
39 (69.60)
26 (46.40)
33 (58.90)
41 (73.20)

45 980.40)
36 (64.30)
40 (71.40)
44 (78.60)
43 (76.80)

140 (94.0)*

146 (98.0)*

139 (93.0)*

140 (94.0)*

146 (98.0)*

144 (96.6)*

145 (97.3)*

139 (93.0)*

136 (91.3)*

145 (97.3)*

*Statistically significant differences (p < 0.05; McNemar’s test) 
Data presented as n (%) of positive responses.  

hibited higher sensory thresholds than the non- 
neuropathic controls in both their painful and 
nonpainful extremities (p < 0.05).  Furthermore, it 
was observed that the DPN group's HPT 0.5 and 
HPT 0.5-5.0 values were lower than those of the 
healthy controls (p < 0.05). However, there was 
no statistically significant difference in HPT 5 
readings between the groups (p > 0.05). For a de-
tailed intergroup analysis, refer to Table 3.

Comparison of the (DN)4 questionnaire in the 
diabetic neuropathy group and the without neu-
ropathy controls

Comparison of the (DN)4 questionnaire was 
performed between the groups. The group with 
DPN with vitamin D deficiency (n = 149 patients) 
had higher neuropathic pain symptoms than the 
non-neuropathic controls. Statistically signifi-

cant reductions in neuropathic pain symptoms 
were noted by McNemar’s test, p value less than 
0.05 (Table 4). 

DISCUSSION
Vitamin D is a fat-soluble vitamin that plays 

a crucial role in various physiological processes. 
Vitamin D deficiency potentially contributes to 
bone disorders like osteomalacia and osteopo-
rosis, increasing fracture risk, and is associated 
with muscle weakness and falls. Furthermore, 
vitamin D deficiency is linked to autoimmune 
diseases, cardiovascular issues, and possibly cer-
tain cancers. Vitamin D deficiency can contribute 
to neuropathy through several interconnected 
mechanisms, including impaired nerve growth 
and repair, increased inflammation, increased 
oxidative stress and potential effects on blood 
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sugar control. Specifically, vitamin D, through its 
receptor (VDR), plays a role in nerve growth fac-
tor (NGF) production, which is crucial for nerve 
health. Furthermore, vitamin D deficiency can 
exacerbate inflammation, a process implicated 
in nerve damage, and may also affect glucose 
metabolism, a key factor in diabetic neuropathy. 
Supplementing with vitamin D has an impact on 
both extra skeletal and skeletal health. In addi-
tion to supporting bone health, vitamin D can 
also affect immunological, neuromuscular, and 
cell growth, while also helping to reduce inflam-
mation. It's important to note that excessive sup-
plementation of vitamin D can potentially lead to 
harmful effects such as renal damage and hyper-
calcemia.

This groundbreaking study is the first of its 
kind to be conducted in southern India with the 
primary objective of assessing the levels of serum 
vitamin D in individuals with diabetic neuropathy. 
In the study, 88.54% of the subjects were found 
to have decreased vitamin D:  51.43% had an in-
sufficiency, while 37.11% had a deficiency. These 
findings indicate a remarkably high prevalence 
of vitamin D deficiency overall in the population 
studied. A cross-sectional study conducted in 
Egypt that included both urban and rural adult 
populations in Zagazig city, El-Sharkia, revealed 
significant findings. Two-thirds of the population 
had low vitamin D levels according to the study, 
and among those with painful diabetic neurop-
athy, 35.00% had low vitamin D levels, while 
30.00% had painless diabetic neuropathy (19). 
Additionally, the study identified a notable neg-
ative correlation between vitamin D levels and 
neuropathy scores, suggesting that lower vitamin  
D levels were associated with higher neuropathy 
scores. In contrast, our study in southern India 
reported an even higher percentage of partici-
pants with serum vitamin D deficiency of 88.54%, 
surpassing the findings of the Egyptian study (20). 
Another cross-sectional study in China highlighted 
a high prevalence of vitamin D deficiency in distal 
symmetric subclinical DPN of 78.54%, as opposed 
to mononeuropathy and radiculopathy, diabetic 
neuropathy, and distal symmetric polyneurop-
athy (21). Furthermore, the study observed the 
highest prevalence of vitamin D deficiency among 
individuals with diabetic foot ulcers (97.44%), fol-
lowed by those without foot ulcers (59.18%) (22).

A clinic-based cross-sectional survey conducted  
in two tertiary-level hospitals in Yogyakarta, Indo- 
nesia, revealed that 85.00% of patients were found 
to have vitamin D insufficiency. Moreover, the 
study reported that among individuals with pain-
ful diabetic neuropathy, the prevalence of vitamin 
D deficiency was 20.80% in men, 79.20% in wom-
en, and 98.11% in vitamin D insufficency group. The 
average age of the study participants was 57.83 ± 
8.79 years (23). The investigators defined vitamin 
D deficiency as serum vitamin D levels below 30 
ng/mL, and observed a high prevalence of low 
vitamin D levels. Using the same cut-off for vita- 
min D deficiency, a similar overall prevalence 
of 98.11% was found, with an 88.54% prevalence 
among diabetic individuals. Additionally, the study  
revealed a 79.20% prevalence of vitamin D defi-
ciency among females with a mean age of 57.83 
± 8.79 years, whereas our study had a higher 
prevalence of vitamin D deficiency among males  
age 48 ± 12.4 years (24).  In India, both men and women  
are susceptible to vitamin D deficiency, with a  
slight tendency for males to be more affected. 
This tendency is likely influenced by a combi-
nation of factors, such as dietary habits, lifestyle 
choices, and societal norms that impact sun  
exposure (25). Our study delved into the reasons 
behind the higher prevalence of vitamin D defi-
ciency in males.

Research studies have extensively documented  
the frequency of vitamin D insufficiency in healthy 
individuals and in individuals with diabetes com-
plications such as diabetic retinopathy and dia-
betic nephropathy in both Indian and Western 
populations (26). However, there is a lack of sta-
tistical documentation regarding the prevalence 
of vitamin D deficiency in the community of indi-
viduals with DPN in south India.

One study uncovered a high rate of vitamin 
D deficiency among employed individuals, with 
39.60% found to be deficient, and 33.30% having  
insufficiency. These significant findings were 
obtained from a retrospective observational 
cross-sectional study conducted in south India 
which included both urban and rural adult pop-
ulations in Nalanda District, Kerala, South India 
(27). The study indicated that 89.20% of employed 
individuals in the population had low levels of 
vitamin D. The figures were 27.60% for skilled 
workers, 28.10% for semiskilled workers, 7.90% 



Vadivel Mani, et al.

18		  Biomedical Sciences and Clinical Medicine 2026;65(1):11-22.

for unskilled workers, 9.20% for professionals, 
and 8.40% for semi-professionals. This trend is 
likely influenced by various factors, including  
dietary habits and employment choices impacting 
sun exposure, such as skilled and professional 
workers. The prevalence of indoor work among 
employees in South India is a significant aspect 
of the region's workforce, especially with the in-
creased work-from-home practices post-pande-
mic, particularly in the IT sector (28). The study 
specifically investigated the reasons behind the 
greater incidence of vitamin D insufficiency 
among working people.

In South India, we conducted a comprehen-
sive analysis of various socioeconomic variables 
among individuals with diabetic neuropathy. Out 
of the total population studied, 90 individuals 
(18.80%) were found to be living below or near 
the poverty level, while 220 individuals (45.70%) 
belonged to the middle class, and 170 individuals 
(35.50%) were classified as upper class. Com-
paring these findings with the national growth 
benchmark revealed that 31.00% of the population 
perceived themselves as middle class, aligning  
closely with national data. A National Institutes 
of Health (NIH) research study claims that higher  
socioeconomic classes and urban areas exhibit 
higher rates of risk factors for cardiovascular dis-
eases (CVDs), including high cholesterol, diabetes, 
and hypertension (29). Furthermore, in India, it 
has been observed that families in the upper and 
middle classes are more inclined to use statins 
compared to those in lower socioeconomic levels 
(30). Our study corroborated this trend, revealing 
a greater incidence of vitamin D deficiency in 
middle-class households.

A study indicated that 31.30% of married people  
were insufficient in vitamin D, and 39.60% of them  
were deficient. Those results were obtained from  
a community-based cross-sectional study con-
ducted in the West Bengali village of Singur, 
which revealed that 70.60% of the populace was 
deficient in vitamin D (31). The study highlighted  
that vitamin D deficiency is more prevalent 
among married individuals, particularly women, 
due to various factors including lifestyle, social 
roles, and biological differences. Reasons for this 
higher prevalence include consuming more calo-
rie-dense foods and receiving less sun exposure 
as a result of domestic responsibilities. Further-

more, differences in fat distribution and hormo-
nal fluctuations may contribute to lower vitamin 
D levels in women compared to men (32, 33).

 According to one study, overall, 210 DPN in-
dividuals are obese, with 25.60% of obese indivi- 
duals found to be deficient in vitamin D and 65.60% 
insufficient. These significant findings were 
gleaned from a case-control study conducted  
in the Endocrinology-Diabetology and Nutrition  
Department of a tertiary center in Oujda, Morocco. 
In that study, in the obese population 32.80% had 
vitamin D deficiency and 65.70% had vitamin D 
insufficiency (34). Individuals who are obese have 
a much higher likelihood of experiencing vita-
min D insufficiency compared to those of normal 
body weight. A meta-analysis revealed that obese 
individuals have a 3.70 OR for vitamin D insuffi-
ciency, significantly higher than that of healthy 
study participants (35). This suggests that vitamin 
D deficiency is more prevalent among individuals 
who are obese. Studies have indicated that vita-
min D insufficiency is widespread among obese 
individuals, with rates reaching as high as 78.30% 
of the population (36). The lower levels of vitamin 
D in obese individuals are associated with an in-
creased risk of neuropathy.

Association between selected variables in dia-
betic neuropathy and vitamin D deficiency

Numerous pieces of evidence have established 
a clear link between vitamin D insufficiency and 
the consequences of diabetic neuropathy. The 
current study revealed that vitamin D deficiency  
is significantly more prevalent in DPN patients 
experiencing difficulties compared to diabetic 
patients without complications, with percentages  
of 88.54% and 11.46%, respectively. The current 
study also identified a robust correlation between 
vitamin D insufficiency and the severity of dia-
betic polyneuropathy, its symptoms, treatment 
techniques, and the duration of treatment. This 
study highlighted the high prevalence of vitamin 
D deficiency among diabetic patients with diabetic  
polyneuropathy who had been undergoing treat-
ment for 5-10 years (52.10%) compared to those 
with below 5 years of treatment and above 10 
years of treatment. The observed trend could 
potentially be attributed to the decreased meta- 
bolism of vitamin D in prolonged uncontrolled 
diabetes (37). Additionally, findings from previous  
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studies by Hassan et al. (2010) suggest that the 
duration of diabetes not only impacts glucose 
control but also influences other health outcomes,  
including vitamin D levels (38). This relationship 
underscores the importance of healthcare pro-
viders monitoring the vitamin D status as part of 
routine care for patients with prolonged diabetes.

The present study also highlighted the high 
prevalence of vitamin D deficiency among dia-
betic patients with diabetic polyneuropathy who 
had been undergoing treatment with metformin 
with sulfonylurea n = 235 (49.00%), in compari-
son to those with only metformin and treatment 
with metformin with DPP-4 inhibitors. Research 
has shown that combining metformin and sulfon-
ylurea is effective in managing T2DM. It's impor-
tant to be aware of potential adverse effects, such 
as vitamin deficiencies, when using these medi-
cations. In particular, the use of metformin may 
lead to reduced absorption of vitamin B12 (39). 
In long-term patients who continued to use sul-
fonylurea, studies have indicated that B12 levels 
were lower in 10 out of 17 observational studies of 
T2DM patients taking metformin, with reductions 
ranging from 28.00% to 48.00% (40). A deficiency  
in B12 can disrupt important metabolic func-
tions, potentially impacting the body's ability to 
metabolise vitamin D and potentially worsening 
bone density-related health issues. Furthermore, 
a cross-sectional study revealed a correlation  
between communities at risk of vitamin D defi-
ciency and the presence of anaemia due to B12 
deficiency (41). Our study compared the frequen-
cy of vitamin D deficiency among diabetic pa-
tients receiving different treatments. We found 
a high frequency of vitamin D deficiency among  
diabetic patients with diabetic polyneuropathy 
who were treated with metformin and sulfony-
lurea. This was observed in 49.00% of the patients 
in the study group of 235 individuals. This discovery 
emphasises the influence of B12 deficiency on 
vitamin D levels in diabetic neuropathy.

The study also revealed a significant incidence 
of vitamin D deficiency among diabetes patients 
with a moderate polyneuropathy score (n = 244) at 
50.10%, contrasting with individuals having mild 
and severe polyneuropathy scores. This retro-
spective, cross-sectional research involved Emi-
rati patients, including those from the secondary 
care unit at University Hospital Sharjah, and pro-

duced noteworthy findings. The study indicates 
that 50.00% of the individuals had painful diabetic  
neuropathy, and approximately two-thirds of the 
population exhibited inadequate vitamin D levels 
(42). Furthermore, a cross-sectional study carried 
out in Indonesia established a correlation between 
vitamin D levels and the severity of neuropathy,  
with moderate neuropathy accounting for 35.80% 
and severe neuropathy for 43.30% of the cases of 
vitamin D deficiency (23).

In individuals with T2DM, there is a significant 
association between DPN and vitamin D deficien-
cy. Studies show that a higher DPN score is linked 
to lower vitamin D levels, with some reports indi-
cating a higher prevalence of DPN in those with 
vitamin D deficiency (43). Specifically, patients 
with painful DPN tend to have lower serum vita- 
min D2 levels. According to a meta-analysis,  
diabetic people who have low vitamin D levels are 
1.22 times more likely to experience DPN than 
those with normal vitamin D levels (44).

Diabetic peripheral neuropathy is characterised 
by two main signs: hyperalgesia and neuropathic 
pain. These signs result from sensory and motor 
deficits caused by nerve injury in the extremities. 
The development and persistence of neuropathy 
are greatly impacted by hyperalgesia, which in-
volves an increased sensitivity to pain (45).

This study revealed a significant frequency of 
vitamin D insufficiency among diabetic patients 
with diabetic polyneuropathy who experienced 
hyperalgesia, in contrast to individuals with neuro- 
pathic pain. The study conducted a case-control 
comparison of neuropathy with and without pain, 
and the results were found to be important. Ac-
cording to the findings, individuals with vitamin D 
deficiency exhibited a notably higher NDS com-
pared to those with painful PDN (46). The study 
also observed that assessments of significantly 
high NDS scores, including the vibration percep-
tion test, cold sensation test, and warm sensation 
test, were abnormal in cases of vitamin D defi-
ciency with painful diabetic neuropathy. Elevated 
NDS scores were found to indicate hyperalgesia 
in DPN patients, where the body becomes more 
sensitive to pain and pain signals are heightened. 
The prevalence of vitamin D insufficiency was 
associated with hyperalgesia, a condition linked 
to increased pain sensitivity in various illnesses 
like DPN and fibromyalgia, as reported in previous 
studies (47).
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CONCLUSIONS
The study revealed a significant difference in 

serum vitamin D levels between diabetic patients 
with and without neuropathy. In southern India, 
a significant 88.54% of individuals were found to 
be deficient in vitamin D, especially those with 
diabetic neuropathy. Subnormal vitamin D levels 
were more common in DPN patients who were 
obese and had long-term uncontrolled diabetes. 
This suggests that the occurrence and prognosis 
of DPN are influenced by multiple factors, with  
vitamin D levels potentially playing a vital role. The 
link between vitamin D levels and DPN deserves 
careful consideration, and further interventional 
studies involving larger numbers of patients may 
provide additional evidence.

Limitations of the study
The small number of sites included in this 

study was one of its main shortcomings. To provide  
a more accurate representation of the South Indian  
population, a multicentre study would be appro-
priate. Furthermore, due to the study being  
conducted in a hospital setting, the findings may 
not be applicable to the general public. Addi-
tionally, the vitamin D levels of patients without 
neuropathy were not compared in this study. It is  
evident that clinical trials and further research 
are crucially needed.
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Supplement Material  

Application details for the QST measurement: 

The testing was conducted in a space free from interruptions and distractions, with an air 

conditioner set at 22°C. With the use of an adjustable chair, the patients' positions were brought 

into harmony with the examination table. Test stimuli were provided to ensure that all patients 

understood the procedure, along with information regarding the testing's progression. In order 

to prevent the patients from seeing the level of the stimulus, the computer screen was turned 

away. The third finger was used for vibratory testing, while the dorsal side of the hand was 

selected for temperature testing. The patients' and healthy volunteers' upper extremities were 

examined, and the findings were noted. 

Vibratory testing: 

A component of the system, in the form of a lump of putty, was placed on the middle finger as 

the test site. The stimulator was positioned in the region between the fingernail and the distal 

interphalangeal joint. The system supplied putty and sponges to ensure the patients remained 

still during testing and to eliminate potential causes of external vibrations. 

Thermal testing: 

Before the test, the researchers made sure the participants' hands were dry and, if necessary, 

dried them with a towel. The 3x3 cm thermal stimulator was securely positioned on the dorsal 

side of the hand using velcro straps to ensure complete contact and participant comfort. Skin 

temperatures were measured using the QST system, and all stimuli were administered following 

the measurements and prior to each thermal test. The investigation employed the '4-2-1' 

method, one of the algorithms available for the Case IV system, to assess sensory thresholds. 

The researcher begins by testing and establishing the estimated threshold in this algorithm. 

Based on this predicted threshold, 20 stimuli are administered to the patient at each 

measurement. The strength of the subsequent stimulus is determined by the participants' 

answers; if they are unable to experience the stimulus, the subsequent stimulus is often more 

intense. The gadget randomly presents null stimuli among all these stimuli, and the accuracy of 

the participants' answers is examined because it is anticipated that they will respond negatively 

to them. The test is repeated for that component once three positive responses to the null 

stimuli are received. 

 

A thermal stimulator was utilised to apply increasing thermal stimuli using a non-repeating 

ascending null stimuli algorithm to measure the heat pain threshold (HPT) stimulus. During the 

stimulation, participants rated their pain levels on a numerical scale ranging from 0 (indicating 



no pain) to 10 (representing the worst conceivable pain). The test concluded when the 

discomfort reached a level corresponding to five on the numerical scale. Temperature values 

were recorded in comparison to the numerical scale, where the initial bothersome level 

corresponded to numerical scale 1 (HPT 0.5) and the pain level corresponded to 5 (HPT 5). 

Additionally, the difference between HPT 0.5 and HPT 5 (HPT 0.5–5) was calculated to 

demonstrate the fluctuation of pain scales with temperature. 

Neuropathic pain screening: 

Subjective Peripheral Neuropathy Screen Questionnaire (SPNSQ) 

 
Neuropathic symptom 

Do you ever have legs and/or feet that feel numb? 
Do you ever have any burning pain in your legs and/or feet? 
Are your feet too sensitive to touch?  
Do you get muscle cramps in your legs and/or feet? 
Do you ever have any prickling or tingling feelings in your legs or feet? 
When you get into the tub or shower, are you unable to tell the hot water from the cold 
water with your feet? 
Do you ever have any sharp, stabbing, shooting pain in your feet or legs? 
Do you feel weak when you walk? 
Are your symptoms worse at night? 
Do your legs and/or feet hurt when you walk? 
Are you unable to sense your feet when you walk? 
Is the skin on your feet so dry that it cracks open? 
Have you ever had electric shock-like pain in your feet or legs? 

 

 Yes No 

Pain   

characteristic   

Burning Painful cold   

Electric shock Tingling   

Pins and needles   

Numbness   

Itching   

Hypoesthesia to touch   

Hypoesthesia to prick   

The pain is caused or increased by 

brushing 
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 ABSTRACT

OBJECTIVE  Inflammation plays an essential role in the development 
of insulin resistance and type 2 diabetes. The objective of this study was 
to evaluate the effects of inflammatory markers (hs-CRP and fetuin-A) 
on glycemic control in Iraqi women patients with type 2 diabetes, and to  
examine the correlation of these markers with indices of glycemic control.

METHODS  This case-control study included 45 Iraqi type 2 diabetic 
female patients and 44 non-diabetic Iraqi female patients matched for 
age and sex as control subjects. For both patients and controls hs-CRP 
and fetuin-A were measured using ELISA, HbA1c by the turbidimetric  
immunoassay, FBG and lipid profile measures using the spectrophotometer 
method.

RESULTS High levels of both fetuin-A and hs-CRP were observed in dia-
betic patients compared to the healthy controls. hs-CRP was significantly 
higher in the diabetic group 3.1 ± 0.59 mg/dL than the control 1.22 ± 0.66 
mg/dL and was statistically significantly correlated with the marker of 
glycemic control (p < 0.001). The serum level of fetuin-A in the diabetic 
group (768.7 ± 173.03 µg/mL) was also significantly higher than that of 
control (311.95 ± 94.13 µg/mL) (p < 0.001). A strong positive correlation 
was observed between fetuin-A concentrations with serum hs-CRP con-
centrations in the diabetic individuals but not in the controls. 

CONCLUSIONS Diabetic Iraqi women have higher inflammatory markers 
(fetuin-A and hs-CRP) than non-diabetic women. A strong association 
was observed for these inflammatory biomarkers and glycemic control in 
diabetic subjects.  

 KEYWORDS  inflammatory biomarkers, type 2 diabetes, fetuin-A, high  
 sensitivity C-reactive protein
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INTRODUCTION
Diabetes is a chronic disease that represents 

a major health problem and a great challenge to  
healthcare provision worldwide. Presently, there 
is great attention toward diabetes due to its 
growing prevalence. Because of this rapid rise, 
the disease was classified as “epidemic” by the 
Centres for Disease Control and Prevention in 

the USA in 2007. The type 2 diabetes mellitus 
population world-wide is predicted to rise to 629 
million by 2045 (1). Among all types of diabetes, 
type 2 diabetes represents the most common 
form, accounting for 90–95% of all cases. The  
aetiology of the condition involves interaction 
between both genetic and environmental factors. 
According to Genome-Wide Association Studies  
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(GWAS), the risk of type 2 diabetes is related to 
more than 80 loci (2). During the last decade, 
epigenetic mechanisms have been proposed as 
being involved in disease development and pro-
gression. Environmental factors such as obesity 
and sedentary lifestyle are considered the most 
common factors increasing the risk of getting the 
disease. These factors also contribute substan-
tially to the development of insulin resistance. 
Cumulative evidence has shown that inflamma-
tion plays a crucial role in the development of 
insulin resistance. Many inflammatory cytokines, 
such as  TNFα, IL-32 and IL-6, have been shown 
to be associated with insulin resistance (3).  
Improved understanding of the exact mechanisms 
of developing diabetes, findings about other bio-
markers and their interaction could potentially 
help improve disease management or even pre-
vention. A dual effect of inflammation on type 2 
diabetes has been observed:  inflammation has 
been shown to cause insulin resistance, and in  
patients with overt diabetes, it also causes deterio- 
ration of glycemia as reflected by increasing  
levels of glycated haemoglobin- HbA1c (4). 

High sensitivity C-reactive protein (hs-CRP) 
represents an important sensitive inflammatory 
marker of tissue damage and is used as an indica-
tor which links inflammation with type 2 diabetes. 
Another emerging inflammatory biomarker of 
interest is fetuin-A, a Heremans Schmid alpha-2  
glycoprotein (AHSG) that is secreted by liver cells (5). 

In-vitro studies, fetuin-A has been shown to 
cause insulin resistance by inhibiting insulin  
receptor’s  tyrosine kinase, leading to impairment 
of insulin signalling in in muscle and fat cells (6). 

Epidemiologically, in several prospective studies 
a link between a high level of fetuin-A and diabetes 
incidence has been reported (7, 8). 

Our study aimed to evaluate the influence of 
inflammatory markers (hs-CRP and fetuin-A) on 
glycemic control in Iraqi women patients with 
type 2 diabetes, and to examine the correlation 
of these markers with indices of glycemic evalua- 
tion.

METHODS  
Subjects

This case-control study included a total 90 
female individuals aged 36-66 years of whom 
45 were patients with type 2 diabetes recruited 
during routine visits to the specialized endocrine 

clinic of Dyala Teaching Hospital, Dyala, Iraq, 
between October 2020 and March 2021. An addi- 
tional 45 age-matched healthy female subjects 
with no history of diabetes as confirmed by normal  
fasting plasma glucose and normal glycated hemo- 
globin levels were included as controls. 

Exclusion criteria included women of other 
nationalities (non-Iraqis) and women with other 
endocrine abnormalities or inflammatory condi- 
tions such as chronic arthritis, chronic kidney 
disease and heart disease. The study was ethically  
approved according to national and/or interna-
tional rules by the scientific committee of the  
Department of Chemistry and Biochemistry, Col-
lege of Medicine, Mustansiriyah University. Verbal 
and signed consent of agreement were obtained 
from all participants. 

Body mass index (BMI) of participants was 
calculated using the formula weight (kg)/square 
height (m2).  

For blood analysis, a fasting venous blood sam-
ple was obtained from all participants. HbA1c was 
measured using anti-coagulated whole blood (SD 
A1cCareTM System, Biosensor, Suwon-si, South 
Korea). 

Spectrophotometric methods were used to 
examine serum samples including biochemical 
tests, fasting blood glucose (FBG), total choles-
terols (TC), triglycerides (TG), low-density lipo-
protein (LDL) and high-density lipoprotein (HDL) 
(Biolabo, Maizy, France).

Fetuin-A measurement was performed by en-
zyme-linked immune sorbent assay using ELISA  
kits from Abcam Company, Cambridge, UK 
(ab108855-fetuin A (AHSG) Human ELISA Kit and  
Human hs-CRP: ELISA Kit, Catalog No: MBS2506093- 
96T, MyBiosource, San Diego, San Diego, USA.

Data analysis
Data was analyzed using GraphPad Prism 8.0.2 

(263).  A mean ± standard deviation was used to 
describe the data. After testing data distribution 
using suitable tests, the significance of difference 
was tested using Student’s t-test.

Correlation analysis was performed using 
Pearson’s correlation for variables and the t-test 
was used for determining the statistical signifi-
cance of the correlations. The correlation coeffi-
cient values (r) were either positive (having direct 
correlation), or negative (having inverse correla-
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tion). Statistical significance was considered to 
be p < 0.05.

RESULTS
The demographic and clinical characteristics 

of subjects enrolled in the study are presented  
in Table 1. No age or BMI differences were  
observed between type 2 diabetes and healthy 
subjects. Both lipid profiles and glycemic indexes 
showed significant differences between groups  
(p < 0.0001).

The graph in Figure 1 is a representative of 
the comparison study of biomarkers between 
patients and controls. fetuin-A level was signifi- 
cantly higher in the diabetic group compared to 
the healthy control (p < 0.0001). The same obser-
vations were conducted regarding hs-CRP, total 
cholesterol, triglycerides and LDLc. The level of 
HDL was significantly lower in the diabetic group 
compared to the control p < 0.0001.

The correlation analysis of study parameters 
with fetuin-A in diabetic patients and control is 
presented in Figure 2. A positive correlation was 

observed between fetuin-A and both FBS and 
HbA1c in diabetics:  r = 0. 723, p < 0.0001 and r = 
0.811, respectively, p < 0.0001. No such correlation 
was observed in the controls. A positive correla-
tion between fetuin-A and BMI was observed in 
both groups, but it was higher in the diabetics 
compared to control. A positive correlation was 
detected between Fetuin-A and age in the control 
group r = 0. 482, p < 0.05, but no such correlation 
was observed in the type 2 diabetic patients.

Figure 3 presents the correlation analysis of 
the study parameters with serum high sensitivity  
C-reactive protein in both diabetic patients and 
controls. A positive correlation was observed  
between hs-CRP and both FBS and HbA1c in the 
diabetics:  r = 0. 826, p < 0.0001 and r = 0.781, p < 
0.0001, respectively. No such correlation was ob-
served in the controls. A positive correlation was 
observed in both groups between hs-CRP and 
BMI, but it was higher in the diabetics compared 
to the control.  A positive correlation was detected  
between hs-CRP and age in both the control 
group and the type 2 diabetic patients.

Table 1. Anthropometric characteristics of the study subjects

Type 2 diabetes patients 
No (45)

Healthy
No (45)

p-value

Age (years)
Mean±SD (range)

BMI (kg/m2)
Mean±SD (range)      

BMI (kg/m2)
Normal (18.5-24.9)
Overweight (25-29.9)
Obese (≥30)

FBG (mg/dL)
Mean±SD (range)

HbA1c %  
Mean±SD (range) 

Total cholesterol (mg/dL)
Mean±SD (range)

TGL (mg/dL)
Mean±SD (range)

LDLc (mg/dL)
Mean±SD (range)

HDLc (mg/dL)
Mean±SD (range)

47.98±8.43 (29-68)

27.48±2.133 (22.61-32.14)

4 (8.9%)
37 (82.2%)
4 (8.9%)

227±74.39 (111-365)

8.82±2.53 (4.25-13.56)

278.5±56.22 (166-422)

302.8±117.7 (141-631)

188.2±62.67 (62.6-342.6)

29.8±10.6 (17-54)

48.32±7.34 (36-66)

27.38±2.02 (22.11-30.93)

8 (17.8%)
30 (66.6%)
7 (15.6%)

88.55±15.83 (65-125)

4.46±0.75  (3.1-6.84)

167.5±23.60 (122-237)

187±27.14 (129-260)

98.16±24.21 (35-161)

42.59±10.46 (30-67)

0.073ns

0.8185ns

0.0001*

0.0001*

0.0001*

0.0001*

0.0001*

0.0001*

*Significant difference between two independent means using Students-t-test at 0.05 level;  
nsmeans no significant difference, * means there is significant difference
BMI, body mass index; FBS, fasting blood glucose; TGL, total triglycerides; LDLc, low density 
lipoprotein cholesterol; HDLc, high density lipoprotein cholesterol
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Figure 1. Graphs representative of the means measures for groups of the study (black bars - type 2 diabetes group; gray bars - healthy 
control group. A) represents the results of fetuin-A, B) represents serum hs-CRP, C) represents total cholesterol, D) represents triglyc-
erides, E) for high density lipoprotein cholesterol and F) for low density lipoprotein cholesterol. Differences between means calculated 
by unpaired student t test; **** indicates p <0.0001

DISCUSSION
To our knowledge, this is the first study inves-

tigating the role fetuin-A and hs-CRP in glycemic 
control in Iraqi type 2 diabetes patients. The main 
results obtained from the current study are that  
statistically significantly higher levels of both  
fetuin-A and hs-CRP were observed in the diabetic  
group compared to the healthy controls. Further-
more, high significant positive correlations were 
observed between the level of glycemia and both 
fetuin-A and hs-CRP.

Glycemic control is the major target for man-
agement of type 2 diabetes. Advanced glycation 
end products (AGEs) like HbA1c represent the best 

reflection of the level of glycemic control. More 
than three decades ago, the American Diabetes 
Association recommended the use of HbA1c for 
routine monitoring of patients with diabetes (9). 
In addition, a significant reduction in HbA1c per-
centage has been shown to significantly reduce 
the onset and progression of diabetic associated 
complications (10, 11). Chronic inflammation is a 
direct cause and results in the complications asso- 
ciated with type 2 diabetes (12). 

High HbA1c that results from chronic hyper-
glycemia can increase expression of pro inflam-
matory factors and initiate signals that lead to 
hepatic CRP production in diabetic and obese 
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Figure 2. Graphs representative of correlation analysis of serum fetuin-a level with fasting blood sugar (FBS), glycated 
hemoglobin (HbA1c), age, and body mass index (BMI): left panel in red for the type 2 diabetes group and right panel in blue 
for the control group. A) and B) are correlation analyses of both type 2 diabetes and control groups for serum fetuin-a and 
FBS in mg/dL; C) and D) are correlation analyses for fetuin-a and HbA1c%; E) and F) are fetuin-a and age in years; G) and 
H) are fetuin-A and BMI in kg/m2
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Figure 3. Graphs representative of correlation analyses of serum high sensitivity C-reactive protein (hs-CRP) level with 
fasting blood sugar (FBS), glycated haemoglobin (HbA1c), age, and body mass index (BMI) in the left panel in green for the 
type 2 diabetes group and in the right light blue for the control group. A) and B) are correlation analyses of both type 2 
diabetes and control groups for serum hs-CRP and FBS in mg/dL; C) and D) are hs-CRP and HbA1c %; E) and F) are hs-CRP 
and age in years; G) and H) are hs-CRP and BMI in kg/m2
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subjects. Tan and Chow suggested that proin-
flammatory cytokine-like IL-6, tumor necrosis 
factor α and IL-1 are all primary signals that act 
on tissues through their downstream CRP (13). 

In the current study, hs-CRP as a sensitive in-
flammatory marker was shown to be high in the 
diabetic group 3.1 ± 0.59 mg/dL compared to the 
control 1.22 ± 0.66 mg/dL and was significantly 
correlated p < 0.001 with the marker of chronic 
hyperglycemia, HbA1c, as well as with body mass 
index BMI as a contributor to insulin sensitivity. 

Additionally, a large body of evidence has 
shown that an elevated concentration of inflam-
matory markers in patients with type 2 diabetes 
affects can affect insulin sensitivity and function. 
Examples of these inflammatory markers include 
C-reactive protein (CRP) (14), fibrinogen (15) and 
thrombin (16). The same observation was noted in 
our study that hs-CRP in type 2 diabetes was sig-
nificantly higher than that observed in controls. 
The value of hs-CRP in the diabetic group put 
them at high risk for diabetic CVD complications. 

Fetuin-A, a hepatic-produced glycoprotein 
(hepatokine), performs a variety of functions in 
humans, including skeletal, metabolic and anti- 
inflammatory functions (17). The focus of the 
current study is the association of fetuin-A with 
type 2 diabetes and glycemia. Previous studies 
have shown the existence of association of risk 
of type 2 diabetes with elevated fetuin-A levels (7, 
18). The proposed mechanisms of this association 
include, firstly, that fetuin-A has been shown to 
inhibit insulin-stimulated insulin receptor tyrosine  
kinase which then alters the insulin signaling 
pathway and then leads to insulin resistance (19, 
20). Secondly, genetic-based association studies 
described in many scientific papers show that the 
gene encoding fetuin-A represents type 2 diabe-
tes susceptibility loci (21). In addition, fetuin-A 
has been shown to be associated with obesity and 
inflammation, the major risk factors for type 2  
diabetes. Both experimental and clinical data 
have shown the role of fetuin-A in obesity (14).  

In the current study, the serum level of fetu-
in-A in the diabetic group (768.7 ± 173.03 µg/mL) 
was significantly higher than that of the control 
(311.95 ± 94.13 µg/mL) (p < 0.001). These results 
are in concordance with results of a previous 
study by Song (22) as well as Lorant and Grujicic 
(23). Furthermore, in the current study a positive 

correlation was observed between fetuin-A and 
the level of glycemia represented by HbA1c and 
fasting glucose. These results are in agreement 
with a study by Yin (24) performed on newly  
diagnosed type 2 diabetes individuals and another  
study which included women with gestational  
diabetes mellitus (25).

The association of fetuin-A concentrations 
with serum hs-CRP concentrations is still contro- 
versial. On one hand, serum CRP concentrations 
have been found to be positively associated with 
metabolic syndrome and fetuin-A level, and 
these studies have also implicated fetuin-A in the 
pathogenesis of subclinical inflammation (26). On 
the other hand, studies such as that performed 
by Ombrellino (27) as well as Song (22) showed no 
correlation or even that the serum level of fetu-
in-A can modulate or downregulate the inflam-
matory response. In our study, a strong positive 
association was observed between fetuin-A con-
centrations with serum hs-CRP concentrations 
in diabetic individuals, but no such relation was  
found in the controls. These results provide addi- 
tional evidence supporting previous studies which 
have observed that inflammation and fetuin-A 
are involved in the pathogenesis and progression 
of type 2 diabetes and its complications.

CONCLUSIONS
Fetuin-A levels are higher in type 2 diabetic 

Iraqi women patients compared to non-diabetic 
controls. The increased level of fetuin-A in diabetic  
groups is associated with glycemic control and 
with the level of systemic inflammation. The high 
level of inflammatory markers could have a role in 
diabetic complications and could be considered 
in modulating the modality of therapy in those 
patients.

Recommendations
Further study exploring the mechanisms that 

involve lower glycemic control with elevated  
fetuin-A levels and the effects of different treat-
ment regimens on these inflammatory factors is 
needed.
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 ABSTRACT

OBJECTIVE  The fundamental aim of periodontal therapy is to pro-
mote the regeneration of tissues affected by the disease. In recent times, 
there has been a rising trend in using guided tissue regeneration (GTR) 
membranes. These membranes are increasingly relied upon to direct the 
growth of gingival tissue away from the root surface. Both resorbable and 
non-resorbable membranes presently in use serve as physical barriers, 
hindering the infiltration of connective and epithelial tissues into the  
defect area, thus fostering periodontal tissue regeneration.  This study aims 
to develop a polymeric membrane reinforced with carrageenan and zinc  
oxide nanoparticles and assess its potential for periodontal regeneration.

METHODS  3g of dried Kappaphycus was mixed with 100 mL of distilled 
water in a container and autoclaved for 15 minutes at 121 degrees Celsius.  
After cooling, the mixture was blended thoroughly for carrageenan  
extraction. Then, 1.5 g of PEG 6000 was added as a plasticizer. Zinc oxide 
nanoparticles (ZnO) were added and homogenized into the carrageenan 
extract. The mixture was microwave-boiled for 2 minutes, poured onto a 
petri dish, and air-dried for 24 hours. Further drying at 50 degrees Celsius 
for 2 hours ensured complete moisture removal. Finally, the membrane 
was carefully peeled from the petri dish for testing and use. The mem-
brane underwent SEM, tensile strength, Fourier transform infrared, and 
antimicrobial activity analysis.

RESULTS Scanning electron microscopy analysis revealed a densely 
packed and moderately rough surface in the ZnO-incorporated mem-
brane, with a broader particle size distribution (1.28 ± 3.67 µm) compared 
to the smoother carrageenan-only membrane (1.15 ± 1.68 µm). Tensile 
testing showed improved mechanical strength in the ZnO composite 
(6.89 MPa) relative to the plain carrageenan membrane (5.39 MPa). FTIR 
spectra confirmed successful integration of ZnO nanoparticles through 
characteristic Zn–O peaks, along with preserved polysaccharide func-
tional groups. Antimicrobial activity, evaluated via OD600 measurements 
over 4 hours, demonstrated time- and size-dependent bacterial inhibition 
against S. mutans, with the 4 cm² membrane showing superior perfor-
mance, comparable or superior to chloramphenicol at later time points. 

CONCLUSIONS The developed membrane reinforced with carrageenan 
and zinc oxide nanoparticles exhibited adequate tensile strength and suf-
ficient antimicrobial properties, suggesting its suitability for utilization in 
periodontal therapy as an effective regenerative material.  

 KEYWORDS  biomaterials, carrageenan, guided tissue regeneration,  
  nanoparticles
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INTRODUCTION
The human periodontium comprises several 

components, including the alveolar mucosa, gin-
giva, periodontal ligament, root covering cemen-
tum, and alveolar bone. Periodontitis, a prevalent 
pathological condition, results from persistent 
bacterial-induced inflammation of the gingival  
tissue, leading to progressive and irreversible 
damage to the periodontium (1). Left untreated, it 
can lead to soft tissue and hard tissue damage, ulti- 
mately tooth loss. Hence, there’s a pressing need 
for restorative procedures to ensure complete and 
functional regeneration of periodontal tissues.

Guided tissue regeneration (GTR) techniques 
are employed for bone regeneration in periodon-
tal cases. GTR aims to create a mechanical barrier 
around the affected periodontal area to facilitate 
new bone formation (2). The barrier membranes 
used in GTR must meet specific criteria, including 
mechanical obstruction, biocompatibility, biologi- 
cal functionality, resistance to exposure, natural  
degradation, and adequate porosity for new blood 
vessel formation (3). These membranes are clas-
sified into non-resorbable and resorbable types. 
While non-resorbable membranes like expanded 
polytetrafluoroethylene (e-PTFE) are common, 
they require removal post-healing. Resorbable 
membranes address this issue, but often lack suf-
ficient mechanical properties for soft tissue re-
covery (4).

Growing apprehensions about the ecological  
consequences of synthetic materials and the 
exhaustion of fossil fuels utilized in their manu-
facturing processes are becoming more appar-
ent. This highlights the significance of advancing  
eco-friendly materials, such as biomaterials sourced 
from natural reservoirs, including polysaccha-
rides, proteins, and lipids. To address these chal-
lenges, our study focuses on developing a novel 
polymeric membrane reinforced with carrageenan  
and zinc oxide nanoparticles (ZnO).

Carrageenans (CG) are naturally occurring 
sulfated polysaccharides extracted from red al-
gae. Under specific conditions, they form a heli-
cal structure similar to collagen (5).

CG demonstrate high solubility in water and 
are frequently employed as gelling agents within 
the food industry (5). Nonetheless, there is lim-
ited documentation regarding their utilization 
in membrane preparation. There are three main 

types of carrageenan, each with distinct prop-
erties (6). κ-CG, the most abundant type, forms 
strong gels in the presence of potassium salts, 
while λ-CG acts solely as a thickening agent (7).  
The primary limitations of these polymeric mem-
branes include their inadequate mechanical char-
acteristics and their propensity for high solubility  
in aqueous environments. Consequently, it is im-
perative to incorporate nanoparticles into the 
polymer matrix to enhance mechanical properties  
and mitigate solubility (8).

ZnO  exhibit significant antimicrobial activity 
and can interact with bacterial surfaces, entering 
the cell and exhibiting distinct bactericidal mech-
anisms (9). They are effective against various  
microorganisms like Escherichia coli, Pseudomonas 
aeruginosa, Klebsiella pneumonia, Pseudomonas 
vulgaris, Candida albicans, and Aspergillus niger 
(10) and also possess anti-inflammatory proper-
ties (11).

Taking advantage of the individual benefits of 
these materials, our study aims to fabricate a CG 
and ZnO reinforced polymeric membrane and 
evaluate its potential for periodontal regenera-
tion. Assessing various properties of this formu-
lation can enhance its suitability for clinical use in 
periodontal therapy.

METHODS
3 grams of dried Kappaphycus (Natural Rem-

edies Pvt. Ltd., Bangalore, India) were combined 
with 100 milliliters of distilled water in a container  
(Figure 1). This mixture was then transferred to 
an autoclave-safe container and autoclaved at 
121 degrees Celsius for 15 minutes before being  
allowed to cool to room temperature. Once cooled,  
the mixture was thoroughly blended to aid in 
breaking down the Kappaphycus material for car-
rageenan extraction. After extraction, 1.5 grams 
of polyethylene glycol (PEG 6000) were added 
to the extract to act as a plasticizer, enhancing 
the flexibility and handling properties of the final 
membrane.

Subsequently, the required quantity of ZnO 
nanoparticles was introduced into the carra-
geenan extract mixture and thoroughly homog-
enized to achieve even dispersion (Figure 2). The 
mixture was subjected to microwave boiling in a 
container safe for microwave use for 2 minutes to 
effectively blend the components.
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Following this, the liquid mixture was poured 
onto a petri dish using the film casting technique 
and spread evenly to create a thin, uniform film 
(Figure 3).

Afterward, the film was left to air dry for 24 
hours to remove excess moisture and solidify into 
a membrane. Following air drying, the membrane 
underwent additional drying at 50 degrees Celsius 
for 2 hours to ensure thorough moisture removal. 
Once dried, the membrane was delicately peeled 
off the surface of the petri dish, making it ready 
for testing and subsequent utilization (Figure 4).

                           
Morphology of the membrane

For Scanning Electron Microscopy [SEM anal-
ysis], the samples were examined utilizing the 
FEI Quanta FEG 650 SEM [JSM IT-800, JEOL Ltd., 
Akishima, Tokyo, Japan]. Both the surface and 

cross-sections of the membrane were photo-
graphed at magnifications of 500X.

Tensile strength measurement
To assess tensile strength, the membrane 

was divided into smaller sections and affixed to 
the testing equipment with the cut ends. Tensile 
load, measured in MPa units, was incrementally 
applied to the membrane at a predefined rate un-
til it fractured. Recorded data encompassed the 
tensile load observed at the moment of fracture. 
This examination was carried out utilizing a uni-
versal testing machine (Figure 5).

                                 
Fourier transform infrared (FTIR)

FTIR analysis was carried out using a BRUKER 
FTIR spectrometer. Attenuated total reflectance 
fourier transform infrared (ATR-FTIR) spectra were 
obtained from dry films to explore chemical inter-
actions among carrageenan, ZnO, and other com-
ponents involved in the manufacturing process.

Figure 1. Kappaphycus seaweed in a borosilicate glass 
beaker

Figure 2. Carrageenan incorporated with zinc oxide nano- 
particles

Figure 3. Film cast method of the carrageenan and zinc 
oxide nanoparticle membrane

Figure 4. The dried carrageenan and zinc oxide nanopar-
ticle membrane
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Antimicrobial activity of carrageenan and zinc 
oxide nanoparticle membrane

The antimicrobial activity of the carrageenan 
and zinc oxide nanoparticle-based membrane was  
evaluated against Streptococcus mutans (S. mutans)  
using a broth turbidity assay. Membrane discs of 
four different surface areas (1 cm², 2 cm², 3 cm²,  
and 4 cm²) were aseptically introduced into in-
dividual test tubes containing 5 mL of Mueller-  
Hinton broth inoculated with a standardized 
suspension of S. mutans. Chloramphenicol at a 
concentration of 5 mg/mL served as the positive 
control. All samples were incubated at 37 °C, and 
bacterial growth was monitored by measuring 
optical density (OD) at 600 nm using a UV-Vis 
spectrophotometer at regular intervals of 1, 2, 3, 
and 4 hours. A reduction in OD values indicated 
bacterial growth inhibition by the test membrane. 
Each condition was tested in a single replicate 
due to material constraints.

Statistical analysis 
Normality of the particle size data for the SEM 

analysis in each group was assessed using the 
Shapiro–Wilk test. Depending on the distribution,  
an independent samples t-test was applied to 
compare average particle sizes. Additionally, the 
F-test for equality of variances was used to evaluate 
differences in variance between groups.

RESULTS
The membranes were cut into 1 × 1 cm pieces 

and subjected to sterilization. Following steriliza-

tion, various evaluations were conducted, includ-
ing SEM analysis, tensile strength measurement, 
FTIR analysis, and antimicrobial activity assay.

Scanning electron microscopy (SEM) analysis
SEM allows for direct observation of the surface 

of solid objects, providing detailed insights into the 
morphological structure of the membrane. In this 
study, SEM analysis was conducted at 300× mag-
nification to evaluate the surface characteristics 
of the fabricated membranes. The membrane 
composed solely of carrageenan exhibited a rela- 
tively smooth and uniform morphology (Figure 6). 
In contrast, the membrane incorporating ZnO  
displayed a densely packed surface with moderate  
roughness, characterized by micro-scale pro-
trusions and depressions, along with a relatively 
narrow pore size distribution (Figure 7).

Particle size analysis was performed on the 
SEM images using image analysis software cali-
brated to a 10 µm scale bar. For the pure carra-
geenan membrane, 88 particles were measured, 
revealing an average particle size of 1.15 ± 1.68 µm 
(mean ± SD), with a distribution range from 0.17 
to 12.26 µm. The ZnO-incorporated membrane 
showed a more heterogeneous morphology; 36 
particles were analyzed with an average size of 
1.28 ± 3.67 µm and a distribution range from 0.17 
to 22.65 µm. The higher standard deviation and 
broader size range in the ZnO-containing mem-
brane suggest particle aggregation and structural  
modifications induced by the incorporation of 
ZnO  into the carrageenan matrix.

                                      
Tensile strength

The tensile strength of the fabricated mem-
branes was evaluated to qualitatively assess their 
mechanical integrity. The membrane incorporating  
ZnO into the carrageenan matrix exhibited a 
higher maximum tensile stress of approximately 
6.89 MPa, in contrast to 5.39 MPa for the mem-
brane composed of carrageenan alone. This in-
crease indicates that the incorporation of ZnO 
nanoparticles contributed to enhanced structural  
reinforcement, likely due to improved intermo-
lecular interactions and nanoparticle dispersion 
within the polymer matrix. However, owing to the  
preliminary scope of the study and limited avail-
ability of materials, tensile testing was performed 
on only a single membrane sample per formulation.

Figure 5. Universal testing machine, Model- Instron Ex-
pert Electropulse 3000
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FTIR analysis of carrageenan membrane
The FTIR spectrum of the pure carrageen-

an membrane (Figure 8) exhibited characteristic 
absorption bands corresponding to functional 
groups typically present in polysaccharides. A 
broad band at 3,393.12 cm-1 was attributed to O–H 
stretching vibrations, indicating the presence of 
hydroxyl groups involved in hydrogen bonding. A 
peak at 2,938.77 cm-1 was due to C–H stretching 
of aliphatic –CH2 groups.

The absorption band at 1,611.03 cm-1 likely rep-
resented C = O stretching or O–H bending from 
absorbed moisture. Peaks observed at 1,456.06 
cm-1 and 1,408.96 cm-1 were assigned to CH2 bending  
vibrations and symmetric COO− stretching, res- 
pectively, suggesting the presence of carboxylate  
groups. A strong peak at 1,238.56 cm-1 corre-
sponded to S = O stretching vibrations, indicative 
of sulfate ester groups typical of sulfated poly-
saccharides like carrageenan.

Further, peaks in the region 1,147.35 to 1,021.24 
cm-1 were attributed to C–O–C ether linkages  
and C–O stretching, representing glycosidic 
bonds in the polymer backbone. The fingerprint 
region below 930 cm-1, including peaks at 928.31, 
845.21, 772.24, and 578.29 cm-1, corresponded to 
C–O–S stretching, sugar ring skeletal vibrations, 
and other out-of-plane bending modes. These 
findings confirmed the presence of key functional 
groups such as hydroxyl, carboxylate, sulfate, and 
ether linkages, consistent with the structural fea-
tures of carrageenan.

FTIR analysis of carrageenan–ZnO nanocom-
posite membrane

The FTIR spectrum of the carrageenan mem-
brane infused with ZnO  (Figure 9) showed absorp- 
tion bands characteristic of both the polysaccha-
ride backbone and the incorporated inorganic  
phase. A broad peak at 3,353.32 cm-1 was attrib-

Figure 6. Scanning electron microscopy  analysis of the 
carrageenan membrane

Figure 7. Scanning electron microscopy  analysis of the 
carrageenan and zinc oxide nanoparticle membrane

Figure 8. Fourier transform infrared spectra of carrageenan membrane
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uted to O–H stretching vibrations, reflecting 
hydroxyl groups involved in hydrogen bonding 
within the carrageenan matrix. A peak observed 
at 2,885.91 cm-1 was assigned to C–H stretching 
from methylene groups.

The band at 1,644.39 cm-1 was likely due to C=O 
stretching or O–H bending from residual water 
content or carboxylate groups. Peaks at 1,458.30 
cm-1 and 1,406.93 cm-1 corresponded to CH2 
bending and COO− symmetric stretching, respec-
tively, indicative of aliphatic hydrocarbon chains 
and carboxylate functionalities. A strong band at 
1,236.42 cm-1 was assigned to S = O stretching, 
confirming the presence of sulfate ester groups 
within the sulfated polysaccharide.

The spectral region between 1,090.42 and 
1,006.02 cm-1 exhibited strong bands correspond-
ing to C–O–C and C–O stretching vibrations, asso- 
ciated with glycosidic linkages in the carrageenan  
polymer. Additional sharp peaks at 857.27 cm-1, 
701.82 cm-1, and neighboring lower wavenumbers  
were attributed to Zn–O bond stretching vibra-
tions, providing spectral evidence for the suc-
cessful incorporation of ZnO  into the membrane.  
These Zn–O peaks were distinct from the typical  
polysaccharide signals and indicated interac-
tion between the ZnO nanoparticles and func-
tional groups (such as hydroxyl or sulfate) in 
the carrageenan matrix. Collectively, the presence  
of characteristic hydroxyl, carboxylate, sulfate, 
ether, and metal-oxygen (Zn–O) vibrational modes 

confirmed the formation of a hybrid organic– 
inorganic membrane and supported the success-
ful integration of ZnO within the carrageenan 
network.

Antimicrobial activity 
The antimicrobial efficacy of the carrageenan– 

zinc oxide nanoparticle membrane was evaluated  
over time by measuring the OD at 600 nm. A gen-
eral decline in OD values indicated effective bac-
terial inhibition (Figure 10).

At 1 hour, all membrane sizes showed mod-
erate antimicrobial activity, with OD values de-
creasing progressively from the 1 cm² to 4 cm² 
membranes, suggesting a dose-dependent effect. 
The 4 cm² membrane exhibited the lowest OD 
(~0.14), while the 1 cm² membrane showed higher  
turbidity (~0.26), indicating lesser inhibition. 
Chloramphenicol, the positive control, had an OD 
of ~0.30.

At 2 hours, the 1 cm² membrane showed the 
highest OD (~0.36), indicating poor inhibition, while  
the 4 cm² membrane maintained a lower OD 
(~0.18), comparable to chloramphenicol (~0.22), 
demonstrating effective bacterial suppression 
with a larger membrane size.

At 3 hours, all membranes showed a notable 
decrease in OD values (~0.14–0.18), approaching 
the efficacy of chloramphenicol (~0.18), indicating 
time-dependent enhancement of antimicrobial 
activity.

Figure 9. Fourier transform infrared  spectra of carrageenan and zinc oxide nanoparticle membrane
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By 4 hours, the 2 cm² and 4 cm² membranes 
demonstrated the highest bacterial inhibition 
(OD ~0.30 and ~0.31, respectively), surpassing the 
chloramphenicol control (OD ~0.16), whereas the 
3 cm² membrane showed lower OD (~0.18), indi-
cating better performance.

                              
DISCUSSION

Periodontitis is a chronic inflammatory disease 
of the supporting structures of the teeth, primarily  
caused by bacterial biofilm accumulation (12). It 
leads to progressive destruction of the perio-
dontal ligament and alveolar bone, often result-
ing in tooth mobility and eventual tooth loss if 
left untreated. One of the hallmark manifesta-
tions of advanced periodontitis is the formation 
of intrabony defects, vertical bone loss patterns 
confined within the bone walls (13). These defects 
present a significant clinical challenge due to 
their complex anatomy and limited self-regener-
ative capacity. Effective management of intrabody  
defects is crucial for restoring periodontal health 
and function, often requiring regenerative strat-
egies such as bone grafts, barrier membranes, or 
bioactive materials to promote tissue regenera-
tion and bone fill.

GTR utilizes membranes as mechanical barriers 
to create a secluded space around periodontal 
defects, preventing the rapid migration of epithe-
lial and connective tissue cells into the wound 
area. This selective repopulation encourages the 
regeneration of the periodontal ligament, ce-
mentum, and alveolar bone (14). Although current 
GTR membranes have demonstrated potential in 
supporting partial periodontal regeneration, full 

and predictable regeneration remains elusive. 
Many available membranes are often associated 
with biocompatibility concerns, risk of immuno-
genicity, and high costs.

To overcome these limitations, there is a 
growing focus on developing naturally derived, 
biocompatible membranes that can provide 
both mechanical support and biological activity. 
In this context, carrageenan, a natural marine- 
derived polysaccharide, offers an attractive alter-
native due to its biodegradability, hydrophilicity, 
and gel-forming properties (15). When combined 
with zinc oxide nanoparticles (ZnO NPs)—known 
for their antimicrobial, anti-inflammatory, and 
osteoinductive properties the resulting com-
posite membrane holds promise for enhancing 
the regenerative microenvironment. Such carra-
geen-Zno NP-infused membranes not only act as 
physical barriers but may also actively promote 
tissue healing and prevent microbial contamina-
tion, making them highly suitable candidates for 
next-generation GTR applications.

Several studies have highlighted the individ-
ual advantages of carrageenan and ZnO. This 
study combines these materials to develop a pol-
ymeric membrane, leveraging their synergistic 
effects. CG, chosen for its biocompatibility and 
hydrophilic nature, is conducive to cell prolifera- 
tion and migration, essential in regenerative 
membrane applications like wound healing or tis-
sue engineering mechanisms, and has anti-viral 
activity (16). ZnO  with antimicrobial properties (17) 
complement carrageenan’s characteristics, offering 
a promising combination for periodontal regener-
ation.

Figure 10. Antimicrobial activity of carrageenan and zinc oxide nanoparticle membrane, with the X-axis representing the 
incubation time, and the Y-axis representing the optical density
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A study investigating bi- and tri-layer nanofi-
brous membranes formulated with sulfated poly- 
saccharide carrageenan for periodontal regenera-
tion reported favorable outcomes. The membranes 
maintained structural stability and demonstrated 
a sustained release of Ca² ions for at least three 
weeks, indicative of their potential to support  
osteoblast proliferation and enhance bone regener- 
ation in periodontal applications. (18).

Another study explored an antibiotic-loaded 
cellulose nanofiber and κ-carrageenan hydrogel 
which showed strong antibacterial effects against 
key periodontal pathogens, significantly increas-
ing MDA levels and reducing biofilm formation 
and bacterial activity, indicating promising po-
tential for periodontitis treatment (19).

A separate study focused on the fabrication and  
characterization of a stimuli-responsive scaffold/  
bio-membrane using a novel carrageenan biopol-
ymer for biomedical applications. The bio-mem-
brane exhibited a high strength of 89.21 MPa, 
surpassing that of commercial membranes. 
Moreover, its smooth surface favored cell adhesion 
and proliferation (20).

One study evaluated the preparation of a 
carrageenan- and fucoidan-silica nanoparticle–
based membrane for guided bone regeneration in 
dental implant sites, demonstrating its potential 
to promote osteoconduction. Another study in-
vestigated the applications of seaweed biopoly-
mers, highlighting their effectiveness in scaffolds, 
due to their favourable biocompatibility and bio-
active properties (21, 22).

ZnO nanoparticles were incorporated into the 
carrageenan-based membrane to enhance both 
its antimicrobial efficacy and mechanical perfor-
mance. ZnO nanoparticles contribute to bacterial 
inhibition through multiple mechanisms, including  
the generation of reactive oxygen species (ROS), 
disruption of bacterial cell membranes, and the 
release of Zn²2 ions, which are known to interfere 
with microbial metabolism and replication (23). 
Simultaneously, the nanoscale size and uniform 
distribution of ZnO within the carrageenan ma-
trix contribute to improved tensile strength and 
elasticity of the membrane, as reflected by the 
measured tensile strength of approximately 6.89 
MPa.

Several previous studies have highlighted the 
potential of combining carrageenan with rein-

forcing agents like ZnO to develop composite 
biomaterials with enhanced properties. Based on 
these insights, the present study aimed to develop  
a polymeric membrane that harnesses the syner-
gistic benefits of carrageenan’s biocompatibility  
and ZnO’s multifunctionality. The resulting mem-
brane demonstrates strong potential for applica-
tion in GTR, offering both antimicrobial protection 
and mechanical stability essential for periodontal 
healing.

In one study, an overview of recent progress in 
dental applications of ZnO  was provided. It stated  
that ZnO nanoparticles have osteoconductive 
ability, antibacterial activity, and flexibility suita-
ble for periodontal tissue regeneration (24).

In another investigation, the antimicrobial effi-
cacy of zinc against periodontal pathogens was 
examined, revealing its ability to hinder the vital 
functions, growth, and reproduction of various 
microorganisms and disrupting the integrity of 
bacterial cell walls (25).

Another study focused on the favorable prop-
erties of ZnO nanoparticles in promoting tissue 
integration of biomaterials. It was concluded that 
ZnO nanoparticles possess antibacterial proper-
ties and can enhance the cellular metabolic activity  
of fibroblasts and endothelial cells relevant for 
wound healing (26).

A study investigated the use of green nanoma-
terials such as zinc oxide and chitosan for their 
antimicrobial activity against oral pathogens, 
demonstrating significant inhibitory effects (27). 
Another study evaluated the antibiofilm efficacy 
of surface-modified gutta-percha incorporated 
with ZnO, revealing enhanced resistance to mi-
crobial colonization and improved potential for 
endodontic applications (28).

In our study, the polymeric membrane for-
mulated with carrageenan and ZnO  underwent 
in-vitro characterization. SEM analysis revealed 
that the pure carrageenan membrane had a 
smooth, uniform surface, ideal for controlled 
degradation. Incorporation of ZnO nanoparticles 
introduced micro-scale roughness, enhancing 
cell adhesion and regenerative interaction. The 
well-distributed surface features and moderate 
porosity are beneficial for periodontal applica-
tions. Particle size analysis confirmed success-
ful ZnO integration with favorable morphologi-
cal variation. These characteristics collectively 
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improve the membrane’s functional potential in 
GTR.

 These findings align with previous research, 
which investigated carrageenan-based antimi-
crobial bionanocomposite films incorporated 
with ZnO nanoparticles stabilized by melanin, 
revealing irregularly placed rod-shaped particles 
with protrusions and depressions (29).

The carrageenan–ZnO membrane showed a 
tensile strength of ~6.89 MPa, supporting its role 
in maintaining structural integrity during tissue 
regeneration. This mechanical property helps 
preserve space for tissue growth and prevents 
membrane collapse. Comparable findings were 
reported in a study showing 5.50 ± 2.62 MPa for 
κ-carrageenan/ZnO composites, aligning with 
the present results (30).

In FTIR analysis, the FTIR spectra confirmed 
the successful incorporation of ZnO into the 
carrageenan matrix. Characteristic peaks for 
hydroxyl, carboxylate, sulfate, and ether groups 
were present in both membranes, validating the 
structural integrity of carrageenan. In the ZnO- 
infused membrane, additional peaks corresponding 
to Zn–O stretching were observed, indicating  
effective interaction between the nanoparticles 
and functional groups in the polymer. These 
spectral features demonstrate the formation of a 
stable hybrid organic–inorganic membrane, suit-
able for biomedical applications.

Regarding antimicrobial activity, the results 
were comparable to those obtained from the con-
trol group treated with chloramphenicol alone. 
Chloramphenicol, a broad-spectrum antibiotic  
commonly used to treat bacterial infections, 
served as the standard antimicrobial agent in the 
study. There was a close resemblance between 
the antimicrobial effects observed in the tested 
group and the control group, indicating that the 
evaluated membrane demonstrated antimicrobi-
al activity comparable to that of chloramphenicol. 
These results align with a study where zinc oxide 
nanoparticle and carrageenan-based compos-
ite films exhibited high antibacterial properties, 
particularly against Escherichia coli and Listeria 
monocytogenes species (31).

Thus, the formulated membrane, composed 
of naturally derived ingredients such as ZnO  and 
carrageenan, presents a biocompatible and eco- 
friendly solution tailored for periodontal appli-

cations. This study is among the first to evaluate 
the synergistic potential of zinc oxide and carra-
geenan within a single membrane, highlighting 
the growing relevance of nanotechnology in oral 
care. Based on the findings, the developed poly- 
meric membrane holds significant promise for 
regenerative periodontal therapy. Future com-
parative studies with existing membranes are 
warranted to further validate their clinical effica-
cy and real-world applicability.

Limitations
Study limitations include the use of a single 

sample per membrane type for tensile testing, 
limiting statistical strength. Additionally, MIC 
values for carrageenan-ZnO and chlorampheni-
col were not determined, restricting quantitative 
antimicrobial comparisons. Although OD data 
showed time- and dose-dependent inhibition, fu-
ture studies will address these gaps and include 
in-vivo validation for clinical relevance.

CONCLUSIONS
The membrane developed using carrageenan  

reinforced with ZnO  demonstrated promising 
characteristics for periodontal regeneration. SEM 
analysis confirmed a denser, moderately rough 
surface morphology, favorable for cell attachment. 
Mechanical testing showed improved tensile 
strength in the ZnO-reinforced membrane com-
pared to carrageenan alone, indicating enhanced 
structural integrity. FTIR analysis validated the 
successful integration of ZnO nanoparticles 
within the carrageenan matrix through distinct 
Zn–O vibrational peaks. Moreover, antimicrobi-
al assays revealed that the membrane exhibited 
time-dependent inhibition of S. mutans, with ac-
tivity comparable to chloramphenicol by 4 hours 
of incubation. These findings support the mem-
brane’s potential as a multifunctional material for 
GTR  in periodontal therapy.

Areas of future research
Future research can focus on enhancing the 

membrane by incorporating additional antimi-
crobial agents for synergistic effects, as well as  
bioactive molecules like growth factors or peptides 
to boost cell proliferation and tissue regeneration. 
These strategies could pave the way for more tar-
geted and effective periodontal therapies.
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 ABSTRACT

OBJECTIVE  Diffuse large B-cell lymphoma (DLBCL) is the most common  
subtype of non-Hodgkin lymphoma. Immunohistochemistry (IHC) is 
widely used to assess prognostic markers such as BCL2 and Ki-67. Con-
ventional IHC relies on manual staining and visual estimation by patholo-
gists, while automated IHC incorporates computer-based image analysis. 
This study aimed to evaluate the level of agreement between these two 
IHC workflows in assessing BCL2 and Ki-67 expression in DLBCL patients.

METHODS Formalin-fixed, paraffin-embedded tissue samples from 
nodal and extranodal sites of 42 and 60 DLBCL cases were analyzed for 
BCL2 and Ki-67, respectively. Conventional IHC involved manual staining  
and evaluation by a pathologist in 10.00% increments. Automated IHC 
used the Ventana BenchMark ULTRA system with digital image analysis. 
Expression levels of the two systems were compared using paired t-tests, 
intraclass correlation coefficients (ICC), Pearson’s correlation, and Bland–
Altman plots.

RESULTS For BCL2, no significant difference was found between the 
two methods (mean difference = 5.79%, p = 0.103), with moderate to good 
agreement (ICC = 0.739) and strong correlation (r = 0.772).  For Ki-67, patho- 
logist-based assessment yielded significantly higher values (mean dif-
ference = 13.91%, p < 0.001), with moderate agreement (ICC = 0.569) and 
strong correlation (r = 0.688). Bland–Altman analysis confirmed acceptable 
limits of agreement, although a slight underestimation in the automated 
Ki-67 results was observed. 

CONCLUSIONS Automated IHC showed moderate to good agreement 
with conventional IHC, particularly for BCL2. Despite some differences in 
Ki-67 quantification, both methods demonstrated consistent trends. Auto- 
mated IHC offers reproducibility and scalability, making it a promising 
complementary tool in pathology.  

 KEYWORDS  conventional immunohistochemistry, automated immu- 
 nohistochemistry, BCL2 expression, Ki-67 expression, diffuse large B-cell  
 lymphoma
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INTRODUCTION
Diffuse large B-cell lymphoma (DLBCL) is the 

most common subtype of non-Hodgkin lympho-
ma (NHL), accounting for approximately 30.00-
40.00% of all NHL cases worldwide (1, 2). DLBCL 
is an aggressive form of B-cell malignancy that of-
ten requires immediate treatment due to its rapid  
progression (3). Understanding the molecular 
landscape of DLBCL is critical for the selection 
of appropriate treatment strategies, particularly 
as it pertains to the expression of key biomarkers 
such as B-cell lymphoma 2 (BCL2) and the prolif-
eration marker Ki-67. 

BCL2 is an anti-apoptotic protein that prevents 
programmed cell death (4), making it a crucial 
marker for the evaluation of chemoresistance 
and prognosis in DLBCL patients. Increased ex-
pression of BCL2 is frequently associated with 
adverse clinical outcomes (5, 6), as it can promote 
tumor survival despite aggressive therapies. In 
parallel, Ki-67 is a nuclear protein expressed during  
cell division (7, 8) and serves as a proliferation  
indicator in various malignancies, including DLB-
CL. A higher Ki-67 index correlates with increased 
tumor cell proliferation and, in some cases, with 
poor overall survival, making it an important  
diagnostic and prognostic marker (9, 10). Concur-
rent overexpression of BCL2 and Ki-67 suggests 
that lymphoma cells exhibit both enhanced survival  
and increased proliferative activity. This biological  
profile reflects a more aggressive disease behavior  
and is commonly associated with poor clinical 
outcomes and resistance to standard therapies 
(11). A recent study among upper northern Thai  
DLBCL patients found that a ≥ 50.00% cut-off was 
the most effective threshold for distinguishing the 
expression of Ki-67 and the prediction of three-
year overall survival (12). 

Immunohistochemistry (IHC) is a widely used 
technique in pathology for the detection of spe-
cific protein expressions, such as BCL2 and Ki-67, 
within tissue samples. Conventional IHC involves 
manual processes for tissue section staining,  
antibody incubation, and subsequent evaluation 
by a pathologist. While conventional IHC remains 
the gold standard, its reliance on manual steps can 
lead to variability in staining intensity, antibody 
performance, and human interpretation, poten-
tially impacting diagnostic accuracy. In recent 
years, automated IHC has emerged as a viable  

alternative to conventional IHC, offering improved 
standardization and reproducibility through the 
automation of staining procedures. Automated 
IHC employs programmable systems that minimize  
human error, allowing for consistent antibody 
staining, reduced variability between tests, and 
more objective results due to the use of integrated  
digital analysis software. Automation in IHC holds 
great potential for improving diagnostic work-
flows, especially in high-throughput laboratories 
where time and efficiency are critical. This study 
aimed to evaluate the agreement between con-
ventional pathologist-based IHC and automated 
computer-based IHC methods for assessing the 
expression levels of BCL2 and Ki-67. 

METHODS
Sample collection

A retrospective study was performed on for-
malin-fixed paraffin-embedded tumor tissue 
specimens obtained from both nodal and extran-
odal sites of patients with de novo DLBCL who 
were diagnosed and treated at Maharaj Nakorn  
Chiang Mai Hospital in Chiang Mai, Thailand,  
between January 2018 and December 2019. Forty- 
two samples were included for BCL2 analysis and 
sixty for Ki-67 analysis. As the study was retro-
spective, it was conducted with a waiver of writ-
ten consent following ethical approval from the 
Ethics and Research Committee of the Faculty of 
Medicine, Chiang Mai University (Certificate No. 
248/2021, Study Code ANA-2563-07765). 

Conventional immunohistochemistry study
All the tissue samples were analyzed and eval-

uated by experienced pathologists. Thin sections, 
each 3-μm thick, were cut from the paraffin block 
for conventional IHC assessment. The sections 
were placed on silane-coated slides and dried in a 
hot air oven at 60°C for 40 minutes. The sections 
were then dewaxed, rehydrated, and subjected to 
antigen retrieval by boiling in citrate buffer pH 
6.0 for 20 minutes in a microwave oven at high 
power, maintaining a temperature of approxi-
mately 95–100°C. They were then washed with 
phosphate-buffered saline (PBS) for three 5-minute 
cycles. Endogenous peroxidase was blocked by 
immersing the slides in hydrogen peroxide on a 
shaker for 30 minutes at room temperature. To 
block non-specific binding sites, the slides were 
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treated with 5% normal goat serum (NGS) and 1% 
bovine serum albumin (BSA) in 0.1 M PBS for 1.5 
hours. Next, the slides were incubated with pri-
mary antibodies (mouse anti-human BCL2, clone 
124, and mouse anti-human Ki-67, clone MIB-1, 
both from Dako, Carpinteria, CA, USA, RTU) on 
a shaker for 1 hour, followed by overnight incu-
bation at 4°C. The following day, the slides were 
shaken for 1 hour at room temperature, then  
washed with PBS for three 10-minute cycles. They 
were then incubated with a biotinylated secondary  
antibody and Streptavidin-HRP (horseradish per-
oxidase) for 1.5 hours at room temperature, fol-
lowed by three 10-minute PBS washes. The signal 
was detected using 3,3’-diaminobenzidine (DAB), 
and the reaction was stopped with tap and dis-
tilled water. Mayer’s hematoxylin was used for 
counterstaining, followed by alcohol dehydration  
and clearing with xylene. Coverslips were mounted  
on the slides, and a pathologist evaluated the 
slides by grading the percentage of positive tumor 
cells in 10.00% increments from 0.00-100.00% at 
40X magnification.

Automated immunohistochemistry study
For the automated IHC assessment, sections 

of 3-μm thick, formalin-fixed, paraffin-embedded  
tissue were cut and placed on Superfrost Plus 
slides. These slides were heated for one hour at 
60°C in a dry oven to enhance tissue adhesion 
and soften the paraffin. IHC was performed using 
a Ventana BenchMark ULTRA autostainer (Roche 
Diagnostics, Tucson, AZ, USA), following standard  
protocol. The tissue sections underwent depa-
raffinization, rehydration, and antigen retrieval 
with Ventana’s CC1 solution (pH 8.0). Primary anti- 
bodies were applied, including mouse anti-human 
BCL2 (clone 124, Dako, Carpinteria, CA, USA, RTU) 
and mouse anti-human Ki-67 (clone MIB-1, Dako, 
Carpinteria, CA, USA, 1:200 dilution). BCL2 and 
Ki-67 were incubated for 32 minutes. Detection 
was carried out using the Ultraview universal DAB 
kit, followed by hematoxylin counterstaining and 
bluing. The slides were cleaned using tap water, 
dehydrated in ethanol and xylene, and mounted  
for microscopy. BCL2 and Ki-67 slides were scanned 
at 40X magnification using the Aperio Digital  
Pathology Slide Scanner (Leica Biosystem, Buffalo 
Grove, IL, USA). The digital slides were reviewed 
with Aperio ImageScope Ver.12.4.6.5003 (Leica 

Biosystem, Buffalo Grove, IL, USA). Regions of  
interest were selected manually within the full 
section of each case at 10X magnification, and ten  
equal-sized fields were selected for analysis at 
40X magnification. Image analysis was carried 
out using Membrane Algorithm v.9 for BCL2  
expression and Nuclear Algorithm v.9 for Ki-67 
expression.

Statistical analysis
Mean expression percentages of BCL2 and 

Ki-67 were compared between conventional and 
automated IHC using paired t-tests. Pearson cor-
relation coefficients and intraclass correlation 
coefficients (ICC, two-way mixed-effects model,  
absolute agreement) were used to assess the 
strength and consistency of agreement. Bland–
Altman plots were constructed to visualize agree-
ment and identify any systematic bias between 
methods. Statistical significance was defined as a 
p < 0.05. All statistical analyses were conducted 
using IBM SPSS Statistics version 23 (IBM Corp., 
Armonk, NY, USA) and GraphPad Prism 9 (Graph-
Pad Software, LLC, San Diego, CA, USA).

RESULTS
The BCL2 expression showed membranous 

staining, while Ki-67 expression demonstrated 
nuclear staining. These staining patterns were 
clearly visualized in both the conventional and  
automated IHC techniques, as illustrated in Figure 1.

The pathologist-scored BCL2 percentages  
ranged from 0.00 to 90.00%, with a mean (± 
standard deviation, SD) of 42.38% ± 35.39% and 
a median interquartile range (IQR) of 40.00% 
(0.00-80.00%). Ki-67 percentages ranged from 
10.00 to 90.00%, with a mean ± SD of 55.67% ± 
20.45% and a median IQR of 60.00% (40.00-
70.00%). The computer analysis showed BCL2 
percentages ranging from 0.02% to 79.85%, with 
a mean ± SD of 36.59% ± 27.32% and a median 
IQR of 41.36% (6.04-61.66%). Ki-67 percentages 
ranged from 2.79% to 88.70%, with a mean ± SD 
of 41.76% ± 22.68% and a median IQR of 41.45% 
(24.27-60.99%). When comparing the mean per-
centages between the two methods (Figure 2), 
the results indicated no significant difference in the 
percentage of BCL2 protein expression between 
the pathologist and computer-based analyses 
(mean difference = 5.79; 95%CI: -1.22 to 12.79; p =  
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Figure 1. Representative immunohistochemical analysis of BCL2 and Ki-67 expression in DLBCL, captured at 40X magnifi-
cation. (A) BCL2 membranous staining using conventional IHC technique, (B) BCL2 membranous staining using Automate 
IHC technique, (C) Ki-67 nuclear staining using conventional IHC technique, (D) Ki-67 nuclear staining using Automate 
IHC technique

0.103). However, the analysis by the pathologist 
revealed a significantly higher percentage of 
the expression of the Ki-67 protein compared 

Figure 2. Comparison of the percentage expression of 
BCL2 (A) and the percentage expression of Ki-67 (B) ana-
lyzed using conventional IHC and automated IHC tech-
niques. CON-IHC, conventional immunohistochemistry 
technique; AUT-IHC, automated immunohistochemistry 
technique 

to computer-based analysis (mean difference = 
13.91; 95%CI: 9.48 to 18.34; p < 0.001).

The agreement between the two methods was 
further evaluated using the ICC and Bland-Altman 
analysis. For BCL2, the ICC was 0.739 (95%CI: 
0.564–0.851, p < 0.001), indicating moderate to 
good agreement between the conventional and 
automated assessments. For Ki-67, the ICC was 
0.569 (95%CI: 0.137–0.779, p < 0.001), indicating 
moderate agreement.

The Bland-Altman plots (Figure 3) demonstrated 
a mean difference (bias) of 5.79% for BCL2, with 
limits of agreement (LoA) ranging from –38.29% 
to 49.87%. For Ki-67, the mean difference was 
13.91%, with LoA ranging from –19.72% to 47.54%. 

Additionally, a strong Pearson correlation 
was observed between the percentages of pro-
tein expression analyzed by the pathologist using 
conventional IHC and those from the computer- 
based automated IHC method for both BCL2 (r = 
0.772, p < 0.001) and Ki-67 (r = 0.688, p < 0.001). 
The correlation data are illustrated in Figure 4.
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Figure 3. Bland-Altman plots showing the agreement between conventional IHC (CON-IHC) and automated IHC (AUT-
IHC) for BCL2 (A) and Ki-67 (B). The solid line represents the mean difference (bias), while the dashed lines indicate the 
upper and lower limits of agreement (mean ± 1.96 SD).

Figure. 4 Scatter plots showing the correlation between conventional IHC (CON-IHC) and automated IHC (AUT-IHC) for 
the expression of BCL2 (A) and of Ki-67 (B). Each dot represents an individual sample. A strong positive correlation was 
observed for both markers, indicating consistency between manual and automated evaluation methods.

DISCUSSION
Immunohistochemical staining methods have 

become essential tools in the daily practice of  
anatomic pathology worldwide. These techniques 
allow for the identification and localization of 
specific proteins within tissue sections, enabling 
and facilitating disease diagnosis, prognosis, and 
therapeutic decision-making. Traditionally, patho- 
logists have manually evaluated IHC slides, but 
advancements in digital pathology have led to the  
development of automated analysis systems. 
These systems offer the potential for increased 
efficiency, consistency, and objectivity. However, 
questions remain about the accuracy and reliability  
of computer-based methods in comparison to 

human evaluation. In this study, we evaluated the 
agreement between conventional pathologist- 
based IHC assessment and automated computer- 
based IHC analysis of BCL2 and Ki-67 expression 
in patients with DLBCL.

The comparable results observed with the 
two methods for BCL2 suggest that both manual  
and automated analyses provide similarly reliable  
quantification of this marker. However, the results 
of the analysis revealed a notable difference in 
the measurement of expression of Ki-67, where 
pathologist-based assessment yielded a signifi-
cantly higher percentage expression compared 
to the computer-based approach.
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These results can be attributed to several 
key factors related to interpretative differences  
between human and automated evaluation. First, 
pathologists often focus on areas with the highest 
proliferative activity and estimate Ki-67 positivity  
in increments of 10.00%, relying on approximate  
visual categorization. In contrast, computer- 
based analysis typically assesses a broader region 
of the tissue, including both high and low prolifer-
ative zones, produces more continuous and spe-
cific percentages (e.g., reporting 12.00% rather  
than rounding to the nearest 10.00%), providing  
finer numerical detail that does not rely on set  
increments (13). Second, this discrepancy may  
also be influenced by biological variability in Ki-67  
staining intensity, which fluctuates depending 
on the cell cycle phase (7, 14-16). Pathologists may 
recognize and incorporate such variability during 
evaluation and are generally more flexible in inter-
preting faint or borderline staining. In contrast, 
automated systems may treat such variations as 
below-threshold signals and exclude them from 
the final count. Additionally, pathologists typically  
exclude non-viable tissue and non-tumor elements 
such as endothelial cell nuclei or inflammatory 
cells from the analysis. In contrast, automated 
systems may not always effectively differentiate 
or exclude these areas, which can dilute the cal-
culated Ki-67 index.

To assess agreement, we employed both ICC 
and Bland–Altman analysis. The ICC indicated  
moderate to good agreement for BCL2 and  
moderate agreement for Ki-67, suggesting 
generally consistent measurements across both 
methods. Bland–Altman plots confirmed that 
most observations fell within acceptable limits 
of agreement, although a mild negative bias for  
Ki-67 was observed. Strong Pearson correlations 
for both markers further supported the consisten-
cy in expression trends between the two methods.

Overall, the findings highlight the potential 
of computer-based methods as a reliable com-
plement to conventional pathologist evaluations, 
particularly in the case of BCL2. However, they 
also emphasize the need to improve automated 
methods for markers like Ki-67 to achieve the 
level of detail provided by human experts. A prior 
study suggested that Ki-67 percentages assessed 
by pathologists may correlate more closely with 
survival outcomes than those from image analysis. 

This may be due to the pathologist’s ability to focus  
on large tumor cells and exclude background 
lymphocytes, whereas current algorithms may 
lack the precision to distinguish such subtle his-
tological features (13).

It should be noted that this study was designed 
to compare two integrated IHC workflows: con-
ventional (manual staining and manual evaluation)  
and automated (automated staining and computer- 
based evaluation). Because both the staining 
and evaluation steps differ simultaneously, the 
observed differences may reflect the combined 
effect of these components. While this work-
flow-based design provides a comprehensive 
comparison, it limits the ability to isolate the spe-
cific impact of either staining or evaluation alone. 
Future studies should aim to assess these steps 
independently using standardized conditions to 
better determine their individual contributions.

Despite this limitation, automated IHC offers  
improved reproducibility and suitability for high- 
throughput applications, though it tends to be 
less flexible and more costly. In contrast, conven-
tional IHC is more cost-effective and adaptable 
but introduces greater variability due to subjec-
tive interpretation. Notably, this study involved 
a single pathologist, and intra- or inter-observer 
variability was not assessed. Future work should 
incorporate multiple evaluators to determine the 
reproducibility of manual scoring.

From a clinical perspective, BCL2 and Ki-67 
are not definitive diagnostic markers for DLBCL,  
but are widely used as prognostic indicators. 
BCL2 is associated with the regulation of apop-
tosis, while Ki-67 reflects cellular proliferation.  
Because both markers are also expressed in  
normal tissues, careful interpretation is essential. 
Accurate quantification of these proteins has im-
portant implications for risk stratification and 
treatment planning in patients with DLBCL.

CONCLUSIONS
In conclusion, our findings demonstrate that 

automated and conventional IHC workflows 
show good overall agreement in the assessment 
of BCL2 and Ki-67 expression. While minor differ-
ences exist, particularly in Ki-67 quantification, 
both approaches yielded broadly comparable  
results. Rather than positioning one method as 
superior, it is important to note that both methods 
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yielded results trending in the same direction, 
with each method having distinct advantages  
and limitations. Automated systems enhance  
reproducibility and standardization, while con-
ventional methods benefit from the expert judg-
ment of trained pathologists. These complemen-
tary strengths suggest that both methods can 
play important roles in modern pathology, and 
that their integration should be guided by clinical 
context, workflow capacity, and biomarker-spe-
cific considerations.
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 ABSTRACT

OBJECTIVE  Guava (Psidium guajava L.), a member of the Myrtaceae 
family, is grown worldwide and is widely consumed in India because of its 
good nutritional value as well as its medicinal properties. various parts of 
the guava tree, e.g., its root, bark, leaves, and fruit, have been found to be 
rich in pharmacological properties. Despite the health benefits, parts of 
the tree other than the guava fruit are not widely used by people.  Guava  
leaves are generally considered as a non-conventional food with high  
nutritive value, medicinal properties, essential oils and good amounts of 
bioactive compounds.

METHODS  In this study, these bioactive compounds were extracted by 
ultrasound-assisted extraction (UAE) using three different solvents (water, 
ethanol and methanol) and the extracts were tested for finding the bio-
active content in it.

RESULTS This study found that dilute methanol (50 : 50) extracts con-
tain significant amounts of flavonoids, alkaloids, saponins and terpenoids. 
Ethanol extracts showed good quantities of tannins and aqueous extract 
showed good extraction of total phenolic content. 

CONCLUSIONS These findings show that guava leaves are rich in bio-
active compounds which can be extracted using environmentally friendly 
methods which can be used in food and pharmaceutical industries  

 KEYWORDS  guava leaves, bioactives, extraction, ultrasonication assisted  
 extraction, flavonoids
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INTRODUCTION
Guava (Psidium guajava L.) is a well-known 

fruit belonging to the Myrtaceae family and is 
grown in tropical and subtropical regions of many 
countries. India holds first position worldwide in 
the cultivation of guava. Uttar Pradesh, Madhya 
Pradesh, Maharashtra and Bihar are some of the 
important guava growing states in the country. 
Allahabad District of Uttar Pradesh is famous for 
growing one of the best quality guava fruit in the 
world (1). Many pharmacological properties have 
been reported for the bark, roots, leaves and fruit 

of the plant (2, 3). Generally, guava leaves are con-
sidered as a non-conventional food as many people  
consume guava fruit, ignoring the nutritive as 
well as the medicinal properties of guava leaves. 
Guava leaves play an important role in treating  
diarrhea, gastroenteritis and other digestive 
problems (4, 5). They also exhibit antioxidant, anti-  
inflammatory and antimicrobial actions (6).

Guava leaves are rich in nutrients as they con-
tain moisture, ash, fat, protein and carbohydrates 
(7). They also contain good concentrations of Ca, 
P, Mg, Fe, vitamin C and vitamin B-complex. They 
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are considered a good source of bioactive com-
pounds such as alkaloids, flavonoids, terpenoids 
and phenolic compounds (8). They also contain 
significant amounts of essential oils (9, 10). Many 
functional properties, e.g., neuroprotective (11), 
antioxidant (12), decreasing blood pressure (13), 
antimicrobial (14), anti-carcinogenic, and anti- 
inflammatory (15) have been shown in bioactive 
compounds present in various parts of the plant 
including leaves, stems, fruits, and flowers which 
can be extracted using different methods. 

Both conventional and non-conventional tech-
niques are known for extracting the bioactive  
compounds. Methods used in conventional tech-
niques include soxhlet extraction, maceration and  
hydrodistillation among others. However, extrac-
tion with these techniques generally takes long 
time, is costly, requires large amounts of solvent  
and is inefficient (16). To overcome these limita-
tions, non-conventional extraction methods have 
been introduced, including ultrasound, microwave,  
enzyme, and pulsed electric field assisted extrac-
tion among others. These methods require less 
extraction time, use less solvent, have high extrac- 
tion rates and reduce thermosensitive compound 
degradation. These methods are known as “Green  
Extraction” as they function in accordance with 
standards set by the U.S. Environmental Protec-
tion Agency (17).

The ultrasonication assisted extraction (UAE) 
technique is easy to use and inexpensive, reduces  
the quantity of solvent needed, shortens the extrac-
tion time, produces a high extraction yield, improves 
extract quality, allows selective extraction, uses 
low temperatures thus avoiding heat damage and 
reducing bioactive compound loss (18).  It is an  
environmentally friendly method and hence is 
considered a biorefining technology. In this pro-
cess, ultrasound waves at frequencies higher  
than 20 kHz are used to disrupt the cell wall of 
the plant, increasing the solvent’s capacity to per-
meate the cells, resulting in a higher extraction  
yield. This process can be easily used in a labo-
ratory using an ultrasonic bath which is easy to 
operate (19). In this study, the UAE approach was 
used for extracting bioactive compounds from 
guava leaves.

METHODS 
Collection of plant material

Many varieties of guava are found in India. The 
variety “Allahabad Safeda” was chosen for this 
study. The leaves of this variety were collected  
from the Krishi Vigyan Kendra Farm Science 
Center in Banasthali Vidyapith, Newai, Rajasthan, 
India. The guava leaves were handpicked from the 
tree and were first washed under running water 
to remove all the dirt and soil, then were gently  
rinsed with distilled water. The leaves were sub-
sequently dried in a hot air circulation oven at 
80ºC for 15-16 hours. The dried leaves were then 
crushed and ground in an electric grinder to  
obtain a coarse powder which was then used to 
extract the bioactive compounds. In this study, all 
results are expressed as dry weight.

Extraction of bioactive compounds
The bioactive components were extracted 

from the guava leaves by following and modifying 
methods given by Mehmood et al. (20). In this 
study, three extracts were prepared using dis-
tilled water, ethanol and diluted methanol: aqueous 
extract, ethanol extract and diluted methanol  
extract, respectively. 

Aqueous extract (AE): 50g of dried sample was 
dissolved in 100ml of distilled water and the solu-
tion was heated in a water-bath at 100ºC for 2 
hours.

Ethanol extract (EE): 50g of dried sample was 
dissolved in 100ml of ethanol and was allowed 
to stand for 48 hours at room temperature (25-
30ºC).

Diluted methanol extract (DME): 50g of dried 
sample was dissolved in 100ml of diluted metha-
nol (1:1 v/v) and the solution was allowed to stand 
for 48 hours at room temperature (25-30ºC).

After the above steps, each extract was ex-
posed to an ultrasonic water bath for 2 hours fol-
lowing which the solvent was evaporated using 
a rotary evaporator at 69 rpm with a bath tem-
perature of 45ºC until the extract was concen-
trated. After that, each extract was dried in a hot 
air circulation oven at 45-50ºC to remove excess 
moisture. Extracts were then stored in airtight 
containers for further use.
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Estimation of quantities of bioactive compounds
Total quantities of phenolic compounds were 

evaluated using the Folin-Ciocalteu method. Fla-
vonoid content was determined using the alumi-
num chloride method. The quantities of alkaloids, 
saponins and tannins were determined following 
procedures described in Singh et al. (21).

To measure the terpenoid content, 100 mg of 
dried sample was dissolved in 9 mL of ethanol 
for 24 hours. The mixture was then filtered using 
Whatman filter paper. The resulting filtrate was 
extracted with 10 mL of petroleum ether using a 
separating funnel. The ether extract was isolated 
and completely dried in pre-weighed glass vials. 
After the ether was evaporated, the total terpe-
noid content (mg/g) was determined using the 
formula: (22).

Statistical analysis
All experiments were performed in triplicate, 

and the results are expressed as mean ± standard  

deviation (SD). The data were analyzed using  
Microsoft Excel. Descriptive statistics were used 
to calculate the mean and SD and to assess the 
variability among replicates.

RESULTS 
Fresh guava leaves of the Allahabad Safeda  

variety were collected, dried and converted into 
a fine powder as  shown in Figure 1. The powder was 
then used in making aqueous, ethanol and diluted 

methanol extracts to determine the bioactive 
compounds present. Table 1 provides a compara-
tive analysis of the bioactive compounds in AE, EE, 
and DME of guava leaves.

 The yields obtained for aqueous, ethanol and 
diluted methanol extracts were 14%, 17% and 
22%, respectively.

Total phenolic content. The total phenolic con-
tent of guava leaves (Figure 2) shows that the 
aqueous extract contains the highest quantity of 
phenolic compounds with 186 ± 0.4 mg GAE/g, 

	
	 Formula:	 Terpenoids content (mg/g) =   Weight of terpenoids residue (mg)

               					                  Weight of sample (g) ×1,000

Figure 1. Fresh (left) and dry (right) guava leaves

Table 1. Bioactive compound analysis of AE, EE, and DME of guava leaves

Bioactive compound AE EE DME

Total phenolic content (mg GAE/g)
Flavonoids (mg/g)
Alkaloids (mg/g)
Saponins (%)
Tannins (mg/L)
Terpenoids (mg/g)

186±0.4
6.84±0.5
11.40±0.2
0.58±0.6
276±0.1
3.81±0.3

135±0.5
5.87±0.7
10.86±0.1
0.61±0.5
312±0.3
3.88±0.6

164±0.7
11.39±0.2
11.89±0.8
1.12±0.2
290±0.4
3.96±0.7

Values are presented as means ± SD
AE, aqueous extract; EE, ethanol extract; DME, diluted methanol extract
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Figure 2. Total phenolic content in aqueous, ethanol and 
diluted methanol extract of guava leaves

Figure 3. Flavonoid content in aqueous, ethanol and diluted  
methanol extract of guava leaves

Figure 4. Alkaloid content in aqueous, ethanol and diluted 
methanol extract of guava leaves

Figure 5. Saponin content in aqueous, ethanol and diluted 
methanol extract of guava leaves

followed by diluted methanol extract with 164 ± 
0.7 mg GAE/g and ethanol extract with 135 ± 0.5 
mg GAE/g. 

Flavonoids. The flavonoid content present in 
guava leaves is shown in Figure 3. Diluted metha-
nol extract had the highest content of flavonoids 
with 11.39 ± 0.2 mg/g followed by aqueous extract 
with 6.84 ± 0.5 mg/g. Ethanol extract had the 
lowest flavonoid content, 5.87 ± 0.7 mg/g. 

Alkaloids. The alkaloid content present in guava  
leaves is shown in Figure 4. The highest content of 
alkaloids was present in diluted methanol extract 

with 11.89 ± 0.8 mg/g, followed by the aqueous 
extract with 11.4 ± 0.2 mg/g and ethanol extract 
which had the lowest alkaloids content, 10.86 ± 
0.1 mg/g.

Saponins. The saponin content present in guava  
leaves is shown in Figure 5. The highest presence 
of saponins was in diluted methanol extract with 
1.12 ± 0.2%, followed by ethanol extract with 0.61 
± 0.5%, and aqueous extract which had the lowest 
saponin content with 0.58 ± 0.6%.

Tannins. The tannin content of guava leaves is 
shown in Figure 6. The highest content of tannins 

Figure 6. Tannin content in aqueous, ethanol and diluted 
methanol extract of guava leaves

Figure 7. Terpenoid content in aqueous, ethanol and dilut-
ed methanol extract of guava leaves
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was present in ethanol extract, 312 ± 0.3 mg/L, 
followed by diluted methanol extract with 290 ± 
0.4 mg/L and aqueous extract, 276 ± 0.1 mg/L, 
the lowest tannin content.

Terpenoids. The terpenoid content of guava 
leaves is shown in Figure 7, a maximum terpenoid 
content of 3.96 ± 0.7 mg/g in diluted methanol 
extract followed by 3.88 ± 0.6 mg/g in ethanol 
extract and the minimum terpenoids content, 
with 3.81 ± 0.3 mg/g, in aqueous extract. 

 
DISCUSSION

The findings of total phenolic content results 
coincide with a similar study done using hydro- 
ethanolic extract conducted by Amaral et al. (23) 
where total phenolic content was found to be 185 
and 150 mg GAE/g in 50% and 70% hydroethanolic  
extract, respectively. Another study conducted  
by Hartati et al. (24) reported total phenolic com-
pound of guava leaves ethanolic extract to be 
146.7 mg GAE/g. Slightly higher concentrations 
of total phenolic content were observed by Cerio 
et al., 2016 where a significantly higher concen-
tration of total phenolic content, 304 mg GAE/g, 
was found in etOH/H2O 80:20 (v/v) solvent. The 
findings of flavonoids in this study are in alliance 
with the findings by Díaz-de-Cerio et al. (25) 
where the flavonoids content in n-hexane leaf 
extract of crystal guava variety was observed to 
be 9.68 mg/g. Slightly higher flavonoid content, 
18.66 mg/g, was observed by Pandhi et al. (26) 
using the UAE method. Not many studies were 
found related to other bioactive compounds of 
guava leaves.

CONCLUSIONS
The study successfully demonstrated the effi- 

ciency of UAE in isolating bioactive compounds 
from guava leaves using different solvents. The 
results indicate that diluted methanol is the most 
effective solvent for extracting flavonoids and 
alkaloids, while ethanol is superior for tannin 
extraction, and aqueous best depicts high total 
phenolic content. This finding highlights the im-
portance of solvent selection in maximizing the 
yield of specific bioactive compounds. The high 
content of these compounds in guava leaves 
suggests their significant potential for use in 
health-promoting applications. Future research 

should focus on exploring the therapeutic ben-
efits of these extracts and optimizing extraction 
methods for industrial applications. The findings 
promote the utilization of guava leaves, which are 
often discarded, thus adding value to guava culti-
vation and contributing to sustainable agricultural  
practices. This study had some limitations: it was 
carried out on a small scale under laboratory 
conditions which may not fully reflect real-world 
applications. Also, only basic methods were used 
to analyze the total amounts of bioactive com-
pounds.
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 ABSTRACT

OBJECTIVE  This study aimed to construct and validate the Work-Related  
Quality of Life Scale-2 (WRQoLS-2) for use in Indonesia.

METHODS  A cross-cultural adaptation process, including forward and 
backward translations by multilingual experts, ensured linguistic and 
conceptual equivalence of the items. Six nursing experts assessed the 
content validity, and the reliability was tested using Cronbach’s alpha,  
Intraclass Correlation Coefficients (ICCs), and Spearman rank correlation 
coefficients among 38 registered nurses.

RESULTS The Indonesian WRQoLS-2 showed strong content validity  
(S-CVI/Ave of 0.97, S-CVI/AU of 0.84) and high internal consistency 
(Cronbach’s alpha: 0.955-0.961). The ICC analysis yielded an overall ICC 
of 0.921, indicating excellent reliability. Most dimensions showed positive 
Spearman correlations, with the exception of three items in the Stress 
at Work dimension, which were revised and retested. The revised items 
confirmed that there were no comprehension issues vis-à-vis the ques-
tionnaire. 

CONCLUSIONS Overall, the Indonesian version of the WRQoLS-2 proved 
to be a valid and reliable tool for assessing the quality of work life among 
hospital personnel in Indonesia.  

 KEYWORDS content validity; health workers; nurses; reliability; work-  
 related quality of life scale
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INTRODUCTION
The field of workplace health has undergone 

significant changes over time, highlighting the  
importance of enhancing employee welfare across 
various industries. This aspect is particularly vital  
in healthcare settings, where the well-being and 
effectiveness of employees directly impact the 
quality of care provided to patients (1). Interna-
tional Labour Organization (ILO) Conventions 
No. 155 and No. 161 emphasize the importance of 
ensuring that workers achieve optimal physical, 

social, and mental well-being. These conventions 
advocate for robust measures to protect and im-
prove health in the workplace (2), aligning with 
goals to enhance organizational performance, 
help alleviate the strain on social security and 
healthcare systems, and promote the long-term 
well-being of workers and their families (3).

Hospitals, as key institutions in the health sec-
tor, rely on productive and responsive person- 
nel to meet patient needs effectively. Nurses, who  
constitute the largest segment of the health 
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workforce in many countries, including Indone-
sia, play a crucial role in patient care (4). Their 
welfare and productivity are intimately linked 
to patient satisfaction as well as to the overall 
efficiency and efficacy of health services (5, 6). 
However, nurses frequently face various occu-
pational hazards, such as physical injuries and 
mental stress, which can negatively affect their 
well-being and their professional performance 
(7-9). The amalgamation of occupational risks 
and the intrinsically demanding nature of nursing  
underscores the urgency of addressing health 
and safety issues within this profession.

The World Health Organization (WHO) regards 
the health workforce as a key component of every  
functioning health system and as essential for 
improving health services globally (10). The signi- 
ficance of nurses in this regard has been increas-
ingly recognized, alongside a growing awareness 
of the need to enhance the quality of working  
life (QoWL) for health workers. The concept of  
QoWL significantly influences the productivity  
and efficiency of health facilities and the quality of 
care provided to patients (11-13). Various models  
and methodologies have been developed to assess  
QoWL, with the Work-Related Quality of Life Scale  
(WRQoLS) gaining international recognition for 
its reliability and applicability across different 
cultural contexts (14). The primary challenge in 
translating a measurement instrument is lan-
guage, as it is complex and nuanced, with words 
carrying different meanings and connotations 
across languages and cultures (15). Several studies  
of translated versions of the WRQoLS have been 
shown to have no differences in the construction  
of the questionnaires. In that regard, extensive 
evaluation of content validity is essential for 
achieving psychometric property equivalency to 
the original version.

Despite the existence of various assessment 
tools, there remains a noticeable lack of resources  
specifically designed to evaluate QoWL among 
nurses and health workers in Indonesia. Previous 
studies have attempted to adapt and translate 
existing QoWL assessment tools; however, the 
scarcity of instruments tailored to the Indonesian 
health context highlights an unmet need (16-18). 
This gap hinders the assessment of health workers’ 
quality of work life and limits the implementation  

of targeted interventions to improve their well- 
being and job satisfaction.

Given these considerations, this study aimed 
to construct an Indonesian version of the 
WRQoLS-2 and to evaluate its content validity 
and reliability, recognizing the pivotal role it plays 
in enhancing health services and worker satisfac-
tion. By adapting this globally recognized tool to 
Indonesia’s specific conditions, this study aimed 
to provide a robust instrument for assessing the 
quality of nurses’ work-life, thereby contributing 
to the development of healthier working environ-
ments and improved patient care outcomes in  
Indonesian hospitals.

METHODS
This was a cross-cultural adaptation study 

comprising three primary stages: translation of the 
original version, assessment of content validity,  
and reliability assessment of the Indonesian ver-
sion of the WRQoLS-2. A flowchart summarizing 
the three phases of the cross-cultural adaptation 
process is presented in Figure 1.

Phase 1: Translation of WRQoLS-2 to Indonesian
The translation process of the WRQoLS-2  

involved five stages to ensure linguistic and con-
ceptual similarity. The process began with a forward 
translation conducted by two bilingual translators  
with a medical background to maximize the 
translation’s accuracy and appropriateness for 
local health contexts. The translators worked  
independently, each providing their interpreta- 
tion of the scale. The translations were then 
merged during a coordinated online meeting of 
health care professionals, where the goal was to 
address any inconsistencies and reach a unani-
mous agreement on the translation.

Following that initial translation, two other  
translators, unfamiliar with the original WRQoLS-2, 
performed reverse translation to convert the 
synthesized Indonesian version into English. 
This step was crucial for identifying any changes 
in meaning or discrepancies with respect to the 
original. Dr. Darren Van Laar, the developer of the 
scale, then reviewed the back-translated version 
to assess the semantic and conceptual equivalence 
between the original and back-translated scales.
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Translation WRQoLS-2 to Indonesian 

- Forward translation by two bilingual translators 
- Synthesis of forward translation 
- Backward translation into English by two other translators 
- Expert review of the back-translated  

Version 
- Pre-test (n = 10) 

Content validity of the Indonesian WRQoLS-2 

- Nursing expert panel (n = 6) 
- CVI calculated (I-CVI and S-CVI) 

Parallel form reliability test 

- Participants: 38 RNs 
- Test with Indonesian version 
- Re-test with English version (2-4 weeks) 
- Analysis: Cronbach’s α, ICC, Spearman rank correlation 
- Items revision 
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Figure 1. Overview of study design

Finally, the translated version was tested on 
a sample of Indonesian individuals. The number 
of participants (n = 10) in that pre-test phase was 
consistent with the recommended practices in 
cross-cultural adaptation studies. Previous re-
search has demonstrated that involving 10 to 30 
participants in pre-final testing is sufficient for 
evaluating the clarity, comprehensibility, and cul-
tural relevance of translated items through cog-
nitive interviews (19-21). The participants were 
all native speakers with professional experience 
in organizations or enterprises. The purpose of 
this testing phase was to identify any ambiguous  
terms, words, or sentences, thereby ensuring that  
the translated scale would be easily understood 
by the Indonesian population.

Phase 2: Content validity of the Indonesian 
WRQoLS-2

Content validity was assessed by six nursing 
professionals with expertise in academic and hos-
pital settings. The use of six experts aligns with the 

widely accepted recommendations for content 
validity index (CVI) evaluation, suggesting that a 
panel of 5-10 experts is sufficient to ensure relia-
bility and representativeness (22). Recent studies 
have employed panels of five to eight experts for con-
tent validation across disciplines such as medical  
education, health planning, and occupational 
safety, supporting the sufficiency of our evalua-
tion team size (23-25). The six experts, each with a  
minimum of 10 years of experience in the nursing 
field and holding at least a postgraduate degree, 
were asked to evaluate the relevance of the items 
in the Indonesian version of the WRQoLS-2. 
They were briefed on the questionnaire and its 
dimensions and received instructions on how to 
conduct a content validity assessment. For this 
evaluation, they utilized a self-developed 4-point 
Likert scale to assess the suitability of the items 
for reflecting the dimensions and QoWL of Indo-
nesian nurses, particularly in terms of their rele-
vance to the Indonesian context.
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Phase 3: Parallel-form reliability test
A reliability test was conducted in an Indone-

sian hospital and involved 38 registered nurses 
who met certain criteria, including being full-
time employees, having 5-10 years of work expe-
rience, having employment status as civil servants, 
and being proficient in English. The sample size 
was designed for psychometric testing rather 
than for representativeness of the broader popu-
lation. Previous studies have demonstrated that a 
sample size of 30 is adequate for reliability analy- 
sis (25). Our final sample of 38 nurses exceeded 
the recommended minimums, ensuring a reliable 
assessment of the scale’s psychometric proper-
ties. The goal was to assess the accuracy of the 
WRQoLS-2 Indonesian version by comparing it 
to the original English version. Participants com-
pleted both the Indonesian and original English 
WRQoLS-2 questionnaires, with a 2-week to 
1-month gap between administration of each ver-
sion. This gap was consistent with the best prac-
tices in test-retest reliability research and several 
empirical studies which recommend a 2-4 weeks 
interval to reduce memory recall bias while main-
taining construct stability (26-28).

The last phase of the preliminary testing in-
cluded a panel of ten native speakers of Indone-
sian, who reviewed three items (SAW Dimension) 
that had shown either no or only weak correlation 
with the original English version in earlier evalu-
ations. The three items were item 7 (Saya sering 
merasa ditekan saat bekerja/ I often feel under 
pressure at work), item 19 (Saya sering merasa 
stres berlebihan saat bekerja/ I often feel exces-
sive levels of stress at work), and item 29 (Saya 
ditekan untuk bekerja lembur/ I am pressured to 
work long hours). Each participant evaluated the 
clarity and familiarity of these items in the Indo-
nesian version of the questionnaire which were 
subsequently compared with the original English 
version to verify the accuracy and equivalence of 
the translation. Participants were also invited to 
suggest any improvements to the translations.

Data analysis was conducted using IBM SPSS 
Statistics for Windows, Version 26.0 (29). Descrip-
tive statistics were used to present the quantita-
tive variables. Both the item-level content validity 
index (I-CVI) and the scale-level content validity 
index (S-CVI) were calculated. I-CVI was based on 
the percentage of experts rating an item as rele-

vant (scores of 3 or 4), and S-CVI was determined 
through two methods: S-CVI/Ave which averages  
the I-CVIs, and S-CVI/UA, which assesses the 
level of universal agreement among experts for 
each item. The combined CVI of 0.8 was deemed 
satisfactory, indicating adequate content validity 
(30, 31).

Reliability was confirmed with Cronbach’s alpha,  
with values above 0.7 indicating acceptable reli-
ability and suggesting that the items within the 
scale consistently measured the same underlying  
construct (32). The correlation between the scores 
from both versions was evaluated using the Spear-
man rank correlation coefficient, with correlations 
interpreted as follows: 0.90 to 1.00 (excellent), 
0.80 to 0.90 (good), 0.70 to 0.80 (moderate), and 
below 0.70 (inadequate reliability) (33). Addition-
ally, the Intraclass Correlation Coefficient (ICC) 
was used to further evaluate the reliability of 
the Indonesian version of the WRQOLS-2. The 
ICC analysis yielded a value above 0.75, which is 
considered excellent. ICC values of 0.60-0.74 are  
considered good, 0.40-0.59 are fair; and below 
0.40 are poor (34). These findings underscore the  
internal consistency and reliability of the instru- 
ment, ensuring its suitability for the intended 
measurements. 

This study was conducted in accordance with 
ethical principles and approved by the Ethics 
Committee of Khon Kaen University, Thailand 
(Ethics code: HE661377) and the Ethics Committee 
of Dr. Moewardi General Hospital, Indonesia (No: 
1.087/VI/HREC/2023). 

RESULTS
Validity of the Indonesian WRQoLS-2 

The WRQoLS-2, featuring 32 items across seven  
dimensions, was translated into Indonesian 
through a detailed process outlined in the Metho- 
dology section. This process involved forward 
and backward back translations, enabling most 
items to be effectively translated into Indonesian 
and closely matching the original English version  
upon back translation. However, challenges of 
some specific terms and phrases necessitated 
careful examination and adjustments. For more 
details, see Supplementary 1: Forward-back trans-
lation and feedback from Dr. Darren Van Laar. 

Dr. Darren Van Laar played a key role in dis-
cussions and facilitating significant changes,  
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leading to an enhanced translation that accurately  
reflects the intended meanings of certain ele-
ments. Notably, 17 items were accurately trans-
lated on the first attempt, but 15 required minor 
revisions to align with nuances of the original 
questionnaire. These revisions were intended to 
ensure fairness in questioning, clarify definitions 
of terms, and precisely capture the original crea-
tors’ intended perceptions. 

For example, in item 5, the term ‘employer’ 
posed some difficulty when adapting into Indone-
sian. The translator initially suggested using the 
word ‘atasan’ (an Indonesian noun referring to a 
superior or someone in a higher position with-
in the organizational hierarchy). ‘Atasan’ is often 
used to denote a person’s immediate supervisor 
or manager, as well as an employer or boss. How-
ever, Dr. Darren intended the term ‘employer’  
to refer to the organization in general, rather 
than to a specific person such as a boss. After dis-
cussion, the translators agreed that ‘work institu-
tion’ could be used to represent an organization 
in general (D. Van Laar, personal communication, 
Nov 29, 2023).

The pre-final Indonesian version of the 
WRQoLS-2 was accepted following these ad-
justments, signifying successful adaptation that 
maintained the integrity of the original scale. 
Moreover, when ten native Indonesian speakers 
reviewed the Indonesian version and compared 
it with the original scale, their feedback indicated 
no difficulties in understanding the instructions 
and items

Content validity of the Indonesian WRQoLS-2
Content validity assessment was performed 

by all the experts, who deemed 27 of the 32 items 
as highly relevant, awarding these items a perfect 
item I-CVI of 1.00. Item 9 in the General Well- 
Being Dimension, ‘Recently, I have felt unhappy  
and depressed,’ initially received an I-CVI of 0.67 
due to two values which were deemed insuffi-
ciently precise by one expert, necessitating its 
revision. Following expert recommendations, 
this item was rephrased as, ‘I am currently expe-
riencing feelings of unhappiness, depression, and 
pressure.’ The five items finally achieved an I-CVI 
of 0.83, indicating adequate validity for inclusion 
in the translated version (35). The scale-level  
CVI based on universal agreement (S-CVI/UA) 
reached 0.84, a measure of the experts’ level of 
consensus. An S-CVI/Ave rating of 0.97 was 
achieved using the averaging method. These 
CVI outcomes confirmed the suitability of the 
WRQoLS-2 for use with Indonesian registered 
nurses. Detailed results are presented in Table 1.

Parallel form reliability of the Indonesian 
WRQoLS-2

Of the 50 registered nurses (RNs) who met the 
specified criteria, 40 participated in the evalua-
tion of the Indonesian version of the WRQoLS-2. 
Of these, 38 completed both the Indonesian and 
the original versions of the questionnaire. Two 
participants could not be reached for further 
data collection, resulting in 38 valid responses for 
the analysis. Thus, of the 50 eligible RNs, 38 com-
pleted both versions of the WRQoLS-2, yielding 
a response rate of 76%. This group is represent-

Table 1. Rating of item content relevance by six experts

Dimension
Number of 

items
Items

I-CVI  
average

Job and career satisfaction 
General well-being 
Home-work interface 
Stress at work 
Control at work 
Working conditions 
Employee engagement 
Overall 
Total
S-CVI/Ave
S-CVI/UA

6
6
4
4
4
4
3
1

32

1, 3, 8, 11, 18, 20
4, 9, 10, 15, 17, 21

5, 6, 14, 25
7, 19, 24, 29
2, 12, 23, 30
13, 16, 22, 31

26, 27, 28
32

1.00
1.00
0.95
0.83
1.00
1.00
1.00
1.00

0.97
0.84
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ative of a skilled and committed workforce that 
contributes significantly to health services.

Cronbach’s alpha was used to measure the in-
ternal consistency and reliability of the Indone-
sian adaptation of the WRQoLS-2. The findings 
revealed notably high Cronbach’s alpha values, 
averaging 0.958 across dimensions and items. 
The employee engagement (EEN) dimension had 
the lowest alpha value at 0.955, while the stress 
at work (SAW) dimension had the highest value at 
0.961. The ICC for the JCS dimension was 0.896, 
while the SAW dimension had an ICC of 0.964 
(Table 2). The ICC analysis yielded an overall ICC 
of 0.921 for the seven dimensions tested. 

The Spearman correlation (Table 3) provided 
strong evidence of the psychometric fidelity of 
the Indonesian WRQoLS-2 to the original ver-
sion. Correlations among all dimensions of both 
versions were examined. The correlations ranged 
from 0.343 for SAW to 0.568 for WCS. All dimen-
sions showed statistically significant correla-

tions, in contrast to the SAW dimension. A deeper  
analysis of the four SAW items revealed that 
three items (7, 19, and 29) had poor correlations, 
whereas item 24 maintained a significant correla-
tion (Table 4).

The final evaluation of the three items that 
had previously shown no or weak correlations led 
to modifications aimed at addressing potential 
confusion or misinterpretation. In item 7, orig-
inally translated into Indonesian as ‘Saya sering 
merasa tertekan saat bekerja,’ the term ‘tertekan’ 
primarily conveys internal feelings of being over-
whelmed, which may not fully capture the external 
pressures implied by the English phrase ‘I often 
feel pressured at work.’ To more accurately reflect  
such external influences, the translation was 
amended to ‘Saya sering merasa ditekan saat bek-
erja,’ highlighting the influence of external pres-
sures on one’s psychological state.

For item 19, ‘I often feel excessive stress at 
work,’ initially translated as ‘Saya sering merasa 
stres berlebihan saat bekerja,’ the term ‘berlebihan’ 
was reconsidered. Given the potential cultural  
differences in perception of what qualifies as 
‘excessive,’ this translation might not accurately 
reflect the intensity implied in English. To clarify,  
‘berlebihan’ was replaced with ‘melebihi batas 
yang wajar,’ modifying the translation to ‘Saya 
sering merasa stres melebihi batas yang wajar saat 
bekerja,’ thus better communicating stress levels 
exceeding a reasonable threshold.

Lastly, the translation of ‘I am pressured to 
work long hours’ as ‘Saya ditekan untuk bekerja 
lembur’ was revised to avoid the negative con-
notations of ‘ditekan’ and the culturally specific  

Table 2. Intraclass correlation coefficient between the 
translated Indonesian version WRQOLS-2 and the original 
WRQOLS-2

Domains
Intraclass correlation 

coefficient 

Job and career satisfaction 
General well-being 
Home-work interface 
Stress at work 
Control at work 
Working conditions 
Employee engagement 
Overall 

0.896
0.902
0.902
0.964
0.901
0.896
0.900
0.906

Table 3. Spearman correlation coefficients between the Indonesian WRQoLS-2 and 
the Original WRQoLS-2

Dimension
Number 
of items

Correlation 
coefficient

p-value
WRQoLS-2 Original

WRQoLS-2 
Indonesian

Job and career satisfaction (JCS)
General well-being (GWB)
Home-work interface (HWI)
Stress at work (SAW)
Control at work (CAW)
Working conditions (WCS)
Employee engagement (EEN)
Overall (Ovl)

JCS
GWB
HWI
SAW
CAW
WCS
EEN
Ovl

6
6
4
4
4
4
3
1

0.554
0.537
0.457
0.343
0.538
0.568
0.405
0.380

0.000*

0.001*

0.004*

0.035*

0.001*

0.000*

0.012*

0.019*

*Statistically correlation p < 0.05
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implications of ‘lembur.’ The phrase was altered 
to ‘Saya dituntut untuk bekerja diluar waktu kerja,’  
which more neutrally indicates a requirement to 
work beyond standard hours, without the sug-
gestion of undue coercion.

DISCUSSION
The cross-cultural adaptation of the WRQOLS- 

2 into Indonesian involved a rigorous forward 
and backward translation process, similar to that  
described in previous studies, to ensure both 
linguistic and cultural relevance and to maintain 
conceptual equivalence across cultures (36-39).  
A key adaptation challenge was the term ‘organiza- 
tion,’ which in the Indonesian health context was 
replaced with the Indonesian phrase for ‘work  
institution’ to avoid misinterpretations and to  
enhance local relevance. These decisions align 
with the findings of studies showing that even 
minor terminological misalignments can signifi-
cantly affect a scale’s applicability and the validity 
of its outcomes (40,41).

The focus on content validity was instru-
mental, providing an established framework to 
guide the adaptation, thus ensuring that the scale 
measured the intended construct within the  
Indonesian cultural context (42). A panel of Indo-
nesian health professionals was pivotal in refining 
the translation to convey the intended meanings, 
ensuring that each item was contextually appro-
priate (43, 44). This approach aligns with the em-
phasis on expert reviews in maintaining a scale’s 
psychometric properties (45). The successful 
content validity assessment, indicated by a high 
I-CVI of 1.00 and a robust overall S-CVI, reflects a 
strong expert consensus on the scale’s appropri-
ateness and relevance, supporting its methodo-
logical rigor (22).

The Indonesian WRQOLS-2 demonstrated  
excellent internal consistency, with a Cronbach’s 
alpha of 0.958, which is higher than that seen in 
previous adaptations into other languages such 
as the Chinese version (Cronbach’s alpha of 0.93) 
(46). This indicates a high level of agreement 
among the scale items, affirming its reliability 
in evaluating the quality of working life among 
Indonesian health professionals. The scale’s 
test-retest reliability, supported by a good ICC  
of 0.903, underscores its consistency across 
different administrations. Despite these strong  
indicators, some issues were noted with the 
‘Stress at Work’ dimension (items 7, 19, and 29), 
leading to a targeted retest with ten native profes-
sionals to refine those item translations to better 
reflect cultural perceptions of workplace stress. 
For example, the term ‘pressured’ was changed to 
‘ditekan’ to emphasize external pressures, ‘exces-
sive stress’ was modified to ‘stres melebihi batas 
yang wajar’ to convey culturally relevant thresh-
olds of stress, and to avoid the negative connota-
tions of ‘ditekan’ was changed to ‘dituntut’ which 
more neutrally indicates a requirement to work 
beyond standard hours without suggesting undue  
coercion. These adjustments, informed by the 
iterative testing approach recommended in the 
cross-cultural adaptation literature, highlight 
the dynamic nature of translation in cross-cul-
tural research and the necessity for continuing 
refinement to maintain scale integrity and rele-
vance (47). These refinements enhance the scale’s 
ecological validity, ensuring that it accurately  
reflects the realities of the Indonesian health  
environment, thus improving its reliability and 
utility for assessing workplace quality of life. 

In addition, global public health priorities in-
creasingly emphasize the importance of improving  
workplace conditions for health workers, as their 
well-being directly impacts the quality of care 
provided to patients (3, 5, 44). The rigorous metho- 
dology of this study could help guide similar ef-
forts in regions that have yet to adopt such tools, 
supporting evidence-based policies and inter-
ventions that improve employee satisfaction and 
patient care outcomes globally.

This study has several limitations. First, the  
Indonesian version of the WRQoLS-2 was designed 
to assess the organizational aspects of quality of 
work life and is not suitable for self-employed  

Table 4. pearman correlation coefficients SAW dimen-
sions between the Indonesian WRQoLS-2 and the Original 
WRQoLS-2

SAW dimension
Correlation 
coefficient

p-valueWRQoLS-2 
Original

WRQoLS-2 
Indonesian

7
19
24
29

7
19
24
29

0.078
0.277
0.461
0.045

0.644
0.092
0.004*

0.790
*Significant correlation p < 0.05
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individuals or for assessment of individuals. Second, 
the instrument does not include built-in demo-
graphic or exposure measurement components; 
thus, organizations wishing to explore associa-
tions between quality of work and specific varia-
bles must collect contextual data independently. 
While this study focused exclusively on registered 
nurses, the WRQoLS-2 may have potential for use 
among other hospital personnel. However, further 
validation is recommended prior to applying the 
scale to different health professional groups.

The Indonesian WRQoLS-2 is suitable for in-
tegration into routine assessments of workforce 
well-being in hospitals, particularly for short-
term evaluations. To enhance its utility, it is im-
portant for institutions to collect complementary 
data on demographics and work exposure to help 
contextualize the results and to support more 
precise interpretations. Future research should 
focus on validating this instrument among other  
health professionals (e.g., physicians, allied health 
staff, and midwives) and in diverse health settings 
(e.g., private, military, or religious-based hospi-
tals) across various regions and employment 
statuses in Indonesia. Ultimately, insights from 
WRQoLS-2 assessments should be used to guide 
institutional policymaking and interventions 
aimed at improving the quality of work life for In-
donesia’s health workforce.

CONCLUSIONS
The Indonesian WRQoLS-2 is a valid and re-

liable tool for assessing the quality of work life 
among hospital nurses in Indonesia. Further 
studies are recommended to evaluate its appli-
cability among other hospital personnel before 
broader implementation of the program.
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Supplementary 1. The forward-backward translation and the feedback from Dr. Darren 

No. Original Synthesis of 
Forward Translation 

Back translation 1 Back translation 2 Comments 

1. I have a clear set of 
goals and aims to 
enable me to do my 
job 

Saya memiliki 
sejumlah target dan 
tujuan jelas untuk 
bekerja 

I have a number of 
clear targets and 
goals to work 

I have clear targets 
and goals for work 

Good 

2. I feel able to voice 
opinions and 
influence changes 
in my area of work 

Saya merasa mampu 
menyampaikan 
pendapat dan 
membawa 
perubahan di 
lingkungan kerja 

 

I feel like I am able to 
express opinions and 
create changes at 
work. 

I feel like I can express 
my opinions and 
introduce changes in 
my work environment 

Influence is weaker than 
introduce 

3. I have the 
opportunity to use 
my abilities at work 

Saya berkesempatan 
mempraktikkan 
kemampuan saya 
saat bekerja 

I have the opportunity 
to practice my 
capability when 
working. 

I have the chance to 
practice my skills 
when working 

 

Good 

4. I feel well at the 
moment 

Saya merasa baik 
saat ini 

I feel well at the 
moment. 

I feel good now OK, but feel well means both 
health and wellbeing 

5. My employer 
provides adequate 
facilities and 

Atasan saya 
menyediakan cukup 
fasilitas dan 

My employer provides 
sufficient facility and 
flexibility for me to 

My boss provides 
enough facilities and 
flexibility for me so I 

Employer here means the 
organization in general, rather 



No. Original Synthesis of 
Forward Translation 

Back translation 1 Back translation 2 Comments 

flexibility for me to 
fit work in around 
my family life 

fleksibilitas bagi saya 
untuk menyesuaikan 
waktu kerja dan 
keluarga 

adjust to work and 
family times 

can adjust my time for 
work and family 

than a specific person like a 
boss 

6. My current working 
hours / patterns 
suit my personal 
circumstances 

Jam/ pola kerja saya 
saat ini sesuai untuk 
situasi pribadi saya 

My work 
hours/pattern at the 
moment is suitable 
for my personal 
circumstance 

My current work 
hours/pattern is 
suitable for my 
personal situation 

Good 

7. I often feel under 
pressure at work 

Saya sering merasa 
tertekan saat bekerja 

I often feel pressures 
when working 

I often feel stressed at 
work 

Pressure can be positive, stress 
is always negative 

8. When I have done a 
good job it is 
acknowledged by 
my line manager 

Jika kerja saya bagus, 
saya mendapatkan 
pujian/ imbalan dari 
manajer saya 

If I work well, I 
receive 
compliments/rewards 
from my manager 

 

If I work well, I get 
appreciation/reward 
from my manager 

 

Acknowledged means it is 
recognized / seen rather than 
being rewarded 

 

9. Recently, I have 
been feeling 
unhappy and 
depressed 

Akhir-akhir ini, saya 
sedang merasa tidak 
bahagia dan depresi 

I am feeling unhappy 
and depressed lately 

Recently, I have been 
feeling unhappy and 
depressed 

Good 



No. Original Synthesis of 
Forward Translation 

Back translation 1 Back translation 2 Comments 

10. I am satisfied with 
my life 

Saya puas dengan 
hidup saya 

I am satisfied with my 
life. 

I am satisfied with my 
life 

Good 

11. I am encouraged to 
develop new skills 

Saya terdorong 
untuk 
mengembangkan 
keterampilan baru 

I am encouraged to 
develop new skills 

I am motivated to 
develop new skills 

Good 

12. I am involved in 
decisions that 
affect me in my 
own area of work 

Saya terlibat dalam 
keputusan yang 
memengaruhi diri 
saya di lingkungan 
kerja 

I am involved in 
decisions that affect 
me in my work 
environment 

I am involved in 
decisions that affect 
me in the work 
environment 

Good 

13. My employer 
provides me with 
what I need to do 
my job effectively 

Atasan saya 
menyediakan apa 
yang saya butuhkan 
untuk bekerja secara 
efektif 

My employer provides 
everything I need to 
work efficiently 

My boss provides 
what I need to work 
effectively 

Employer here means the 
overall organization rather than 
boss. Also effectively means 
doing your job well / to a good 
standard, not just quickly 

 

14. My line manager 
actively promotes 
flexible 
hours/patterns 

Manajer saya secara 
aktif 
mempromosikan 
jam/pola kerja 
fleksibel 

My manager actively 
promotes flexible 
work hours/patterns 

My manager actively 
promotes flexible 
work hours/pattern 

Good 



No. Original Synthesis of 
Forward Translation 

Back translation 1 Back translation 2 Comments 

15. In most ways my 
life is close to ideal 

Secara garis besar, 
hidup saya 
mendekati ideal 

In general, my life is 
almost ideal 

Broadly speaking, my 
life is almost ideal 

Good 

16. I work in a safe 
environment 

Saya bekerja di 
lingkungan yang 
aman 

I work in a safe 
environment 

I work in a safe 
environment 

Good 

17. Generally things 
work out well for 
me 

Sebagian besar hal 
dalam hidup saya 
berjalan lancar 

Most things in my life 
work well 

Most of the things in 
my life go smoothly 

Good 

18. I am satisfied with 
the career 
opportunities 
available for me 
here 

Saya puas dengan 
peluang karier yang 
tersedia bagi saya di 
tempat kerja ini 

I am satisfied with the 
career opportunities 
that I have in this 
workplace 

I am satisfied with the 
career opportunities 
available for me at this 
workplace 

Good 

19. I often feel 
excessive levels of 
stress at work 

Saya sering merasa 
stres berlebihan saat 
bekerja 

I often feel 
overwhelmingly 
stressed when 
working 

I often feel extremely 
stressed at work 

Excessive is a weaker word 
than extremely or 
overwhelmingly, more like 
‘more than I would want. 

20. I am satisfied with 
the training I 
receive in order to 

Saya puas dengan 
pelatihan yang saya 
terima untuk 

I am satisfied with the 
trainings that I 
received to do my job 
at the moment 

I am satisfied with the 
training I received for 
doing my current job 

Good 



No. Original Synthesis of 
Forward Translation 

Back translation 1 Back translation 2 Comments 

perform my 
present job 

melakukan pekerjaan 
saya saat ini 

21. Recently, I have 
been feeling 
reasonably happy 
all things 
considered 

Akhir-akhir ini, saya 
secara umum sedang 
merasa bahagia 

Lately, I feel happy in 
general 

Recently, generally I 
have been feeling 
happy 

Reasonably happy is weaker 
than happy. May be better as: 
In  general, I am feeling quite 
(or sufficiently?) happy at the 
moment 

22. The working 
conditions are 
satisfactory 

Kondisi pekerjaan 
saya memuaskan 

My working condition 
is satisfying 

 

My work condition is 
satisfactory 

Working conditions is normally 
taking to be the physical 
environment where you work 

23. I am involved in 
decisions that 
directly affect 
members of the 
public 

Saya terlibat dalam 
pengambilan 
keputusan terkait 
langsung dengan 
orang banyak 

I am involved in the 
decision makings that 
are directly related 
with many people 

I am involved in the 
making of decisions 
that directly affect 
many people 

This is always a tricky one to 
translate – it originally comes 
from a medical context where 
the word was ‘patients’ and 
really refers to the people the 
organization serves (eg 
students in a university), I have 
also seen this changed to 
clients or customers. 

24. I have unachievable 
deadlines 

Saya memiliki 
tenggat waktu yang 
sulit dicapai 

I have deadlines that 
are difficult to meet 

I have unrealistic 
deadlines 

Unachievable is a bit stronger 
and may be better as deadlines 
I could never meet 



No. Original Synthesis of 
Forward Translation 

Back translation 1 Back translation 2 Comments 

 

25. I am able to achieve 
a healthy balance 
between my work 
and home life 

Saya bisa meraih 
keseimbangan yang 
sehat antara 
pekerjaan dan 
keluarga saya 

I can have healthy 
work and family 
balance 

I can achieve a healthy 
balance between work 
and family 

This is OK, but in English home 
life would also include hobbies 
and leisure (eg so it works for 
people who don’t have a family) 

26. The organisation 
communicates well 
with its employees 

Tempat kerja 
berkomunikasi 
dengan baik dengan 
para pekerjanya 

The workplace 
communicates well 
with the staff 

Workplace 
communicates well 
with the employees 

Organization here means the 
wider company or hospital you 
work for – so ‘IBM’ or ‘Bangkok 
central hospital’ rather than the 
specific place or dept you work 
in. 

27.  I am proud to tell 
others that I am 
part of this 
organisation 

Saya bangga 
memberitahu orang 
lain bahwa saya 
bagian dari tempat 
kerja ini 

I am proud to inform 
people that I am part 
of this workplace 

I am proud to tell 
others that I am part 
of this workplace 

Organization here means the 
wider company or hospital you 
work for 

28. I would 
recommend this 
organisation as a 
good one to work 
for 

Saya akan 
merekomendasikan 
tempat kerja ini 
sebagai tempat kerja 
yang baik. 

I will recommend this 
workplace as a good 
workplace 

I will recommend this 
workplace as a good 
workplace 

Organization here means the 
wider company or hospital you 
work for 



No. Original Synthesis of 
Forward Translation 

Back translation 1 Back translation 2 Comments 

29. I am pressured to 
work long hours 

Saya ditekan untuk 
bekerja lembur 

I am pressured into 
working overtime 

I am forced to work 
overtime 

Not really overtime, which is 
more formal and people usually 
get paid extra for it. 

Long work hours could be 
overtime, but also could means 
unpaid work (eg answering 
emails whilst at home / on 
holiday) 

30. I have sufficient 
opportunities to 
question managers 
about change at 
work 

Saya memiliki cukup 
peluang untuk 
mempertanyakan 
tentang perubahan 
di tempat kerja 
kepada manajer 

I have sufficient 
opportunities to ask 
about 

I have enough chances 
to ask about the 
changes in the 
workplace to manager 

May be better as: I have enough 
chances to ask my manager 
about changes in the 
workplace. 

31. I am happy with the 
physical 
environment where 
I usually work 

Saya senang dengan 
lingkungan fisik di 
tempat saya biasa 
bekerja 

I am happy with the 
physical environment 
of where I work 

I am happy with the 
physical environment 
of the place I normally 
work in 

Good 

 

32. I am satisfied with 
the overall quality 
of my working life 

Saya puas dengan 
keseluruhan kualitas 
kehidupan kerja saya 

I am satisfied with the 
overall life quality of 
my workplace 

I am satisfied with the 
quality of my work life 
in general 

Good 
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 ABSTRACT

OBJECTIVE  Leukemia is a blood cancer which is expressed by an un-
controlled increase in abnormal white blood cells. To date, chemotherapy 
has been regularly used to treat leukemia. However, the major problem 
with chemotherapy is the side effects for leukemia patients. Nowadays, 
medicinal plants are of interest as an additional form of cancer treat-
ment. Virgin coconut oil (VCO) is a source of antioxidants, anti-viral, anti- 
inflammatory, and anti-cancer properties. This study was designed to  
investigate the potential of VCO to inhibit the growth of leukemic cells by 
inducing cell cycle arrest and apoptosis.

METHODS  The VCO was analyzed using gas chromatography coupled 
with mass spectrometry (GC-MS). In the experiment, two leukemic cell 
lines, K562 and MOLT-4, were treated with various concentrations of 
VCO for 48 h. Cytotoxic effects were measured using the MTT assay and 
compared to commercial lauric acid. Cell cycle analysis was performed 
using propidium iodide (PI) staining, and apoptosis was assessed using an 
Annexin V-FITC kit.

RESULTS The study found that VCO is primarily composed of lauric 
acid, caprylic acid, capric acid, myristic acid, palmitic acid, linoleic acid, 
oleic acid, and stearic acid. In addition, VCO showed cytotoxic effects  
in both K562 and MOLT-4 cells, with IC50 values of 618.2 µg/mL and  
between 654 and 760 µg/mL, respectively. Cell cycle analysis demonstrated  
that VCO induced accumulation of cells in the G2/M phase.  Additionally, 
the apoptosis assay demonstrated that VCO treatment induces apoptosis, 
particularly in K562 cells, in a cell-dependent manner. 

CONCLUSIONS VCO is a promising source of bioactive compounds 
which exhibit cytotoxic, cell cycle arrest and apoptotic effects on leukemic 
cells in-vitro, suggesting its potential for further investigation as an anti- 
leukemic agent.  

 KEYWORDS  virgin coconut oil, lauric acid, leukemia, apoptosis, K562, 
 MOLT-4
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INTRODUCTION
Cancer is a major cause of morbidity and 

mortality worldwide, with nearly 20 million new 
cases and 9.7 million cancer-related deaths in 
2022 (1). The number of new cases is anticipated  
to increase by 70% over the next 2 decades. 
Approximately one-third of cancer deaths are 
caused by habit-related factors such as high body 
mass index, lack of physical activity, low fruit and 
vegetable consumption, tobacco use, and alcohol 
use. Leukemia is among the most prevalent can-
cers worldwide (2, 3). In 2018, the Thai population 
was close to 65 million. The number of new cancer  
cases registered that year was 170,500 with 
114,200 cancer deaths (4). In Thailand, 21 percent 
of the population is < 15 years of age; the number 
of new cancer cases in this age group is approxi-
mately 1,000/year (5). During 2007-2008 the can-
cer related mortality rates in Thai children aged 
6-12 and 13-18 were 2.16 and 2.13 per 100,000,  
respectively. Leukemia is the most common can-
cer in Thai children (about 30.00%), followed by 
cancer of the brain and other areas of the nervous 
system (20.00%), lymphoma (18.00%), renal tumors 
(10.00%), and others (22.00%) (6).

Leukemia is a type of malignant neoplasm asso- 
ciated with organs that produce blood cells 
which is identified by an uncontrollable increase 
of blood cells (7). Development of leukemia is as-
sociated with exposure to radiation, toxic chem-
icals, chemotherapeutic agents, viral and other 
microorganisms as well as genetic disorders. It 
is amplified by chromosomal instability, cigarette 
smoking, and other environmental factors which 
can lead to genetic changes in leukemic cells that 
in turn affect the functions of other genes, includ-
ing tumor suppressor genes and oncogenes. The 
disease can rapidly proliferate and can be clas-
sified as acute or chronic, myeloid or lymphoid 
(8). The forms of leukemia that impact the mye-
loid and lymphoid systems include acute myeloid 
leukemia (AML), chronic myeloid leukemia (CML), 
acute lymphoblastic leukemia (ALL) and chronic 
lymphocytic leukemia (CLL) (9).

Presently, chemotherapy is very often utilized 
for the treatment of leukemia. It has had a very good 
outcome in the early stages of treatment (10). 
However, the main problem of chemotherapy is 
the side effects on the leukemia patients, e.g., it 
can result in drug resistance after a long period 

of treatment. Active compounds from medicinal 
plants normally included in compilations of tra-
ditional Thai drug recipes represent a source of  
potential additional options for cancer treatment. 

Medicinal plants represent local natural re-
sources which long have been associated with 
Thai culture, e.g., as basic foods and as traditional 
medicines. Most medicinal plants are relatively  
inexpensive and are easy to find in many local 
areas, and most have been demonstrated to be 
safe and to have few side effects. Coconut oil is 
widely used worldwide for both food and non-
food purposes. It is available in different forms, 
including virgin coconut oil (VCO), crude coconut 
oil (CCO), and refined coconut oil (RCO) (11). VCO, 
commonly consumed in Asia, particularly in Thai-
land, Malaysia, and the Philippines, is extracted 
from fresh coconut milk under controlled tem-
peratures to preserve its bioactive compounds 
(12). These bioactive components include vitamins  
and polyphenols (e.g., ferulic acid, coumaric acid, 
gallic acid, catechin, and kaempferol or their sugar  
derivatives) (13, 14). 

Apoptosis, or programmed cell death, is charac- 
terized by distinct morphological and biochemical 
changes, including cell shrinkage, cytoplasmic 
condensation, chromatin condensation, DNA 
fragmentation, and plasma membrane blebbing. 
It plays a crucial role in maintaining tissue home-
ostasis by regulating cell populations, allowing 
the removal of aged or damaged cells while facili- 
tating the growth of new ones. However, carcin-
ogens can disrupt apoptotic pathways, enabling 
uncontrolled cancer cell proliferation (15). Basi-
cally, cell division is regulated by cell cycle control 
mechanisms to ensure the production of identical 
cells. The cell cycle contains 4 stages: gap 1 (G1) 
phase, synthesis (S) phase, gap 2 (G2) phase and 
mitosis (M) phase during which the cell grows, 
replicates its DNA, and prepares for mitosis,  
respectively. The mitotic cell cycle can normally 
be divided into 2 major phases, the interphase and 
the M phase. During the interphase, there will be 
duplicates of cellular content within the cells and 
separated into two genetically identical daughter 
cells in mitosis. DNA replication occurs during 
the interphase during the S-phase (the synthesis 
phase). The interphase period, which separates 
the S-phase from the M-phase, is called the Gap 
or G1 precede the S phase and G2 phase after the 
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S phase. According to observational evidence, 
there is a gap between two main events, the du-
plication and dissociation of DNA. These phases 
are important moments for cell cycle regulation 
and include the decision to enter the cell cycle 
in the G1 and to initiate the process leading to 
chromosome segregation in the G2. In unicellular 
and multicellular eukaryotes, cell division is con-
trolled by a complex network of control, monitor-
ing and balancing mechanisms to ensure that no 
errors occur before the cells are allowed to enter 
and progress through the cell cycle and to divide. 
Checkpoints can delay cell cycle progression, or, 
in response to irreparable DNA damage, induce 
cell cycle exit or cell death (16).  

VCO contains a high amount of medium-chain 
saturated fatty acids (MCFAs), particularly lauric  
acid which comprises approximately 45.00-52.00% 
of its total fatty acid content (17). Lauric acid has 
been reported to exhibit antimicrobial proper-
ties (18). For example, lauric acid and its deriv-
ative monolaurin have been shown to disrupt 
the cell membranes of Gram-positive bacteria 
and lipid-coated viruses. Additionally, they in-
terfere with cellular responses by stimulating 
transduction cascades and gene transcription. 
Beyond its antimicrobial activity, lauric acid also 
plays a role in anti-inflammation by inhibition of 
the nuclear factor-κB (NF-κB) transcription fac-
tor activation and the phosphorylation of MAP 
kinases (19). Moreover, VCO has demonstrated  
dose-dependent cytotoxicity in various cancer 
cell lines, including HCT-15 (human colon can-
cer), HepG2 (human hepatocellular carcinoma), 
and RAW 264.7 (murine macrophages), by induc-
ing apoptotic morphological changes (14). Fur-
thermore, consuming VCO during chemotherapy  
has been associated with improved quality of 
life in breast cancer patients (20). VCO has also 
exhibited antiviral, anti-inflammatory (13), and 
antidiabetic properties (17), as well as thera-
peutic potential for skin disease (17). Additionally, 
low-dose VCO treatment has been reported to 
reverse hepatic structural alterations and cer-
tain biochemical changes in obese rats (21). VCO 
has also been shown to enhance resistance to 
methotrexate-induced oxidative stress and in-
flammation in rats (22). However, few studies 
have explored the anticancer properties of VCO. 
Calderon et al. reported that VCO inhibited the 

growth of SKBr-3 breast cancer cells (23), while 
Verma et al. demonstrated its anticancer effects 
in liver and oral cancer models (24). Currently, no 
studies have investigated the effects of VCO on 
cell proliferation, cell cycle arrest, and apoptosis 
in K562 (human erythroleukemia) and MOLT-4 
(T-cell leukemia) cell lines. Therefore, the objec-
tive of this study was to evaluate the antiprolifer-
ative effects of VCO in these leukemic cell lines 
by assessing its ability to induce cell cycle arrest 
and apoptosis.

METHODS 
Chemical materials

RPMI 1640 medium supplemented with 25 mM  
HEPES and L-glutamine, fetal bovine serum (FBS), 
penicillin-streptomycin, phosphate-buffered saline  
(PBS), and trypan blue dye solution were obtained 
from Cytiva HyClone™ (Logan, UT, USA). MTT dye 
and commercial lauric acid were purchased from 
Sigma-Aldrich (St. Louis, MO, USA).

Test materials
Five samples of 100% pure VCO were used in 

this study. Sample No. 1 was prepared traditionally  
using indigenous methods by a local villager. 
Samples No. 2-5 were commercially available and 
obtained from a pharmacy (Chiang Mai University 
Pharmacy, Chiang Mai, Thailand). 

Cells and cell culture condition
The human CML cell line K562 (ATCC® CCL-

243™) and the human ALL cell line MOLT-4 
(ATCC® CRL-1582™) were obtained from the Cell 
Bank of the Division of Immunology, Department 
of Medical Technology, Faculty of Associated 
Medical Sciences, Chiang Mai University (Chiang 
Mai, Thailand). K562 and MOLT-4 cells were cul-
tured in RPMI 1640 medium supplemented with 
10% FBS, 25 mM HEPES, L-glutamine, 100 U/mL  
penicillin, and 100 µg/mL streptomycin. The cells  
were maintained in a humidified incubator at 
37°C with 5% CO2.

Chemical fingerprinting and fatty acid analysis 
using gas chromatography-mass spectrometry 
(GC-MS)

The VCO samples (No. 1-5) were pre-processed 
as follows. A 20 mg aliquot of each sample was 
mixed with 1 mL of methanolic NaOH and heated  
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at 65°C for 15 min with intermittent shaking. 
After incubation, the samples were cooled to 
room temperature for 5 min, followed by the  
addition of 1 mL of Milli-Q water and 1 mL of 
distilled hexane. The mixture was vortexed and  
allowed to undergo phase separation. The upper 
organic layer was carefully withdrawn using a  
micropipette without disturbing the lower aqueous 
phase. The hexane extract was transferred to a 
fresh GC vial for GC-MS analysis. Fatty acid sep-
aration was performed using a VF-5ms column 
on a Trace GC Ultra gas chromatograph under 
the following conditions. The injection port was 
maintained at 250°C, and the samples were intro-
duced through a split injection mode (50 : 1 split 
ratio). The oven temperature was initially set at 
50°C, then increased to 120°C and held for 5 min. 
The temperature was further ramped up to 170°C 
at a rate of 5°C/min and then held for 5 min, fol-
lowed by an increase to 230°C at 5°C/min and 
then held for 5 min. Finally, the temperature was 
raised to 250°C at 5°C/min and held for 2 min. 
The separated compounds were analyzed using 
a TSQ Quantum XLS mass spectrometer, and the 
total ion chromatogram was recorded in scan 
mode. Mass spectra were acquired for ions rang-
ing from m/z 50 to 500.

MTT cytotoxicity assay
The cytotoxic effects of VCO No. 1 (hand-made) 

and VCO No. 2-5 (commercially manufactured) 
were evaluated using the MTT assay. The VCO 
No. 1-5 were dissolved in dimethyl sulfoxide 
(DMSO) as a stock substance at a concentration of  
25 mg/mL. Then the stock substance was diluted 
by 0.2% DMSO in RPMI 1640 medium to concen-
trations between 0-3,200 µg/mL. Briefly, K562 
and MOLT-4 cells (1.0 × 10⁴ cells/well) were seed-
ed in 96-well plates containing 100 µL of culture 
medium and incubated for 24 h. Following incu-
bation, 100 µL of fresh medium containing vari-
ous concentrations of VCO (0-3,200 µg/mL) was 
added to each well, and the cells were incubated  
for an additional 48 h. After treatment, 15 µL of 
MTT dye solution per 100 µL of medium was  
added to each well, and the plates were incubated  
at 37°C in a humidified 5% CO2 atmosphere for 4 h. 
Subsequently, 200 µL of DMSO was added to dis-
solve the formazan crystals. The absorbance was  

measured using an ELISA plate reader (Thermo  
Scientific, Multiskan SkyHigh, Singapore at 540 
nm, with a reference wavelength of 630 nm. 
Higher optical density values corresponded to a 
greater number of viable cells capable of metabo- 
lizing MTT salts.

Cell viability was calculated using the follow-
ing formula:

			       Mean absorbance in test wells  
		                  Mean absorbance in control wells 

The average cell survival rate, obtained from 
triplicate determinations at each concentration,  
was plotted as a dose-response curve. The ex-
periment was conducted in three independent 
trials to ensure reproducibility. The 50.00% in-
hibitory concentration (IC50) of VCO was deter-
mined as the lowest concentration that reduced 
cell viability by 50.00% compared to the untreat-
ed control or the vehicle control (0.2% DMSO in 
culture medium). The IC50 values were expressed 
as the mean ± standard deviation (SD) and were 
compared to evaluate cytotoxic activity (25). 
The IC50 values (cytotoxic doses) from the VCOs 
were compared to lauric acid with regard to their  
effects on cell cycle analysis and apoptosis assay.

Cell cycle analysis
K562 and MOLT-4 cells (5 × 105 cells/well) were 

seeded into 6-well plates and treated with vehicle 
control, VCO (No. 1 represents hand-made VCO 
and No. 3 represents commercial VCO with bottle 
identification “100% VCO, high lauric acid, pre-
mium grade, and chemical free”, or lauric acid 
for 24 h. Following treatment, the cells were har-
vested, washed twice with PBS, and fixed in cold 
70% ethanol at -20°C overnight. The ethanol was 
carefully removed by centrifugation at 1,500 x g 
for 3 minutes, and the cells were washed with PBS 
to minimize cell loss. The pelleted cells were then 
resuspended in 1 mL of staining solution contain-
ing 25 µg/mL RNase (United States Biological, 
Salem, MA, USA) and 50 µg/mL propidium iodide 
(PI) (Merck Millipore, Darmstadt, Germany), and 
incubated in the dark at room temperature for 
30 minutes. Cell cycle distribution was analyzed 
using flow cytometry (Beckman Coulter DxFLEX, 
Brea, CA, USA).

x 100% Cell survival  = 
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Apoptosis detection via Annexin-V-FITC/PI assay
K562 and MOLT-4 cells (3 × 105 cells/well) were 

seeded into 6-well plates and treated with vehicle 
control, VCO (No. 1 and No. 3), or lauric acid at 
the indicated concentrations for 48 h. Following 
treatment, the cells were harvested by centrifu-
gation at 1,500 × g for 3 minutes at room temper-
ature and washed twice with ice-cold PBS. The 
cells were then stained with Annexin V-FITC/
PI (Elabscience, Houston, TX, USA) following the 
manufacturer’s instructions and analyzed using 
flow cytometry.

Statistical analysis
All data are presented as mean ± SD from the 

three independent experiments. The comparison 
between the treated and control group was per-
formed using Student’s t-test (for comparisons of 
two treatment group) (26, 27). Differences were 
considered statistically significant if p < 0.05 (*), 
highly significant if p < 0.01 (**), and extremely 
significant if p < 0.001 (***).

RESULTS 
Characterization of VCO fatty acid composition

The GC-MS analysis of VCO No. 1-5 revealed 
an identical fatty acid composition across all 
samples (Figure 1A-1E), indicating consistency in 
their chemical profiles. The identified fatty acids 
included lauric acid, caprylic acid, capric acid, 
myristic acid, palmitic acid, linoleic acid, oleic 
acid, and stearic acid. These findings confirm the 
uniformity of the VCO samples, ensuring that any 
observed biological effects are attributable to the 
intrinsic properties of VCO rather than composi-
tional variability.

 
Cytotoxic effects of VCO on K562 and MOLT-4 
cell lines

As shown in Table 1, the IC50 value of VCO 
samples (No. 1-5) in K562 cells was 618.2 µg/mL, 
whereas lauric acid exhibited significantly higher 
cytotoxicity, with an IC50 of 42.3 µg/mL. Similarly, 
in MOLT-4 cells, the IC50 values for VCO samples 
ranged from 654.5 to 760.0 µg/mL (No. 1-5: 690.9, 
654.5, 654.5, 690.9, and 760.0 µg/mL, respective-
ly). In contrast, lauric acid displayed a markedly 
lower IC50 of 42.2 µg/mL, indicating its greater 
potency in inhibiting cell viability. The dose-de-
pendent cytotoxic effects of VCO and lauric acid 

on K562 and MOLT-4 cells are illustrated in Fig-
ures 2 and 3. A progressive decline in cell viabil-
ity was observed with increasing concentrations 
of both treatments. Notably, lauric acid induced 
a more pronounced reduction in cell viability 
at lower concentrations, further supporting its 
stronger cytotoxic potential compared to VCO.

VCO induces cell cycle arrest in K562 and MOLT-4 
cells

The effect of VCO on cell cycle progression in 
K562 and MOLT-4 cells were determined. K562 
cells was treated with varying concentrations 
(close to the IC50 values) of VCO No. 1 and VCO 
No. 3 compared to (close to the IC50 values) lauric 
acid for 24 h to evaluate their impact on cell cycle  
progression. As shown in Figure 4A, treatment 
with VCO No. 1 at 150, 300, and 500 µg/mL re-
sulted in a dose-dependent decrease in S-phase 
DNA content from 29.11% to 24.91%, 25.06%, and 
23.20%, respectively. Concurrently, the G2/M-
phase DNA content significantly increased from 
23.75% in the control to 28.06%, 32.43%, and 
32.16%, respectively. Similarly, treatment with 
VCO No. 3 at 150, 300, and 500 µg/mL (Figure 4B) 
led to a decrease in S-phase DNA content from  
29.11% to 25.00%, 23.30%, and 21.79%, respectively,  
while the G2/M-phase DNA content significantly  
increased from 23.75% to 28.66%, 31.13%, and 
30.14%, respectively. These findings indicate that 
both VCO No. 1 and VCO No. 3 induce G2/M-
phase cell cycle arrest in K562 cells in a dose- 
dependent manner. In contrast, treatment with 
40 µg/mL lauric acid for 24 h reduced the G2/M-
phase DNA content from 23.75% to 18.97%, while 
significantly increasing the G1-phase DNA con-
tent from 41.80% to 51.51% compared to the con-
trol. In MOLT-4 cells, treatment with 300 µg/mL  
VCO No. 1 significantly increased the G2/M-
phase DNA content from 26.57% to 30.19%, while 
the S-phase population slightly decreased from 
29.59% to 29.06% compared to the control (Fig-
ure 5A). Similarly, treatment with 300 µg/mL 
VCO No. 3 significantly increased the G2/M-
phase DNA content from 26.57% to 30.31%, while 
the S-phase population decreased from 29.59% 
to 27.68% compared to the control (Figure 5B). 
Treatment with 40 µg/mL lauric acid induced 
a significant increase in the G1-phase popula-
tion from 38.10% to 55.00%, while reducing the 
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Figure 1. GC-MS characterization of the fatty acid profile in VCO No. 1-5. Total ion chromatograms of (A) VCO No. 1, (B) 
VCO No. 2, (C) VCO No. 3, (D) VCO No. 4, and (E) VCO No. 5, with retention times labeled at each peak. 
VCO, virgin coconut oil

Table 1. IC50 values (mean±SD) after VCO No. 1-5 and lauric 
acid treatments in K562 and MOLT-4 cell lines

Compounds
IC50 (µg/mL)

K562 MOLT-4

VCO No. 1
VCO No. 2
VCO No. 3
VCO No. 4
VCO No. 5
Lauric acid

618.2±4.94
618.2±2.94
618.2±3.15
618.2±1.37
618.2±1.98
42.3±6.90

690.9±1.28
654.5±4.20
654.5±4.02
690.9±1.29
760.0±1.85
42.2±0.41

VCO, virgin coconut oil

S-phase from 29.60% to 24.30%, and the G2/M-
phase from 26.57% to 14.24% in MOLT-4 cells 
(Figure 5A-5B).

These findings indicate that VCO No. 1 and 
VCO No. 3 promote G2/M-phase cell cycle arrest 
in a dose-dependent manner in both K562 and 
MOLT-4 cells. In contrast, lauric acid induces  
G1-phase accumulation, suggesting distinct 
mechanisms of action. The observed alterations 
in cell cycle distribution imply that VCO may  
exert cytostatic effects by delaying G2/M-phase 
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Figure 2. Cytotoxic effects of VCO No. 1-5 (A-E) and lauric acid (F) on K562 cells. Data are presented as mean ± SD from 
three independent experiments. VCO, virgin coconut oil.

Figure 3. Cytotoxic effects of VCO No. 1-5 (A-E) and lauric acid (F) on MOLT-4 cells. Data are presented as mean ± SD from 
three independent experiments.  VCO, virgin coconut oil

progression, whereas lauric acid facilitates G1-
phase arrest. The results of chemical fingerprint-
ing and fatty acid analysis using gas chromatog-
raphy-mass spectrometry (GC-MS) showed that 
VCO contains a variety of fatty acids, including 
lauric acid, caprylic acid, capric acid, myristic acid, 
palmitic acid, linoleic acid, oleic acid, and stearic 
acid. Fatty acids other than lauric acid may cause 
changes in the arrest of cells in the cell cycle  
after treatment with VCO, which is different from 
treating only lauric acid in both cell lines.

Induction of apoptosis by VCO in K562 and 
MOLT-4 Cells

To examine VCO’s role in apoptosis, we assessed 
the effects of VCO No. 1 and VCO No. 3 in K562 
cells. Our results indicate that treatment with 
300 and 500 µg/mL of VCO No. 1 for 48 h signi- 
ficantly increased apoptosis in a dose-dependent 
manner, from 4.69% in the control to 8.23% and 
10.01%, respectively (Figure 6A). Likewise, treat-
ment with 300 and 500 µg/mL VCO No. 3 re-
sulted in significant increases in apoptosis, from 
4.69% to 8.66% and 10.50%, respectively (Figure  
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Figure 4. VCO inhibits cell cycle progression. (A) VCO No. 1 and (B) VCO No. 3. Data are presented as the mean ± SD of 
three independent experiments. *p < 0.05, **p < 0.01.   VCO, virgin coconut oil.

Figure 5. VCO inhibits cell cycle progression. (A) VCO No. 1 and (B) VCO No. 3. Data are presented as mean ± SD from three 
independent experiments. *p < 0.05, **p < 0.01.  VCO, virgin coconut oil.

6B). Our findings further demonstrate that treat-
ment with 40 µg/mL lauric acid markedly in-
creased apoptotic cell death to 26.57%, while 1 
µM doxorubicin induced apoptosis at a rate of 

21.82%, both significantly higher than the control 
(Figure 6B). For the MOLT-4 cells, treatment with 
300 and 500 µg/mL VCO No. 1 and VCO No. 3 
for 48 h did not result in a significant increase in 
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Figure 6. VCO induces apoptosis in K562 cells. (A) Effects of VCO No. 1 and (B) VCO No. 3 on apoptosis induction. Data are 
presented as the mean ± SD of three independent experiments. *p < 0.05, **p < 0.01, and ***p < 0.001. 
VCO, virgin coconut oil

Figure 7. VCO induces apoptosis in MOLT-4 cells. (A) Effects of VCO No. 1 and (B) VCO No. 3 on apoptosis induction. Data 
are presented as the mean ± SD of three independent experiments. *p < 0.05 and **p < 0.01.  VCO, virgin coconut oil.
VCO, virgin coconut oil

apoptosis compared to the control (Figure 7A-7B). 
In contrast, treatment with 40 µg/mL lauric acid 
significantly increased apoptotic cell death from 
5.53% to 9.38% (Figure 7B). Additionally, treat-
ment with 1 µM doxorubicin induced apoptosis at 
a rate of 15.85%, which was significantly higher 
than the control (Figure 7B).

These findings indicate that VCO No. 1 and 
VCO No. 3 promote apoptosis in K562 cells in a 
dose-dependent manner, whereas lauric acid 
and doxorubicin significantly increased apoptotic 
cell death compared to control. In contrast, VCO 
treatment did not significantly enhance apopto-

sis in MOLT-4 cells, while lauric acid and doxoru-
bicin significantly increased apoptotic cell death, 
suggesting a differential apoptotic response be-
tween the two cell lines.

 
DISCUSSION 

Natural products have been widely utilized 
in traditional medicine because of their diverse 
bioactive compounds, which play a crucial role 
in drug discovery and development (28). Among 
them, VCO has garnered significant attention 
for its potential health benefits, including hypo-
cholesterolemic, antidiabetic, hepatoprotective, 
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antioxidant, anti-inflammatory, antimicrobial, 
skin-moisturizing, and wound-healing properties.  
These effects are primarily attributed to its medium-  
chain fatty acids (MCFAs), particularly lauric acid 
(C12), which constitutes approximately 50% of 
VCO (17, 29-35). Despite its well-documented bio- 
activities, the effects of VCO on leukemia cells 
remain largely unexplored. To address this gap, 
this study investigate the effects of VCO on K562 
and MOLT-4 leukemic cells, the first study to do 
so. Five VCO samples, including one hand-made 
(VCO No. 1) and four commercially manufactured 
(VCO No. 2-5), were analyzed. Their anti-leuke- 
mic potential was assessed by evaluating cell cy-
cle arrest and apoptosis induction, with compari-
sons to lauric acid. The findings revealed that VCO  
exposure led to a marked decrease in leukemic 
cell survival, suggesting its cytotoxic potential. 
This effect may be attributed to the high lauric 
acid content in VCO, as previous studies have 
shown that MCFAs can disrupt cancer cell metab-
olism and induce apoptosis. Similarly, lauric acid 
exhibited strong cytotoxicity, further supporting 
the role of lauric acid in mediating these effects. 
Consistent with these findings, Tima et al. reported  
that Houttuynia cordata extract exerted cyto-
toxic effects on leukemic cells at comparable 
concentrations (36). Additionally, Sheela et al. 
demonstrated that lauric acid induced dose-de-
pendent cytotoxicity in various cancer cell lines, 
including colorectal and liver cancer, as well as 
macrophages (14). These findings further high-
light the potential of lauric acid as a key bioactive 
component contributing to the cytotoxic activity 
of VCO.

Based on the viability assay results, all VCO sam-
ples exhibited comparable cytotoxicity. Therefore, 
VCO No. 1 (hand-made) and No. 3 (manufactured) 
were selected to represent traditional and com-
mercial preparations in further analyses of cell 
cycle arrest and apoptosis. Both induced G2/M 
phase arrest in K562 and MOLT-4 cells, whereas  
lauric acid treatment led to G1 phase accumula- 
tion. In addition, it has been reported that lauric  
acid induced apoptosis, reduced colon cancer  
cells (Caco2) and IEC-6 cells in the G0/G1 phase, 
resulting in S and M phase cell cycle arrest, in-
creased reactive oxygen species (ROS), and de-
pleted intracellular glutathione levels (37, 38). 
Similarly, Li et al. reported that EM23, a sesquit-

erpene lactone from Elephantopus mollis, induced 
apoptosis and G2/M or S phase arrest in K562 
and HL-60 cells (27). Collectively, these results 
suggest that VCO suppresses cell proliferation 
and induces cell cycle arrest, leading to apoptosis 
in leukemic cells.

Apoptosis is crucial for tissue homeostasis,  
eliminating damaged cells while preserving healthy 
proliferation (15). Disruptions in this process can 
lead to mutations, malignant transformation,  
metastasis, and therapy resistance (39). The apop- 
totic effect of VCO in K562 and MOLT-4 cells 
was evidenced by G2/M phase arrest. Lappano et 
al. demonstrated that 100 µM (20 µg/mL) lauric  
acid induces apoptosis in breast cancer cells (40); 
however, the present study is the first to report 
the apoptotic effects of VCO on leukemic cell 
lines. Apoptosis assays revealed a significant in-
crease in apoptotic K562 cells following treatment  
with VCO No. 1 and No. 3, whereas no significant 
change was observed in MOLT-4 cells. The results 
of cell cycle analysis showed a higher concentra- 
tion of VCO in MOLT-4 cells (300 µg/mL) signi- 
ficantly induced greater cell accumulation in 
the G2/M phase than in K562 cells (150 µg/mL).  
Thus, K562 cells are much more sensitive to VCO 
than MOLT-4 cells. This differential response 
may be attributed to the distinct cellular origins 
of K562 (CML-derived lymphoblasts) and MOLT-
4 (ALL-derived T-lymphoblasts), suggesting that 
VCO exerts its apoptotic effects in a cell type-de-
pendent manner. Furthermore, treatment with 
40 µg/mL lauric acid and 1 µM doxorubicin sig-
nificantly increased apoptosis in both cell lines. 
These findings align with Kamalaldin et al., which 
reported that VCO induced apoptosis in A549 
lung cancer cells but not in NCI-H1299 cells,  
highlighting its selective cytotoxicity based on 
cancer cell characteristics (41). However, its se-
lective apoptotic activity suggests a cell type- 
dependent mechanism. 

These findings underscore the cytotoxic ef-
fects of VCO on leukemic cells through cell cycle  
arrest and apoptosis, potentially mediated by 
its lauric acid content as the effective concen-
trations of VCO (e.g., 300-500 ug/mL) are quite 
high compared to lauric acid (40 ug/mL). Thus, 
in in-vivo and clinical studies, it is necessary to 
administer VCO, which mainly consists of MCTs 
(medium chain triglycerides; C6-C12), at a high 
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concentration as shown in previous studies. Re-
garding the potential feasibility of in-vivo studies,  
it has been reported that targeting energy meta- 
bolism with a modified diet supplemented with 
25% 8- and 10-carbon MCTs may be considered 
as part of a multimodal treatment regimen to 
improve the efficacy of neuroblastoma antican-
cer therapy in the CD-1 Nu mouse model (42). 
In addition, an antiproliferative action of MCTs 
was evidenced in a study by Otto et al. (43). The 
authors of that study showed that a ketogen-
ic diet supplemented with omega-3 fatty acids 
and 21.45% MCTs (6-12 carbons) inhibited tumor 
growth in a xenograft model of human gastric  
adenocarcinoma cells and increased the mean 
survival time of animals. The clinical application 
of MCTs in relation to their potent anticancer 
and therapeutic effects has been reported in  
several clinical studies. Extensive research on the 
ketogenic diet containing MCTs has been carried 
out in a pilot study conducted by Schmidt et al. in 
patients with advanced metastatic tumors. That 
study demonstrated notable improvements in 
patients who followed a ketogenic diet for three 
months (containing MCTs in a form of an oil-pro-
tein mixture: 21 g of fat with MCTs, 5 g of carbo-
hydrate, and 14 g of proteins) in terms of physical 
wellbeing and observed tumor shrinkage without 
adverse side effects or changes in cholesterol or 
blood lipids (44). Nevertheless, further investiga-
tions are warranted to elucidate the underlying 
molecular pathways and to assess the therapeu-
tic potential in leukemia treatment.

CONCLUSIONS 
This study is preliminary to reporting the cy-

totoxicity of VCO in K562 and MOLT-4 leukemic 
cell lines. Our findings indicate that VCO inhib-
its leukemic cell proliferation, induces cell cycle 
arrest, and promotes apoptosis in both types of 
cells. These results suggest that VCO may inhib-
it the growth of leukemic cells by regulating cell 
cycle progression and apoptotic pathways. How-
ever, the precise molecular mechanisms underly-
ing these effects remain unclear. Further inves-
tigations are needed to elucidate the signaling 
pathways involved and to determine whether the 
bioactive components of VCO act independent-
ly or synergistically in exerting their anticancer 
effects. 
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 ABSTRACT

OBJECTIVE  This study assessed the association between metabolic 
syndrome (MetS) and homeostasis model assessment of insulin resistance 
(HOMA-IR) and ferritin based on gender in Korean adults.

METHODS  This study was conducted using data from 5,730 adults (aged 
20 or older) and the Korea National Health and Nutrition Examination 
Survey.

RESULTS This study included some key findings First, HOMA-IR levels 
showed a positive correlation with quartiles (Q) of ferritin both in post-
menopausal women (p = 0.001) and in men (p < 0.001). However, there was 
no statistically significant difference between the HOMA-IR levels and the 
Q of ferritin in premenopausal women (p = 0.149). Second, using the Q1 of 
ferritin as the reference, the ORs of MetS were positively significant in 
men (Q3 [OR, 1.770; 95% CI, 1.308–2.397] and Q4 [OR, 2.385; 95% CI, 1.775–
3.20]) and postmenopausal women (Q4 [OR, 1.873; 95% CI, 1.351–2.596]). 
However, there was no significant difference between MetS and the quar-
tiles of ferritin in premenopausal women. 

CONCLUSIONS An increase in ferritin is associated with both metabolic 
syndrome and insulin resistance in both Korean postmenopausal women 
and men. However, there is no significant difference between ferritin and 
metabolic syndrome in premenopausal women.  

 KEYWORDS  ferritin, metabolic syndrome, insulin resistance, gender  
 difference, Korean adults
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INTRODUCTION
Metabolic syndrome (MetS) involves metabolic  

abnormalities indicated by central obesity, ele-
vated blood pressure (BP), elevated triglycerides 
(TGs), reduced high-density lipoprotein choles-
terol (HDL-C), and elevated fasting blood glucose 
(FBG) and is characterized by insulin resistance 
(1). MetS is a strong predictor of type 2 diabetes 
mellitus (T2DM) and cardiovascular disease (CVD) 

and is closely related to increased cardiovascular 
mortality and morbidity (2, 3).

Iron is a component of red blood cells in the 
human body and plays a crucial role in the proper 
functioning of the immune system, the synthesis 
of DNA and other amino acids, and various energy 
metabolism processes through its role in enzymes 
and proteins (4). Ferritin reflects the iron store 
because iron is combined with apo-ferritin and 
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stored as serum ferritin (5). Although increased 
ferritin levels are sometimes used as an indicator 
of reduced iron deficiency anemia (IDA), exces-
sive ferritin levels are positively correlated with 
insulin resistance, CVD and inflammation (6-8).

Research on ferritin and MetS is being con-
ducted worldwide. Most of the previous studies 
have reported that an increase in ferritin is asso-
ciated with MetS (9-11). However, the relationship  
between MetS and ferritin can vary by sex because 
of the differences in sex hormones, eating habits, 
and menstruation. Blood loss due to menstruation 
and certain dietary patterns contribute to lower 
ferritin levels and iron deficiency in women (12). 
Sex hormones, testosterone in men and estrogen  
in women, play a key role in regulating iron meta- 
bolism and are also linked to MetS (13). There-
fore, this study aimed to conduct an analysis of 
the relationship between MetS and ferritin in  
Korean men and pre- and post- menopausal Kore-
an women using the Korea National Health and  
Nutrition Examination Survey data.

METHODS
Study subjects

In the data of KNHANES V-1, the number of 
adults aged 20 years or older was 6,665 out of 
8,958. We excluded 935 subjects for whom analytic  
variable data were missing, such as ferritin and 
various blood chemistry tests. Finally, 5,730 subjects 
(men, 2,469; women, 3,261 [premenopausal women,  
1,620; postmenopausal women, 1,641]) were in-
cluded in the statistical analysis. This study was 
conducted according the principles expressed in 
the Declaration of Helsinki (Institutional Review 
Board No [IRB No], 2010-02CON-21-C).

General characteristics and blood chemistry
Research participants were classified by 

smoking status (non-smoker or current smoker),  
regular exercise (no or yes), and alcohol consump-
tion (no or yes). Anthropometric measurements 
included waist circumference (WC), body mass 
index (BMI), systolic blood pressure (SBP), and 
diastolic blood pressure (DBP). Clinical measure-
ments included measurements of HDL-C, total 
cholesterol (TC), TGs, FBG, total iron binding ca-
pacity (TIBC), hematocrit (Hct), hemoglobin (Hb), 
serum iron (Fe), and ferritin levels.

Metabolic syndrome, metabolic syndrome score 
and HOMA-IR

MetS was defined using the diagnostic criteria 
of the National Cholesterol Education Program 
(NCEP) based on common clinical measures in-
cluding WC, HDL-C, SBP, DBP, TGs, and FBG.  
Abdominal obesity was classified as WC ≥ 80 cm 
in women or WC ≥ 90 cm in men (14).  Elevated BP 
was diagnosed by a physician as hypertension and 
classified as SBP ≥ 130 mmHg or DBP ≥ 85 mmHg. 
Elevated TGs was classified as TGs ≥ 150 mg/dL. 
Elevated FBG was classified as FBG ≥ 100 mg/dL. 
Reduced HDL-C was classified as HDL-C < 40 
mg/dL in men and HDL-C < 50 mg/dL in women.  
If three or more of these five measures are present, 
it is classified as MetS (15). Participants without 
any of the components were classified as MSS 0, 
and those with 1, 2, 3, or 4 or more of the risk fac-
tors were classified as MSS 1, 2, 3, or ≥ 4, respec-
tively. Homeostasis model assessment of insulin 
resistance (HOMA-IR) was calculated as [FBG 
(mg/dL) × fasting insulin (μU/mL)]/405 (16).

Ferritin
Levels of ferritin were measured by immuno- 

fluorescence-mat ferritin (DiaSorin Inc., Stillwater, 
MN, USA) using a Wallac Wizard 1470 Automatic  
Gamma Counter (Perkin Elmer Life Sciences, 
Turku, Finland). Ferritin was classified in quartiles 
(Q) because the cut-offs for ferritin were not yet  
clear. The quartiles of ferritin by gender are classi-
fied as follows: men and women together quartile 
1 (Q1), 29.5 μg/L or less; quartile 2 (Q2), 29.6-59.0 
μg/L; quartile 3 (Q3), 59.1-103.8 μg/L; quartile 4 
(Q4), 103.9 μg/L or more. In men, Q1, 63.5 μg/L 
or less; Q2, 63.6-98.0 μg/L; Q3, 98.1-150.9 μg/L; 
Q4, 151.0 μg/L or more. In women, Q1, 19.8 μg/L 
or less; Q2, 19.9-38.8 μg/L; Q3, 38.9-64.1 μg/L; 
Q4, 64.2 μg/L or more. In premenopausal women,  
Q1, 11.7 μg/L or less; Q2, 11.8-24.0 μg/L; Q3, 24.1-
43.2 μg/L; Q4, 43.3 μg/L or more. In postmeno- 
pausal women, Q1, 35.3 μg/L or less; Q2, 35.4-55.0 
μg/L; Q3, 55.1-85.2 μg/L; Q4, 85.3 μg/L or more.

Statistical analysis
Statistical analysis was performed using SPSS 

(version 18.0, IBM, Chicago, IL, USA). Differences 
in the means and distribution of characteristics 
by gender were analyzed using chi-square analysis  
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Table 1. Clinical characteristics of research subjects

Variables
Overall

(n = 5,730)
Men

(n = 2,469)

Women (n = 3,261)
p-valuePremenopausal

(n = 1,620)
Postmenopausal

(n = 1,641)

Age (years), M±SE
Current smoker, n (%)
Alcohol drinker, n (%)
Regular exerciser, n (%)
Menstruation, n (%)
BMI (kg/m2), M±SE
Obesity, n (%)
WC (cm), M±SE
SBP (mmHg), M±SE
DBP (mmHg), M±SE
TC (mg/dL), M±SE
TGs (mg/dL), M±SE
HDL-C (mg/dL), M±SE
FBG (mg/dL), M±SE
Hb (mg/dL), M±SE
Hct (mg/dL), M±SE
Anemia, n (%)
Ferritin (μg/L), M±SE
Fe (μg/dL), M±SE
TIBC (μg/dL), M±SE
MetS, n (%)
HOMA-IR, M±SE

49.12±15.71
1,156 (20.2)
3,061 (53.4)
618 (10.8)

–
23.60±3.34
1,814 (31.7)
81.03±13.71
120.91±17.61
77.32±10.61

188.73±36.35
131.18±106.72
52.78±12.77
97.23±21.65
13.92±1.58
41.34±4.09
526 (9.2)

76.95±64.67
111.25±46.93
316.08±44.95
1,351 (23.6)
2.57±1.74

49.58±15.66
966 (39.1)
1,830 (74.1)
262 (10.6)

–
23.99±3.15
917 (37.1)

84.76±16.88
123.72±16.02
80.39±10.43
187.81±36.34

156.54±136.03
49.34±12.05

100.33±24.62
15.16±1.18

44.45±3.19
88 (3.6)

114.88±71.16
126.00±49.71
309.14±40.06

610 (24.7)
2.67±2.04

36.56±8.32
122 (7.5)

802 (49.5)
156 (9.6)
248 (15.3)
22.51±3.41
329 (20.3)
74.68±9.01

109.91±13.38
72.44±9.22

178.43±31.95
91.72±57.44
57.11±12.26
91.11±16.47
12.84±1.21

38.64±2.99
257 (15.9)

31.13±26.79
98.70±47.56

329.05±50.06
140 (8.6)
2.32±1.19

60.84±11.42
68 (4.1)

429 (26.1)
200 (12.2)

–
24.08±3.29
595 (36.3)
81.67±9.29

127.56±18.55
77.52±10.37

200.28±37.17
131.99±78.57
53.68±12.88
98.61±20.11
13.13±1.04
39.32±2.88

181 (11.1)
65.10±43.58
101.45±34.09
313.72±43.88

601 (36.6)
2.66±1.68

< 0.001
< 0.001
< 0.001
0.058

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

M, mean; BMI, body mass index; obesity, BMI ≥ 25 kg/m2; WC, waist circumference; SBP, systolic blood pres-
sure; DBP, diastolic blood pressure; TC, total Cholesterol; TGs, triglycerides; HDL-C, high density lipopro-
tein cholesterol; FBG, fasting blood glucose; Hb, hemoglobin; Hct, hematocrit; Anemia, Hb < 13 g/dL in men 
or Hb < 12 g/dL in women, Fe, serum iron; TIBC, total iron binding capacity; MetS, metabolic syndrome;  
HOMA-IR, homeostasis model assessment of insulin resistance

and analysis of variance tests (Table 1). The dis-
tribution in MetS components by the quartiles 
of ferritin were analyzed using chi-squared  
(Table 2). Analysis of the covariance of ferritin 
concentration was done according to MSS and 
MetS (Table 3). The ANCOVA test for HOMA-IR 
was conducted according to the quartiles of ferritin  
(Table 4). Logistic regression analysis of the odds 
ratio of MetS used the following four models: 
1) non-adjusted; 2) adjusted for age; 3) further  
adjusted for regular exercise, alcohol drinking, 
and smoking status; 4) further adjusted for obe-
sity and anemia (Table 5). The statistical signifi-
cance of all analyses was based on p < 0.05.

RESULTS
Characteristics of research subjects

Characteristics of the research subjects are 
presented in Table 1. Serum ferritin, Fe, and TIBC 
in men (n = 2,469) were 114.88 ± 71.16, 126.00 ± 49.71, 

and 309.14 ± 40.06 μg/dL, respectively. Serum 
ferritin, Fe, and TIBC in premenopausal women 
(n = 1,620) were 31.13 ± 26.79, 98.70 ± 47.56, and 
329.05 ± 50.06 μg/dL, respectively. Serum ferri-
tin, Fe, and TIBC in postmenopausal women (n = 
1,641) were 65.10 ± 43.58, 101.45 ± 34.09, and 313.72 
± 43.88 μg/dL, respectively. The prevalence of 
anemia in premenopausal women (15.9%) and 
postmenopausal women (11.1%) was higher than 
in men (3.6%). The prevalence of MetS in men 
(24.7%) and postmenopausal women (36.6%) was 
higher than in premenopausal women (8.6%).

MetS components of subjects according to the 
quartiles of ferritin

MetS components of subjects by ferritin quar-
tiles (Q1-Q4) in postmenopausal women, men, and 
premenopausal women are presented in Table 2. 
In men, the reduced HDL-C (p = 0.003), abdominal 
obesity (p < 0.001), elevated FBG (p < 0.001), elevated  
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Table 2. MetS components and anemia according to quartile of ferritin

Gender Variables

Serum ferritin

Quartile 1  
(≤ 63.5 μg/L)

(n = 617)

Quartile 2  
(63.6–98.0 μg/L)

(n = 618)

Quartile 3  
(98.1–150.9 μg/L)

(n = 617)

Quartile 4  
(≥ 151.0 μg/L)

(n = 617)
p-value

Men
(n = 2,469)

Abdominal obesity
Elevated BP
Elevated TGs
Reduced HDL-C
Elevated FBG
MetS

123 (19.9)
283 (45.9)
158 (25.6)
113 (18.3)
177 (28.7)
113 (18.3)

139 (22.5)
261 (42.2)
178 (28.8)
111 (18.0)

183 (29.6)
127 (20.6)

170 (27.6)
274 (44.4)
232 (37.6)
133 (21.6)
214 (34.7)
164 (26.6)

196 (31.8)
286 (46.4)
273 (44.2)
157 (25.4)
245 (39.7)
206 (33.4)

< 0.001
0.464

< 0.001
0.003

< 0.001
< 0.001

Quartile 1  
(≤ 11.7 μg/L)

(n = 405)

Quartile 2 
(11.8–24.0 μg/L)

(n = 405)

Quartile 3 
(24.1–43.2 μg/L)

(n = 405)

Quartile 4  
(≥ 43.3 μg/L)

(n = 405)

p-value

Abdominal obesity
Elevated BP
Elevated TGs
Reduced HDL-C
Elevated FBG
MetS

91 (22.5)
55 (13.6)
27 (6.7)

112 (27.7)
44 (10.9)
28 (6.9)

91 (22.5)
40 (9.9)
37 (9.1)

104 (25.7)
40 (9.9)
33 (8.1)

100 (24.7)
47 (11.6)
45 (11.1)

115 (28.4)
42 (10.4)
38 (9.4)

123 (30.4)
51 (12.6)
29 (7.2)

119 (29.4)
58 (14.3)
41 (10.1)

0.029
0.409
0.092
0.685
0.179
0.382

Quartile 1  
(≤ 35.3 μg/L)

(n = 410)

Quartile 2 
(35.4–55.0 μg/L)

(n = 411)

Quartile 3 
(55.1–85.2 μg/L)

(n = 410)

Quartile 4  
(≥ 85.3 μg/L)

(n = 410)

p-value

Abdominal obesity
Elevated BP
Elevated TGs
Reduced HDL-C
Elevated FBG
MetS

212 (51.7)
190 (46.3)
94 (22.9)
140 (34.1)
101 (24.6)
115 (28.0)

219 (53.3)
185 (45.0)
100 (24.3)
171 (41.6)
125 (30.4)
145 (35.3)

245 (59.8)
199 (48.5)
107 (26.1)
171 (41.7)

135 (32.9)
147 (35.9)

255 (62.2)
219 (53.4)
142 (34.6)
200 (48.8)
150 (36.6)
194 (47.3)

0.005
0.082
0.001

< 0.001
0.002

< 0.001

Abdominal obesity is defined as WC ≥ 80 cm in women or WC ≥ 90 cm in men; Elevated BP is defined as SBP ≥ 130 mmHg or 
DBP ≥ 85 mmHg; elevated TGs is defined as TGs ≥ 150 mg/dL; reduced HDL-C is defined as HDL-C < 50 mg/dL in women 
or HDL-C < 40 mg/dL in men; elevated FBG is defined as FBG ≥ 100 mg/dL; MetS, metabolic syndrome

Premenopausal women
(n = 1,620)

Postmenopausal women
 (n = 1,641)

TGs (p < 0.001), and MetS (p < 0.001) showed sta-
tistically significant differences across ferritin 
quartiles, but elevated BP (p = 0.464) was not sig-
nificantly different. In postmenopausal women, 
abdominal obesity (p = 0.005), reduced HDL-C  
(p < 0.001), elevated FBG (p = 0.002), elevated TGs 
(p = 0.001), and MetS (p < 0.001) showed statistical-
ly significant differences across ferritin quartiles, 
but elevated BP (p = 0.082) was not significantly 
different. In premenopausal women, abdominal 
obesity (p = 0.029) showed significant differences 
across ferritin quartiles, but the reduced HDL-C 
(p = 0.685), elevated FBG (p = 0.179), elevated BP  

(p = 0.409), elevated TGs (p = 0.092), and MetS  
(p = 0.382) were not statistically significantly dif-
ferent across ferritin quartiles.

Comparisons of ferritin levels according to MSS 
and MetS

Comparisons of ferritin concentration ac-
cording to MSS and MetS in postmenopausal 
women, men, and premenopausal women are 
shown in Table 3. After adjusting for the related 
variables, the ferritin concentration in MetS in 
postmenopausal women (p = 0.001) and men (p < 
0.001) were higher than in non-MetS but not in 
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HOMA-IR levels and the Q of ferritin in premeno- 
pausal women (p = 0.149).

Comparisons of MetS according to ferritin 
quartiles

Comparisons of MetS by the Q of ferritin in 
postmenopausal women, men, and premenopau-
sal women are presented in Table 5. In men, after 
adjusting for the related variables and using the 
Q1 of ferritin as the reference, the ORs of MetS 
were positively significantly statistically corre-
lated with Q3 (OR, 1.770; 95%CI: 1.308-2.397) and 
Q4 (OR, 2.385; 95%CI: 1.775-3.201) of ferritin. In 
postmenopausal women, using the Q1 of ferritin 
as the reference, the OR of MetS was significantly 
statistically correlated with Q4 (OR, 1.873; 95%CI: 
1.351-2.596) of ferritin. However, the relationship 
between MetS and the ferritin quartiles in pre-
menopausal women was not significant.

DISCUSSION
This study investigated sex-specific differences  

in the relationship between ferritin and MetS 
and MSS in Korean adults. The key finding was 
that serum ferritin levels showed a positive corre-
lation with MetS and HOMA-IR in postmenopau-
sal women and men, but not in premenopausal 
women.

Ferritin is found as a Fe (II)-apoferritin com-
plex in most human organs, including the heart, 
liver, spleen, and kidneys, and serum ferritin levels  
are generally higher in men than women (17).  
Serum ferritin, which is an acute-phase reactant, 
is a marker of acute and chronic inflammation. 
Serum ferritin levels increase nonspecifically in  
chronic diseases, such as diabetes mellitus, chronic 
kidney disease, and coronary artery disease (18-
20), and are associated with cardiovascular and 
all-cause mortality (21). Research on the relation-
ship between ferritin and both MetS and HO-
MA-IR are being conducted all over the world. In 
a cohort study of Finnish adults, Hämäläinen et al.  
revealed that the serum ferritin level showed 
a positive correlation with the development of 
MetS (22). Chen et al. supported that serum ferritin 
levels were independently associated with MetS 
and insulin resistance in Chinese adults (23). In 
the present study, MetS and HOMA-IR showed 
a positive correlation with ferritin in the overall 

Table 3. Comparisons of ferritin levels according to MetS 
and MSS in men, premenopausal women, and postmeno-
pausal women (n = 5,730)

Gender Category
Serum ferritin (μg/L)

[M±SE (95% CI)]

Men
(n = 2,469)

MSS 0
MSS 1
MSS 2
MSS 3
MSS ≥ 4
p-value

Non-MetS
MetS
p-value

98.05±2.99 (92.19-103.91)
109.66±2.71 (104.35-114.98)
118.42±2.91 (112.72-124.12)

131.38±3.59 (124.34-138.42)
138.07±4.93 (128.40-147.73)

< 0.001

109.12±1.64 (105.90 -122.35)
131.53±2.99 (125.96-137.69)

< 0.001

Premen-
opausal 
women 
(n = 1,620)

MSS 0
MSS 1
MSS 2
MSS 3
MSS ≥ 4
p-value

Non-MetS
MetS
p-value

30.11±0.99 (28.16-32.05)
30.10±1.17 (27.81-32.40)
35.61±1.86 (31.95-39.26)

35.48±2.75 (30.08-40.88)
29.60±4.16 (21.45-37.76)

0.101

30.92±0.60 (29.61-32.23)
33.46±2.14 (28.91-38.01)

0.299

Postmen-
opausal 
women 
(n = 1,641)

MSS 0
MSS 1
MSS 2
MSS 3
MSS ≥ 4
p-value

Non-MetS
MetS
p-value

61.17±2.97 (55.36-66.99)
60.74±2.29 (56.25-65.23)
63.48±2.07 (59.42-67.54)
68.80±2.40 (64.09-73.50)
72.85±2.78 (67.40-78.30)

0.008

62.10±1.38 (59.39-64.80)
70.35±1.86 (66.70-74.01)

0.001

M, mean; Adjusted for age, smoking, alcohol drinking, reg-
ular exercise, obesity, and anemia or menstruation (ad-
justed only premenopausal women)

premenopausal women (p = 0.299) (Table 3). In 
addition, ferritin levels increased with increasing 
MSS in postmenopausal women (p = 0.008) and 
men (p < 0.001) but not in premenopausal women 
(p = 0.101).

Comparisons of HOMA-IR by quartiles of ferritin
Comparisons of HOMA-IR by Q of ferritin in 

postmenopausal women, men, and premenopausal 
women are presented in Table 4. After adjusting 
for related variables, HOMA-IR levels were posi- 
tively statistically significantly associated with 
the Q of ferritin in postmenopausal women (p = 
0.001) and men (p < 0.001). However, there was no 
statistically significant difference between the 
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Table 4. Comparisons of ferritin levels according to MetS and MSS in men, premenopausal women, and 
postmenopausal women (n = 5,730)

Gender Serum ferritin
MetS, [M±SE (95% CI)]

Model 1 Model 2 Model 3

Men
(n = 2,469)

Quartile 1
Quartile 2
Quartile 3
Quartile 4
p-value

2.44±0.08 (2.38-2.60)
2.46±0.08 (2.30-2.62)
2.71±0.08 (2.55-2.87)
3.09±0.08 (2.93-3.25)

< 0.001

2.43±0.08 (2.27-2.59)
2.46±0.08 (2.30-2.62)
2.72±0.08 (2.56-2.88)
3.10±0.08 (2.94-3.26)

< 0.001

2.47±0.08 (2.31-2.63)
2.48±0.08 (2.33-2.64)
2.70±0.08 (2.55-2.86)
3.05±0.08 (2.89-3.20)

< 0.001

Premenopausal 
women 
(n = 1,620)

Quartile 1
Quartile 2
Quartile 3
Quartile 4
p-value

2.35±0.06 (2.24-2.47)
2.24±0.06 (2.12-2.35)
2.28±0.06 (2.17-2.40)
2.39±0.06 (2.28-2.51)

0.253

2.35±0.06 (2.23-2.47)
2.25±0.06 (2.13-2.36)
2.28±0.06 (2.17-2.40)
2.39±0.06 (2.17-2.50)

0.328

2.42±0.06 (2.29-2.54)
2.23±0.06 (2.12-2.34)
2.29±0.06 (2.17-2.40)
2.35±0.06 (2.23-2.46)

0.149

Postmenopau-
sal women 
(n = 1,641)

Quartile 1
Quartile 2
Quartile 3
Quartile 4
p-value

2.52±0.08 (2.36-2.68)
2.53±0.08 (2.37-2.69)
2.63±0.08 (2.47-2.79)
2.96±0.08 (2.80-3.12)

< 0.001

2.45±0.08 (2.29-2.60)
2.54±0.08 (2.39-2.70)
2.60±0.08 (2.45-2.76)
2.97±0.08 (2.82-3.13)

< 0.001

2.49±0.08 (2.33-2.64)
2.51±0.08 (2.36-2.66)
2.64±0.08 (2.49-2.79)
2.93±0.08 (2.78-3.08)

< 0.001

Mets, metabolic syndrome; M, mean
Model 1 [M ± SE (95%CI)], adjusted for age; Model 2 [M ± SE (95%CI)], Model 2 further adjusted for smoking, 
alcohol drinking, and regular exercise; Model 3 [M ± SE (95%CI)], Model 2 further adjusted for obesity and 
anemia or menstruation (adjusted only premenopausal women)

Table 5. Comparisons of Mets according to quartile of ferritin in men, premenopausal women, and postmenopausal women

Gender
Serum 
ferritin

MetS, [OR (95%CI)]

Model 1 Model 2 Model 3 Model 4

Men
(n = 2,469)

Quartile 1
Quartile 2
Quartile 3
Quartile 4

1
1.145 (0.861-1.521)

1.626 (1.237-2.136)**

2.273 (1.743-2.964)***

1
1.239 (0.928-1.653)
1.875 (1.418-2.480)**

2.646 (2.014-3.476)***

1
1.239 (0.927-1.655)
1.869 (1.411-2.476)**

2.607 (1.981-3.432)***

1
1.204 (0.883-1.641)
1.770 (1.308-2.397)**

2.385 (1.775-3.201)***

Premenopausal 
women 
(n = 1,620)

Quartile 1
Quartile 2
Quartile 3
Quartile 4

1
1.194 (0.708-2.016)
1.406 (0.845-2.339)
1.517 (0.918-2.505)

1
1.346 (0.790-2.291)
1.537 (0.916-2.577)
1.810 (1.085-3.019)*

1
1.325 (0.777-2.259)
1.536 (0.913-2.582)
1.798 (1.075-3.009)*

1
1.070 (0.557-2.057)
1.530 (0.803-2.914)
1.521 (0.803-2.879)

Postmenopausal 
women 
(n = 1,641)

Quartile 1
Quartile 2
Quartile 3
Quartile 4

1
1.416 (1.050-1.910)*

1.427 (1.058-1.925)*

2.363 (1.763-3.167)***

1
1.354 (0.992-1.849)
1.271 (0.931-1.736)

2.052 (1.512-2.784)**

1
1.347 (0.986-1.840)
1.273 (0.930-1.742)

2.064 (1.519-2.085)**

1
1.355 (0.972-1.890)
1.136 (0.814-1.585)

1.873 (1.351-2.596)**

Mets, metabolic syndrome; *p < 0.05, **p < 0.01, *** p < 0.001. Model 1 [OR (95%CI)], Non-adjusted; Model 2 [OR (95%CI)], ad-
justed for age; Model 3 [OR (95%CI)], Model 2 further adjusted for smoking, alcohol drinking, and regular exercise; Model 4 
[OR (95%CI)], Model 3 further adjusted for obesity and anemia or menstruation (adjusted only for premenopausal women)

Korean population (Supplementary Tables 1, 2  
and 3). The mechanism for the relationship  
between MetS and ferritin may contribute to im-
paired insulin extraction and insulin secretion. 
MetS is characterized by insulin resistance (1), 
and iron overload can contribute to insulin resis- 
tance. Hepatic iron overload can be caused by  
impaired insulin extraction (24), and iron overload 
in pancreatic beta cells can result from impaired 

insulin secretion (25). Another mechanism in the 
relationship involves hepcidin, which is produced 
by the liver and serves as a key regulator of iron 
homeostasis. In insulin resistant diseases such as 
T2DM and MetS, an increase in hepcidin increases  
the ferritin levels (26).

In the present study, we analyzed men, pre-
menopausal women, and postmenopausal women  
separately. Our results found that MetS and 
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HOMA-IR showed a statistically positive corre-
lation with the quartiles of ferritin in both men 
and postmenopausal women, but in premeno-
pausal women (Tables 4 and 5). The relationship 
between MetS and ferritin can differ by country, 
race, gender, and subjects with or without an  
underlying disease. Ghamarchehreh et al. showed 
that in Iranian patients with non-alcoholic fatty 
liver disease, the serum ferritin and MetS levels 
were not statistically significantly different in 
men (p = 0.952), but serum ferritin levels in MetS 
were lower than those in non-MetS in women  
(p = 0.004) (27). In a study based on the Third  
National Health and Nutrition Examination Survey 
(NHANES III) data in the US, Jehn et al. reported 
that serum ferritin levels were independently as-
sociated with MetS in non-diabetic premenopau-
sal (p trend = 0.03) and postmenopausal women 
(p trend < 0.001), but not in men (p trend = 0.11) 
(28). In our results in men and postmenopausal 
women, four components of MetS, but not ele-
vated BP, were positively associated with ferritin 
(Table 2). However, only abdominal obesity among 
the MetS components showed a positive correla-
tion with ferritin in premenopausal women. This 
suggests that a positive correlation with ferritin 
exists between MetS and MSS in postmenopau-
sal women and men, but not in premenopausal 
women. In addition, HOMA-IR showed a positive  
correlation with ferritin in postmenopausal women  
and men, but not in premenopausal women (Table 
4). The findings of these studies are similar to our 
results. Han et al. investigated gender differences 
in the relationship between MetS and ferritin in 
the population-based China Health and Nutrition 
Survey (29). In men, four components of MetS 
(with the exception of high BP) were positively 
associated with ferritin, and MetS showed a pos-
itive correlation with the quartiles of ferritin (p < 
0.001). In women, only high TG among the MetS 
components showed a positive correlation with 
ferritin, and the incidence of MetS was not sta-
tistically significant (p = 0.192). In another study, 
Ma et al. revealed that HOMA-IR showed a posi-
tive correlation with the tertiles of ferritin in men 
(p trend < 0.001) and postmenopausal women (p 
trend < 0.001), but not in premenopausal women 
(p trend = 0.929) after adjusting for related vari-
ables (30).

Although we cannot definitively specify the 
mechanisms for the sex-specific difference in the 
relationship between ferritin and MetS found in 
our study, we think that menopause and sex hor-
mones may be a contributing factor. Menopause 
causes many physiological changes because of the 
decrease in estrogens. Premenopausal women  
have a lower risk of developing MetS than men, 
but the incidence of MetS can increase in post-
menopausal women because the protective func-
tion of female hormones is greatly reduced due 
to a rapid decline in estrogen levels (31). In our 
results, the incidence of MetS in premenopausal 
women was lower than in men, but the incidence 
of MetS in postmenopausal women higher than in 
men. In terms of iron homeostasis, elevated levels 
of stored iron result in upregulation of hepcidin 
production to prevent iron overload, inhibiting 
further uptake of exogenous iron (32). Estrogens 
markedly decrease circulating hepcidin levels in 
humans (33). When estrogen decreases in pre-
menopausal women, iron and stored iron levels  
in the body decrease due to upregulation of hep-
cidin levels, but this may be different in postmen-
opausal women. Sze et al. reported that an aber-
rant ferritin upregulation in the ovaries of aging 
female rats resulted in iron accumulation and 
inflamm-aging via NF-κB-induced nitric oxide  
synthase (34). They argued that acute ferritin  
upregulation exerts beneficial effects, but chronic  
upregulation may cause toxicity to cells due to 
iron accumulation and accelerate the decrease in 
endogenous estradiol biosynthesis. In addition, 
Matta et al. revealed that ferritin in postmeno-
pausal women showed a positive correlation with 
hepcidin regardless of the level of estradiol, and 
that estradiol, hepcidin, and ferritin were higher 
in the metabolic syndrome than in the non-met-
abolic syndrome (35).

Estrogens prevent pancreatic β cell apoptosis 
and help protect functions, adapt to insulin re-
sistance and maintain insulin content (36). Among 
the estrogens, 17β-estradiol improves insulin 
sensitivity and suppresses hepatic gluconeogen-
esis through inhibition of Foxo-1 via activation of 
estrogen receptor α-PI3K-Akt signaling (37). Male 
Zucker diabetic fat rats treated with 17β-estradiol 
had reduced levels of TGs and free fatty acids in 
the pancreatic islets, indicating reduced lipotoxi- 
city and beta cell dysfunction (38). In our results, 
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MetS and HOMA-IR showed a positive correlation 
with the quartiles of ferritin in postmenopausal 
women and men, but were not significant in pre-
menopausal women. These results suggest that 
insulin resistance could be expected to increase 
as ferritin increases, but it is thought that insulin 
resistance and glucose homeostasis in premeno-
pausal women are maintained due to female hor-
mones. Gender differences (the presence or ab-
sence of menopause in women) are evidenced in 
lifestyles (eating habits, physical activity, drinking,  
and smoking) and acute and chronic diseases 
(39, 40). For this reason, several researchers have 
argued that the model of medical hypotheses 
should consider these effects in women and men 
(especially, menopause in women) (41, 42).

Our research has several limitations. First, 
although we analyzed data of a representative 
sample of Korean adults from the KNHANES V-1, 
our findings have limitations in terms of general-
izing to all ethnicities and the global population 
due to the study population and sample size. Sec-
ond, C-reactive protein, estrogens, and hepcidin 
are important determinants of ferritin levels in 
men and women. However, these variables were 
not included in the KNHANES V-1 study, and so 
they should be included as variables for MetS 
and ferritin in future studies. Third, Although the  
sample is representative of the Korean population,  
the findings may not apply to other ethnicities 
or global populations due to genetic, dietary, and  
lifestyle differences. Fourth, this study was cross- 
sectional, which may limit its ability to establish 
a causal gender-specific relationship between 
ferritin and MetS. Therefore, to obtain more  
accurate and generalizable results, studies on 
hormonal regulation and gene-environment in-
teraction or cohort studies on these relationships 
are needed.

CONCLUSIONS
This study investigated the sex-specific dif-

ferences in the association between ferritin and 
MetS in Korean adults. Ferritin showed a statis-
tically significant positive correlation with MetS 
in Korean postmenopausal women and men, but 
not in premenopausal women.
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Supplementary table 1. Comparisons of Mets according to quartile of ferritin in overall population 

(n = 5,730) 

Gender 
Serum ferritin 

(μg/L) 

MetS 

Model 1 Model 2 Model 3 Model 4 

Overall population Quartile 1 (n = 1,434) 1 1 1 1 

(n = 5,730) Quartile 2 (n = 1,431) 1.768 (1.451–2.153)** 1.414 (1.150–1.737)** 1.415 (1.151–1.739)** 1.306 (1.041–1.638)* 

 Quartile 3 (n = 1,433) 2.166 (1.786–2.627)*** 1.708 (1.386–2.406)** 1.713 (1.390–2.113)** 1.456 (1.157–1.832)** 

 Quartile 4 (n = 1,432) 3.143 (2.606–3.791)*** 3.044 (2.448–3.787)*** 3.055 (2.455–3.802)*** 2.504 (1.972–3.180)*** 

*p < 0.05, **p < 0.01, and ***p < 0.001. Model 1 [OR (95% CI)], Non-adjusted; Model 2 [OR (95% CI)], adjusted for age and gender; Model 3 [OR (95% CI)], Model 2 

further adjusted for smoking, alcohol drinking, and regular exercise; Model 4 [OR (95% CI)], Model 3 further adjusted for obesity and anemia 

 

 

 

 

 



Supplementary table 2. Comparisons of HOMA-IR according to quartile of ferritin in overall population 

(n = 5,730) 

Gender 
Serum ferritin 

(μg/L) 

HOMA-IR 

Model 1 Model 2 Model 3 

Overall population Quartile 1 (n = 1,434) 2.38 ± 0.05 (2.29–2.48) 2.37 ± 0.05 (2.28–2.47) 2.44 ± 0.05 (2.35–2.54) 

(n = 5,730) Quartile 2 (n = 1,431) 2.47 ± 0.05 (2.38–2.56) 2.45 ± 0.05 (2.36–2.54) 2.48 ± 0.05 (2.39–2.57) 

 Quartile 3 (n = 1,433) 2.50 ± 0.05 (2.42–2.59) 2.51 ± 0.05 (2.42–2.60) 2.49 ± 0.05 (2.40–2.58) 

 Quartile 4 (n = 1,432) 2.92 ± 0.05 (2.82–3.10) 2.92 ± 0.05 (2.83–3.02) 2.84 ± 0.05 (2.75–2.93) 

 p-value < 0.001 < 0.001 < 0.001 

Model 1 [M ± SE (95% CI)], adjusted for age and gender; Model 2 [M ± SE (95% CI)], Model 2 further adjusted for smoking, alcohol drinking, and regular exercise; Model 

3 [M ± SE (95% CI)], Model 2 further adjusted for obesity and anemia. 



Supplementary table 3. Comparisons of ferritin levels according to MetS and MSS in 

overall population         (n = 5,730) 

Gender Category 
Serum ferritin (μg/L) 

[M ± SE (95% CI)] 

Overall population MSS 0 65.62 ± 1.56 (62.56–68.68) 

(n = 5,730) MSS 1 71.98 ± 1.47 (69.10–74.86) 

 MSS 2 81.32 ± 1.66 (78.06–84.57) 

 MSS 3 91.08 ± 2.07 (87.02–95.15) 

 MSS ≥ 4 96.13 ± 2.66 (90.92–101.35) 

 p-value < 0.001 

 Non-MetS 72.85 ± 0.89 (71.12–74.59) 

 MetS 90.76 ± 1.70 (87.43–94.08) 

 p-value < 0.001 

Adjusted for age, gender, smoking, alcohol drinking, regular exercise, obesity, and anemia. 
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 ABSTRACT

OBJECTIVE  This study aimed to cross-culturally translate and evaluate  
the psychometric properties of the Thai version of the Barthel Index 
Self-Report (BI-SR-TH) for Thai people with spinal cord injury (SCI).

METHODS  A descriptive cross-sectional validation and reliability study 
was conducted at the Maharaj Nakorn Chiang Mai Hospital, involving 
109 Thai people aged 18 or older with either traumatic or non-traumatic 
SCI. The English postal version of the Barthel Index was translated into 
Thai following standard cross-cultural procedures, including forward 
and backward translation. Participants completed both the BI-SR-TH  
and the Thai EuroQoL (EQ-5D-5L) questionnaires via self-report and 
clinician assessment using the Barthel Index. The BI-SR-TH was re- 
administered to the participants one week later. Psychometric evaluation 
included assessments of internal consistency (Cronbach’s alpha), concur-
rent validity (Spearman’s correlation with clinician-rated BI), construct 
validity (convergent and discriminant validity assessed by correlations 
with relevant and distinct EQ-5D-5L domains), and test-retest reliability  
(intraclass correlation coefficient, ICC).  The agreement between the  
BI-SR-TH and BI scores was assessed using ICC and the Bland-Altmand Alt-
man analysis. Item-level agreement was assessed using the Kappa statistic.

RESULTS The BI-SR-TH demonstrated good internal consistency (Cron-
bach’s alpha = 0.836) and excellent concurrent validity with a clinician-rated 
BI (r = 0.884). In terms of construct validity, the BI-SR-TH showed strong 
negative correlations with relevant EQ-5D-5L domains, e.g., mobility, 
self-care, and usual activities (r = –0.67 to –0.81, p < 0.01), demonstrating  
convergent validity. In contrast, correlations with unrelated domains such 
as anxiety and pain were weak or nonsignificant, indicating discriminant 
validity. The total score agreement between BI-SR-TH and the clinician BI 
was high (ICC = 0.916), and Bland-Altman analysis indicated a small mean 
difference. Most BI-SR-TH items showed good agreement with clinician 
ratings (Kappa 0.61–0.72) with the exception of the bowels and bladder 
items which showed only fair agreement (Kappa = 0.34 and 0.35, respec-
tively). Test-retest reliability was also high (ICC = 0.924). 

CONCLUSIONS The BI-SR-TH is a valid and reliable tool for assessing 
functional independence in Thai people with SCI. However, the bowels 
and bladder items require further refinement for this population  

 KEYWORDS  Barthel Index, self report, functional status, spinal cord  
 injury, reliability and validity
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INTRODUCTION
Spinal cord injury (SCI) is a leading cause of 

major disability worldwide. Individuals with SCI 
usually lose the ability to perform some daily acti- 
vities. As a result, tools to measure functional 
independence are essential for the rehabilitation 
process. There are several instruments for meas-
uring this aspect, including the Barthel Index (BI) 
(1). The BI was initially developed for patients 
with stroke and neuromuscular diseases (1, 2). 
The assessment consists of a set of topics related  
to the ability to perform self-care activities, mobi- 
lity, and bowel and bladder management across 
10 domains, with scores ranging from 0 to 20. 
Healthcare providers conduct in-person inter-
views with patients or caregivers and evaluate  
patients by observing their functional abilities. 
The BI has been found to have good validity and 
reliability, and is widely used in clinical practice 
(2, 3). Psychometric properties of the BI have also 
been tested in persons with spinal cord injury 
(PwSCI). The BI has previously been translated 
and utilized to evaluate PwSCI in the Republic of  
Türkiye where it demonstrated good reliability 
and validity (4). In Thailand’s intermediate care 
system, the BI is used in the evaluation of patients’ 
level of independence during rehabilitation, in-
cluding those with SCI, stroke, traumatic brain 
injury, and fractured hip (5). The simplicity and 
ease of use of the BI enables quick and efficient 
assessments, and its standardized scoring system 
allows for consistent comparisons of functional 
status across diverse patient populations. While 
the BI is less specific for SCI than instruments 
such as the Spinal Cord Independence Measure 
(SCIM) or the Spinal Cord Ability Ruler (SCAR), 
it offers a broad overview of functional inde-
pendence. This makes the BI especially valuable 
when detailed assessment tools are unavailable 
or when a general measure of disability across 
various diagnoses is needed. In addition, the BI’s 
widespread familiarity and acceptance in clinical 
practice supports its ongoing use for monitoring 
patient progress and guiding rehabilitation plan-
ning, particularly in resource-limited settings.

Gompertz and colleagues developed a postal  
version of the BI. It is a self-administered BI  
assessment consisting of a set of 10 questions, as 

in the original version, but with multiple-choice 
answer formats that patients can complete by 
themselves. That version has been tested for psy-
chometric properties in stroke patients and has 
demonstrated good reliability (6). Subsequent 
studies in Parkinson’s disease and stroke patients 
have also demonstrated its good validity (7, 8). 
Self-reported assessment can be used to collect 
data from many patients simultaneously, parti- 
cularly in circumstances where telemedicine is 
growing. It is convenient for long-term patient 
data collection, allowing continuous monitoring 
of changes and reducing the workload of health 
care providers. Previous studies have shown the 
development and psychometric properties testing  
of the self-reported BI, but it has not yet been 
translated into Thai. Furthermore, studies have 
focused only on stroke and Parkinson’s disease 
patients, but no research has been published on 
PwSCI. The objectives of this study are to trans-
late and cross-culturally adapt the postal version 
of the BI by Gompertz et al. (6) into a Thai ver-
sion and to evaluate its psychometric properties 
in SCI individuals.

METHODS
This study protocol was approved by the  

Research Ethics Committee of the Faculty of Medi- 
cine, Chiang Mai University, study code: REH-
2564-08232. The study was conducted in two 
phases. The first phase involved translating the 
self-reported BI from English to Thai. The sec-
ond phase evaluated the validity and reliability of 
the Thai version of the Barthel Index Self-Report  
(BI-SR-TH) in PwSCI.

Participants
Individuals with traumatic or non-traumatic 

SCI who visited the Department of Rehabilitation 
Medicine at Maharaj Nakorn Chiang Mai Hospi-
tal between August 2021 and March 2022 were 
recruited. The inclusion criteria comprised indi-
viduals aged 18 or older who were proficient in 
spoken Thai and could read Thai independent-
ly. Individuals with severe cognitive impairment 
or severe mental disorders who were unable to 
complete the assessment independently were 
excluded.
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Research instruments 
Thai version of the BI-SR-TH
Permission for translation of the BI-SR-TH was 

granted by Dr. Pandora Pound, a colleague of Dr. 
Patrick Gompertz, via electronic mail. The pro-
cess of translation and cross-cultural adaptation 
into Thai was carried out for the self-reported  
BI. Initially, a forward translation was completed,  
resulting in two separate draft versions of the 
BI-SR-TH. These translations were independently 
conducted by two individuals, a physiatrist spe-
cializing in spinal cord medicine from the Depart-
ment of Rehabilitation Medicine at Chiang Mai 
University, and a linguistic expert from the Hu-
manities Academic Service Center at the same 
university. The researchers analyzed the items 
from the two draft versions and synthesized them 
into a single draft of the BI-SR-TH. Subsequently, 
back translation of that single draft was performed 
independently by two native English speakers 
who were proficient in Thai. Neither of the two 
translators was a health professional, and both 
were unaware of the original version of the self- 
reported BI. Once the translations were completed, 
they were submitted to Dr. Pandora Pound for 
review and feedback. Following her suggestions, 
the initial draft of the BI-SR-TH was revised into 
a pre-final version. Twenty-five Thai individuals 
with SCI tested the pre-final version of the BI-SR-
TH to identify any areas of possible confusion or 
misunderstanding (9). Internal consistency was  
assessed using Cronbach’s alpha, which yielded 
a value of 0.646, indicating questionable reliability. 
The Kappa statistic, used to evaluate the agree-
ment between the pre-final version of the BI-SR-
TH and the original BI, showed moderate to sub-
stantial agreement for most items; however, the 
bladder item exhibited poor agreement (K = 0.02). 
In response to this feedback, the bladder item was 
modified in the final version. It was changed from 
“need urinary catheterization” (0 point) to “need 
assistance with urinary catheterization” (0 point). 
The final version of the BI-SR-TH is included in 
the supplementary appendix.

The Barthel Index
The BI is a clinician-rated ordinal scale devel-

oped by Collin et al. (2) to assess a person’s ability 
to perform ten common self-care and basic mo-
bility activities. These activities include feeding, 

bathing, grooming, dressing, bowel and bladder 
management, toileting, transfers (from bed to 
chair and back), mobility on level surfaces, and 
stair negotiation. Administered through observa-
tion and/or structured interview by healthcare 
professionals, the total score range is from 0 to 
20, with higher scores indicating greater func-
tional independence. The BI has been widely used 
to evaluate functional independence in patients 
with various conditions, including SCI (4, 5).

The Thai Version of the EQ-5D-5L Health Ques-
tionnaire 

The EQ-5D-5L questionnaire is used to evaluate 
health-related quality of life. This questionnaire 
has been translated into more than 160 languages  
globally, including Thai (10). It is used to assess 
health-related quality of life, particularly for 
monitoring treatment results in hospitals, clinical  
research, health technology assessment, and 
monitoring the quality of life of the general popu-
lation and of patients, including PwSCI (11). The 
EQ-5D-5L consists of two parts. The first part  
includes five dimensions: mobility, self-care, usual  
activities, pain/discomfort, and anxiety/depres-
sion. Each question has five possible answers 
based on severity, ranging from no problems to 
unable/extreme problems. The second part eval-
uates health status via a Visual Analog Scale (VAS).

Data collection
After obtaining informed consent, demographic 

information and lesion characteristics of the par-
ticipants were collected through interviews and 
reviews of medical records using the International 
SCI Core Data Set (version 3.0) (12). Participants 
then independently completed two self-admin-
istered questionnaires: the BI-SR-TH and the 
Thai version of the EQ-5D-5L (10). For partici-
pants unable to write due to hand or arm limi-
tations, caregivers were permitted to assist with 
writing, but were not allowed to help interpret 
or explain any items. On the same day, a clini-
cian-administered BI assessment was performed 
by one of five rehabilitation medicine residents, 
all of whom had received standardized training 
including a one-hour clinical demonstration and 
a review of the modified BI, as recommended by 
Shah et al., to ensure competency. The evaluators  
demonstrated high interrater reliability (r > 0.9) 
(13). To prevent bias, raters were blinded to the 
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BI-SR-TH responses, and both physicians and 
participants remained unaware of each other’s 
scores. For inpatients, all assessments were con-
ducted the day before discharge. To evaluate 
test-retest reliability, participants were provided 
with a copy of the BI-SR-TH in a sealed envelope 
and instructed to complete it again one week  
later, returning the questionnaire either by mail 
or electronically.  The flow of the study is pre-
sented in the CONSORT flow diagram (Figure 1).

Statistical analysis
Sample size calculations
The sample size was calculated by the Bland- 

Altman method (14) using Medcalc version 19.7. 
Based on the research by Sutton et al. (8), the 
expected mean of difference was set at -1.0, and 
the expected standard deviation of differences at 
0.9, with a maximum allowed difference between 
methods of 3.2. This resulted in a calculated sample  
size of at least 106 participants. For assessing 
test-retest reliability using the formula from 
Green et al. (15), the expected mean of difference 
was set at 0.4, and the expected standard devia-
tion of differences at 1.0, which yielded an esti-
mated sample size of 51 individuals. Ultimately, 

the final sample size consisted of a minimum of 
106 participants.

All statistical data analyses were conducted 
using IBM SPSS version 22. The demographic data 
are presented using descriptive statistics, includ-
ing frequency, percentage, mean, and standard 
deviation. Additionally, the total scores of the BI 
and the Thai version of the BI-SR-TH are shown. 
The floor and ceiling effects were considered sig-
nificant if they exceeded 15% (16). 

Reliability and validity analysis
- Reliability: Internal consistency was assessed 

using Cronbach’s alpha, with a threshold of 0.7 
or above considered acceptable (15). Test-retest  
reliability was evaluated with the intraclass cor-
relation coefficient (ICC), where a value of at least 
0.7 was deemed adequate (16). 

- Concurrent validity: Criterion validity between 
BI and BI-SR-TH was determined using Spear-
man’s ICC (r), which ranges from -1.00 to 1.00. 
Negative values indicate an inverse relationship. 
The levels of correlation were categorized as fol-
lows: r ≥ 0.75 was very strong; 0.50 < r < 0.75 was 

Figure 1. CONSORT flow diagram
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strong; 0.25 < r < 0.50 was moderate; r < 0.25 was 
weak (16). 

- Construct validity was examined through 
convergent and discriminant validity using the 
Thai EQ-5D-5L. The Spearman’s ICC (r) was used 
to evaluate this correlation. 

- Agreement: Agreement between the totals  
of BI and BI-SR-TH were analyzed using the 
Bland-Altman plot, with the limit of agreement 
(LOA) set at a mean difference ± 1.96 SD (16). An 
Intraclass ICC greater than 0.7 was considered 
acceptable (16). Kappa values were used to assess 
agreement for each item, with interpretations as 
follows: K < 0.2 was considered poor, 0.21-0.40 
was considered fair, 0.41-0.60 was considered 
moderate, 0.61-0.80 was considered good, and 
0.81-1.00 was considered very good/fairly com-
plete (17). 

RESULTS
Characteristics of the study population

A total of 109 individuals with either traumatic  
or non-traumatic spinal cord injuries participated  
in the study. Most participants were male (79 out  
of 109, or 72.5%), and the average age was 49 years.  
Most had T1-S3 paraplegia with ASIA (American 
Spinal Injury Association) Impairment Scale cat-
egories A, B, or C (60 out of 109, or 55.0%). Most 
participants had completed a secondary educa-
tion. The characteristics of the study population 
are detailed in Table 1.

Psychometric properties of the BI-SR-TH
Each of the 109 participants answered all 10 

BI questions and completed the BI-SR-TH ques-
tionnaire, a response rate of 100%. The average 

Table 1. Demographic and clinical characteristics of the 
study population

N (%) or mean ± SD

Age (year)
20-29 years 
30-59 years
≥ 60 years

Gender
Male
Female

Education
No education 
Primary school education
Secondary school 
Bachelor’s degree

Etiology of SCI
Traumatic
Non-traumatic

Time since injury (year)
< 1 year
1-4 years
5-9 years
10-14 years
> 15 years

Severity of SCI
C1-4 AIS A, B, C
C5-8 AIS A, B, C
T1-S3 AIS A, B, C
AIS D at any level

48.9±16.0
16 (14.7)
62 (56.9)
31 (28.4)

79 (72.5)
30 (27.5)

1 (0.9)
37 (33.9)
48 (44.0)
23 (21.1)

86 (78.9)
23 (21.1)

26 (23.9)
16 (14.7)
22 (20.2)
20 (18.3)
25 (22.9)

10 (9.2)
16 (14.7)

60 (55.0)
23 (21.1)

N, number; SD, standard deviation; SCI, spinal cord injury; 
AIS, ASIA impairment scale

Table 2. Total scores of the Barthel Index and the Thai version of the Barthel Index 
Self-Report

Barthel Index
Total scores
(score 0-20)

BI-SR-TH Total scores

First assessment
(score 0-20)

Second assessment
(score 0-20)

Mean±SD
Median (IQR)
Min
Max 
Floor effect, n (%)
Ceiling effect, n (%)

11.88±5.78
14 (8)

0
20

4 (3.7)
6 (5.5)

12.42±4.80
14 (6)

1
20

0 (0.0)
6 (5.5)

12.64±4.99
14 (6)

0
20

1 (0.9)
5 (4.6)

BI-SR-TH, Thai version of the Barthel Index Self-Report; SD, standard deviation; IQR,  
interquartile range

total scores for BI and BI-SR-TH are displayed in 
Table 2, which indicate comparable total scores 
and a floor and ceiling effect of 0.0-5.5%. 

Internal consistency: Cronbach’s alpha was 
0.836, and the Cronbach’s alpha of each item  
deleted from the BI-SR-TH are shown in Table 3.
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Test and retest reliability: The test-retest relia-
bility was excellent, with an ICC of 0.924 (95%CI: 
0.890-0.947).

Concurrent validity: There was a very strong 
correlation between the total scores of BI and  
BI-SR-TH, with a Spearman’s ICC of 0.884. 

Construct validity: 
-	 Convergent validity: The relationship be-

tween the BI-SR-TH and the Thai EQ-5D-5L was 
assessed by correlating similar measures. The 
Spearman’s ICC for the BI-SR-TH mobility item 
and the Thai EQ-5D-5L mobility item was -0.665 

(p < 0.05). For the BI-SR-TH dressing item and 
the Thai EQ-5D-5L self-care item, the coefficient 
was -0.810 (p < 0.05). These results indicate sig-
nificant inverse correlations at strong and very 
strong levels.

-	 Discriminant or divergent validity: Correla-
tions were examined between dissimilar meas-
ures, e.g., the BI-SR-TH mobility item and the 
Thai EQ-5D-5L pain item, both of which yielded 
a Spearman’s ICC of -0.011 (p = 0.912). The corre-
lation between the BI-SR-TH dressing item and 
the Thai EQ-5D-5L anxiety item was -0.125 (p = 
0.196), indicating weak or no correlation (Table 4).

Agreement: 
-	 The agreement of total scores between the 

BI and BI-SR-TH was within an acceptable range, 
with an ICC of 0.916. The Bland-Altman analysis  
showed a mean score difference of -0.541 between 
the two measurements, with limits of agreement 
ranging from -4.797 to 3.714 (Table 5). Most data 
points from both assessments fell within this  
acceptable range, as shown in Figure 2.

-	 Agreement between each item of the BI and 
BI-SR-TH was good (Kappa values between 0.61 
and 0.72) for all items except the bowels and blad-
der items, which had fair agreement with Kappa 
coefficients of 0.34 and 0.35, respectively (Table 6). 

Table 3. Internal consistency (Cronbach’s alpha and Cron-
bach’s alpha if item deleted) within BI-SR-TH

Cronbach’s alpha 

Total
Cronbach’s alpha if item deleted

BI-SR-TH-bowel
BI-SR-TH-bladder
BI-SR-TH-grooming
BI-SR-TH-toilet
BI-SR-TH-feeding
BI-SR-TH-transfer
BI-SR-TH-mobility
BI-SR-TH-dressing
BI-SR-TH-stair
BI-SR-TH-bathing

0.836

0.842
0.858
0.816
0.789
0.810
0.782
0.823
0.793
0.833
0.811

BI-SR-TH, Thai version of the Barthel Index Self-Report

Table 4. Spearman’s Correlation Coefficient between the Thai EQ-5D-5L and the Thai version of the Barthel Index Self-Report

Spearman's Correlation  
Coefficient

BI-SR-TH

Thai EQ-5D-5L Bowel Bladder Grooming Toileting Feeding Transfer Mobility Dressing Stair Bathing

Mobility
Self-care
Activities
Pain
Anxiety

-0.064
-0.136
-0.113
-0.082
-0.123

-0.085
-0.124
-0.002
-0.082
-0.069

-0.212*

-0.573**

-0.359**

-0.110
-0.167

-0.264**

-0.769**

-0.689**

-0.289**

-0.269**

-0.218*

-0.612**

-0.366**

-0.033
-0.148

-0.303**

-0.786**

-0.640**

-0.251**

-0.275**

-0.665**

-0.372**

-0.270**

-0.011
-0.114

-0.173
-0.810**

-0.544**

-0.218*

-0.125

-0.532**

-0.198*

-0.216*

-0.019
-0.036

-0.208*

-0.659**

-0.628**

-0.238*

-0.154
*Correlation is significant at the 0.05 level (2-tailed); **Correlation is significant at the 0.01 level (2-tailed).
BI-SR-TH, Thai version of the Barthel Index Self-Report; Thai EQ-5D-5L, Thai version of EuroQoL Group 5 dimensions 5 
levels

Table 5. Intraclass correlation coefficients, differences in the mean, and concurrent validity analysis between the total 
scores of the Barthel Index and the Thai version of the Barthel Index Self-Report

Intraclass
correlation 

(95%CI)

Mean difference Concurrent validity

Mean diff  
(95%CI)

95% limit of 
agreement

Spearman’s correlation 
coefficient

95%CI

Total scores 0.916
(0.880 to 0.942)

-0.541
(-0.954 to -0.129)

-4.797 to 3.714 0.884 0.835 to 0.920

CI, confidence interval
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Figure 2. The Bland-Altman plot illustrates the mean differences between BI and BI-SR-TH measurements, showing a few 
outliers in the total scores. The error bars indicate variability at lower mean values.

Table 6. K value for each item of the Barthel Index and the 
BI-SR-TH

Item K (SE)

Bowels
Bladder
Grooming
Toilet
Feeding
Transfer
Mobility
Dressing
Stairs
Bathing

0.34 (0.07)
0.35 (0.07)
0.72 (0.09)
0.68 (0.06)
0.72 (0.09)
0.61 (0.06)
0.70 (0.06)
0.71 (0.06)
0.64 (0.11)
0.71 (0.07)

K, Kappa coefficients; SE, standard error; BI-SR-TH, Thai 
version of the Barthel Index Self-Report

DISCUSSION
This study developed and validated a Thai ver-

sion of the BI-SR-TH which demonstrated good 
validity and reliability for use with individuals 
having SCI. The BI-SR-TH showed acceptable 
internal consistency (Cronbach’s alpha = 0.836) 
and very good concurrent validity, with a clini-
cian-rated BI (r = 0.884). These results are higher 
than those reported by Morley and colleagues, 
who found a Cronbach’s alpha of 0.69 and a cor-
relation of r = 0.64 in Parkinson’s disease patients 
using the postal version of the BI (7). Construct 
validity was supported through correlations with 
the Thai EQ-5D-5L. Strong negative correlations 
between BI-SR-TH and EQ-5D-5L domains such 

as mobility, self-care, and usual activities con-
firmed convergent validity, as these domains con-
ceptually overlap with the BI. In contrast, weak 
or nonsignificant correlations between BI-SR-TH 
and EQ-5D-5L domains such as anxiety and pain 
supported discriminant validity, indicating that 
the instrument does not strongly associate with 
unrelated constructs. The validated Thai EQ-5D-
5L was chosen for these assessments based on its 
reliability in chronic and neurological conditions 
(18) and its inclusion of both overlapping and dis-
tinct domains. While SCIM is a valuable tool for 
assessing the functional abilities of individuals with 
SCI, we chose not to focus on it for this study be-
cause SCIM does not include items for assessing 
discriminant validity. Test-retest reliability of the 
questionnaire was also high and was in line with 
previous studies, e.g., Gompertz and colleagues 
(6). The floor and ceiling effects were within  
acceptable limits (< 15.0%) (16). 

Agreement between BI and BI-SR-TH total 
scores were strong (ICC = 0.916), comparable to 
results by Sutton et al. in stroke patients (ICC = 
0.90) (8). Mean differences between BI-SR-TH 
and clinician-rated BI were negligible, with most 
Bland-Altman plot points within acceptable limits,  
supporting equivalence between the two formats.  
Consistent with previous research (8), the BI-SR-
TH tended to yield slightly higher scores. How-
ever, the agreement between the BI and BI-SR-
TH was lower for bowel and bladder items, as 
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was observed by Sutton et al. (K = 0.24). Sutton  
et al. speculated that this might be due to patients 
feeling uncomfortable answering questions about 
incontinence (8). 

The most inconsistent response in the bladder  
item was that the physician assessed the BI as “in-
continence or catheterized and unable to manage 
alone (0),” while some participants’ responses to 
the BI-SR-TH were “never incontinent” (2 points). 
Two points (continent) in the BI was intended to 
include participants who could manage their uri-
nary catheters themselves; however, if a partic-
ipant required assistance even without leakage, 
they would be assessed as “(0).” In the BI-SR-TH 
version, based on discussions with participants, it 
was found that there was an issue in cases where 
participants could not manage their urinary cath-
eters themselves but did not have urine leakage 
sometimes misunderstanding the question and 
electing “never incontinent” (2 points) instead of 
“need assistance with urinary catheterization” (0 
points)” This likely resulted in only a fair agreement 
when the BI and the BI-SR-TH were compared. 

A similar issue was observed for the bowels  
items. Participants who could not manage bowel 
care themselves but did not experience inconti-
nence chose to respond with “never experienced 
incontinence” (2 points) instead of answering “in-
continence all the time or need someone to give 
an enema” (0 points). Another point of difference 
was that the physician assessed “continence (2 
points)” but the participants responded with 1 
“occasional accident” (1 point). This might be due 
to the BI specifying a time frame for the blad-
der and bowel evaluations (over the past week). 
Those who did not experience incontinence dur-
ing that week would be evaluated as “continence 
(2).” However, in the postal version by Gompertz 
et al. (6), there was no specified time frame in the  
description, allowing patients who experienced 
incontinence more than a week ago to choose 
“occasional accident” (1 point).

Due to the aforementioned issues, the authors  
believe that additional changes in the bowels 
and bladder items in the BI-SR-TH would en-
hance understanding and validity. This could 
potentially be achieved by adding phras-
es such as “completely managed alone” in the  
response option “never incontinent/never an ac-
cident” (2 points) and including the phrase “in the 
past week” in the descriptions of both the bladder 

and bowels items (the BI-SR-TH with additional  
suggestions is provided in the supplementary 
appendix). Since items other than the bowel and 
bladder aspects in BI-SR-TH were consistent 
with BI, we did not find it necessary to conduct 
further investigations or make changes in those 
items. Considering the inconsistencies observed 
between the BI and the BI-SR-TH, it is also possi-
ble that the BI-SR-TH, by being self-administered 
and sensitive to SCI-related issues, may ultimate-
ly provide a more accurate reflection of patients’ 
true functional abilities. Future research should 
compare these formats against real-world out-
comes and quality of life.

There were several limitations to this study. 
While the overall score agreement was strong, 
the agreement for bowel and bladder items was 
only fair. Factor analysis was not performed, and 
the study did not collect data on questionnaire 
completion time. The sample included only in-
dividuals with SCI; therefore, validation in other 
populations, such as stroke or other neurologi-
cal conditions, is warranted. Further research 
should also explore how cultural differences  
affect self-reporting behaviors to ensure broader 
applicability and cross-cultural validity.

CONCLUSIONS
The BI-SR-TH demonstrated good internal 

consistency, good validity, excellent test-retest 
reliability, as well as good overall agreement with 
the clinician-rated version. However, agreement 
for the bowels and bladder items was only fair. 
Given the importance of these functions for peo-
ple with SCI, further refinement of these items 
is recommended to enhance the tool’s suitability 
for this population before widespread implemen-
tation.
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Supplementary Appendix 

Barthel Questionnaire (English Version)

These are some questions about your ability to look after yourself. 
They may not seem to apply to you. Please answer them all.  
Tick one box in each section like this:  

Bathing  
In the bath or shower, do you: ………. 

Remember - tick one box only 

manage on your own? 1 

need help getting in and out? 0 

need other help? 

never have a bath or shower? 

need to be washed in bed? 

Stairs  
Do you climb stairs at home: ………. 

Remember - tick one box only 

without any help? 2 

with someone carrying your frame? 1 

with someone encouraging you? 

with physical help? 

not at all? 0 

don't have stairs? 

Dressing  
Do you get dressed: ………. 

Remember - tick one box only 

without any help? 2 

just with help with buttons? 1 

with someone helping you most of the time? 0 

Mobility  
Do you walk indoors: ………. 

Remember - tick one box only 

without any help apart from a frame? 3 

with one person watching over you? 2 

with one person helping you? 

with more than one person helping? 0 

not at all? 
or do you use a wheelchair independently 

(e.g. to go around corners)? 1 

Transfer  
Do you move from bed to chair: 
………. 

Remember - tick one box only 

on your own? 3 

with a little help from one person? 2 

with a lot of help from one or more people? 1 

not at all? 0 

Feeding  
Do you eat food: ………. 

Remember - tick one box only 

without any help? 2 

with help cutting food or spreading butter 1 

with more help? 0 



Toilet use  
Do you use the toilet or commode: 
…… 

Remember - tick one box only 

without any help? 2 

with some help but can do some thing? 1 

with quite a lot of help? 0 

Grooming  
Do you brush your hair and teeth, wash 
your face and shave: ………. 

Remember - tick one box only 

without help? 1 

with help? 0 

Bladder (during the past week) 
Are you incontinent of urine? 

Remember - tick one box only 

never (manage on your own) 2 

less than once a week 

less than once a day 1 

more often 0 

have a catheter managed for you? 

Bowels (during the past week) 
Do you soil yourself?  

Remember - tick one box only 

never (manage on your own 2 

Occasional accident 1 

all the time 
need someone to give you an enema? 

0 

Note: The recommendations made by the researcher for further improvements have been 
underlined



Barthel Questionnaire (Thai Version; BI-SR-TH)

แบบสอบถามบารเธล 
แบบประเมินชุดน้ีมีไวเพ่ือใหทานประเมินความสามารถในการประกอบกิจวัตรประจําวัน 

กรุณาตอบคําถามทั้งหมด แมบางขออาจดูเหมือนไมเกี่ยวของกับคุณ  

ทําเครื่องหมาย เพียง 1 ชองในแตละหัวขอ 

การอาบน้ํา 
คุณอาบนํ้าไดโดย………. 

 หมายเหตุ – เลือกเพียง 1 ตัวเลือกเทาน้ัน 

อาบนํ้าไดดวยตนเอง 1 

ตองชวยเหลือในการเขาและออกบริเวณอาบนํ้า 0 

ตองการความชวยเหลือดานอ่ืนๆ 

ไมเคยอาบนํ้าเลย 

ตองเช็ดตัว/อาบนํ้าบนเตียง 

การขึ้นลงบนัได 
คุณขึ้นลงบันไดที่บานไดโดย………. 

หมายเหตุ – เลือกเพียง 1 ตัวเลือกเทาน้ัน 

ไมตองการความชวยเหลือใด ๆ 2 

โดยตองมีคนชวยถืออุปกรณชวยเดิน 1 

โดยตองมีคนชวยใหกําลังใจ 

โดยตองชวยเหลือทางกาย 

ไมไดขึ้นลงบันไดเลย 0 

ไมมีบันได 

การแตงตัว 
คุณแตงตัวไดโดย………. 

หมายเหตุ – เลือกเพียง 1 ตัวเลือกเทาน้ัน 

แตงตัวไดดวยตนเอง 2 

โดยตองมีคนชวยติดกระดุม 1 

โดยตองมีคนชวยเหลือเกือบตลอดเวลา 0 

การเคลื่อนที ่
คุณเดินในบานโดย………. 

หมายเหตุ – เลือกเพียง 1 ตัวเลือกเทาน้ัน 

เดินไดเอง หรือใชเพียงอุปกรณชวยเดิน 3 

โดยตองมีคนเฝาระวัง 1 คน 2 

โดยตองมีคนชวยเหลือ 1 คน 

โดยตองมีคนชวยเหลือ 2 คนขึ้นไป 0 

ไมสามารถเดินหรือใชวีลแชรดวยตนเองได 

หรือคุณใชวีลแชรไดดวยตนเอง (เขาออกมุมตางๆได) 1 

การเคลื่อนยายตัว 
คุณยายตัวเองจากเตียงไปที่เกาอ้ีไดโดย………. 

หมายเหตุ – เลือกเพียง 1 ตัวเลือกเทาน้ัน 

ยายไดดวยตนเอง 3 

โดยตองการคน 1 คนชวยเหลือเล็กนอย 2 

โดยตองการคน 1 คนขึ้นไป ชวยเหลืออยางมาก 1 

ไมสามารถยายตัวไดเลย 0 



การรับประทานอาหาร 
คุณรับประทานอาหารไดโดย………. 

 หมายเหตุ – เลือกเพียง 1 ตัวเลือกเทาน้ัน 

ทานอาหารไดดวยตนเอง  2 

โดยตองชวยเหลือในการตัดอาหารหรือทาเนย  1 

โดยตองชวยเหลือมากกวาขอดานบน  0 

การใชหองน้ํา 
คุณสามารถใชหองนํ้า หรือเกาอ้ีน่ังถายเพ่ือ

ขับถายไดโดย………. 

 หมายเหตุ – เลือกเพียง 1 ตัวเลือกเทาน้ัน 

ไมตองการความชวยเหลือใด ๆ  2 

โดยทําบางอยางไดเอง แตตองชวยเหลืออยูบาง  1 

ทําไดโดยตองการความชวยเหลืออยางมาก  0 

   

การดูแลความสะอาดใบหนา 
คุณหวีผม แปรงฟน ลางหนา และ 

โกนหนวดไดโดย………. 

 หมายเหตุ – เลือกเพียง 1 ตัวเลือกเทาน้ัน 

ดูแลไดโดยไมตองการความชวยเหลือ  1 

โดยตองการความชวยเหลือ  0 

   

   

การถายปสสาวะ (ชวง 1 สัปดาหที่ผานมา) 

คุณปสสาวะเลด็ราดหรือไม 

 หมายเหตุ – เลือกเพียง 1 ตัวเลือกเทาน้ัน 

ไมเคยปสสาวะเล็ดราดและจัดการไดดวยตนเอง  2 

เล็ดราดบาง 1 ครั้งใน 2-3 สปัดาห   

เล็ดราดบาง 1 ครั้งใน 2-3 วัน   1 

ปสสาวะเล็ดราดบอยๆ  0 

คุณตองมีผูชวยในการใชสายสวนหรือคาสายสวนปสสาวะ   

การถายอุจจาระ (ชวง 1 สัปดาหที่ผานมา) 

คุณอุจจาระเล็ดราดหรือไม 

 หมายเหตุ – เลือกเพียง 1 ตัวเลือกเทาน้ัน 

ไมเคยอุจจาระเล็ดราดและจัดการไดดวยตนเอง  2 

เล็ดราดเปนบางครั้ง  1 

เล็ดราดตลอดเวลา 

หรือคุณตองมีผูชวยในการสวนถายอุจจาระ 

 0 

 

 

หมายเหตุ: ขอเสนอที่ผูวิจัยแนะนําใหมีการปรับปรุงเพ่ิมเติม ไดทําการขีดเสนใตไว 
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 ABSTRACT

OBJECTIVE  This study aims to investigate the expression pattern of  
Secreted Phosphoprotein 1 (SPP1), its prognostic relevance, and the asso-
ciated co-expression gene network in kidney renal papillary cell carcino-
ma (KIRP).

METHODS  Publicly available transcriptomic and clinical datasets were 
analyzed using GEPIA, UALCAN, and the GTEx Portal. SPP1 expression 
levels in KIRP versus normal kidney tissues were evaluated, followed by 
Kaplan–Meier survival analysis stratified by ethnicity, gender, and body 
weight. Co-expression analysis was performed to identify genes signifi-
cantly correlated with SPP1 and to explore their potential biological func-
tions.

RESULTS SPP1 expression was significantly upregulated in KIRP tissues 
compared with normal kidney tissues, consistent with GTEx data showing 
naturally high expression in kidney cortex and medulla. High SPP1 expres-
sion was associated with poorer overall survival, particularly among Cau-
casian patients, while no significant survival differences were observed 
by gender or body weight. Ten genes strongly co-expressed with SPP1, 
MLLT3, AKIRIN2, YIPF1, SESTD1, LAMC1, FAS, ABCC3, MTHFD1L, ANXA2P2, 
and ARHGAP29 were identified, many of which are implicated in cell adhe- 
sion, migration, extracellular matrix remodeling, and apoptosis resistance. 

CONCLUSIONS SPP1 is markedly overexpressed in KIRP and correlates 
with unfavorable prognosis, highlighting its potential as a diagnostic and 
prognostic biomarker. The identified SPP1-associated co-expression gene 
network may offer novel insights and therapeutic targets for improving 
molecular-based interventions in KIRP.  

 KEYWORDS  kidney renal papillary cell carcinoma, Secreted Phosphop-
rotein 1, UALCAN, GEPIA
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INTRODUCTION
Kidney cancer is one of the leading causes of 

urological cancer deaths worldwide, with kidney 
renal papillary cell carcinoma (KIRP) being the 
second major subtype after clear cell renal cell 
carcinoma (ccRCC) (1). Although KIRP exhibits  
a relatively less aggressive biological behavior  

compared to ccRCC, its response to therapy remains  
variable and incompletely understood. Although 
KIRP is generally considered less aggressive than 
ccRCC, there remains a strong need for reliable 
biomarkers and more tailored therapeutic strate-
gies. Epidemiological data indicate that KIRP  
accounts for approximately 10–15% of all renal cell 
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carcinoma (RCC) cases worldwide, representing 
the second most common subtype after ccRCC. 
Importantly, advanced-stage KIRP is associated 
with poor outcomes, with reported 5-year sur-
vival rates as low as 40–50%. Moreover, unlike 
ccRCC, KIRP often shows variable responses to 
standard systemic therapies, including tyrosine  
kinase inhibitors and immunotherapy, under-
scoring the heterogeneity of its biology. This 
clinical variability highlights the necessity of  
identifying molecular biomarkers that could  
improve risk stratification, guide therapeutic  
decision-making, and potentially enable the de-
velopment of targeted treatments specifically for 
KIRP (2). Advances in omics approaches, especially  
transcriptomics, have opened up new opportu-
nities to identify specific biomarkers that can be 
used for early diagnosis, risk stratification, and 
more targeted therapy. In this context, identifying  
genes that play a key role in the pathogenesis of 
KIRP is an urgent need to personalize therapy and 
improve patient prognosis (3). One candidate gene 
that has attracted attention in cancer research 
is Secreted Phosphoprotein 1 (SPP1), also known 
as osteopontin. SPP1 is a multifunctional glyco-
protein involved in various biological processes 
such as cell adhesion, migration, angiogenesis, 
and regulation of immune responses (4, 5). Over-
expression of SPP1 has been reported in various 
cancer types, including breast, lung, prostate, 
and liver cancers, and is often associated with 
poor prognosis and increased metastatic poten-
tial. However, the specific role of SPP1 in KIRP has 
not been comprehensively explored (6). Given the 
potential multifunctionality of SPP1 in the tumor 
microenvironment, further investigation of its 
expression in the context of KIRP may open new 
avenues for the development of molecular bio-
markers (7).

Gene expression-based analytical approaches 
from bioinformatics databases allow for system-
atic analysis of SPP1 expression levels between 
tumor tissues and paired normal tissues (8, 9). 
In addition, gene expression correlation analysis  
provides information on other genes co-expressed 
with SPP1, which may reflect interrelated molec-
ular pathways or transcriptional regulation (10). 
The identification of these genes may enhance 
our understanding of the molecular mechanisms  
underlying KIRP and may facilitate the develop- 

ment of more accurate and sensitive biomarker 
panels. In this study, we evaluated SPP1 expres-
sion in KIRP tissues compared with normal kidney 
tissues and identified genes with the most similar 
expression patterns (co-expression) to SPP1 (11). 
The main objectives of this study were to ex-
plore the biological role of SPP1 in KIRP and to 
construct a gene expression network that may be 
clinically relevant (12). We hypothesize that in-
creased expression of SPP1 and its co-expressed 
genes may reflect the activation of specific mo-
lecular pathways that support tumor growth and 
progression. It is anticipated that the results of 
this study will provide important contributions 
to the molecular understanding of KIRP and will 
support the development of new biomarkers and 
therapeutic targets in the future.

METHODS
This study used a public data-based bioinfor- 

matics approach to evaluate gene expression of 
SPP1 in KIRP papillary renal cancer (13, 14). All 
analyses were performed in silico utilizing gene 
expression databases from the GEPIA (Gene  
Expression Profiling Interactive Analysis) platform 
(GEPIA2 v2021), UALCAN (update 2022), and Gen-
otype-Tissue Expression (GTEx) Portal v8, which 
provide access to large-scale transcriptomic data 
from The Cancer Genome Atlas (TCGA) and GTE) 
projects, respectively.

Analysis of SPP1 expression and survival using 
GEPIA

Gene expression analysis and prognostics 
SPP1 on KIRP is carried out using GEPIA (Gene 
Expression Profiling Interactive Analysis, http://
gepia.cancer-pku.cn), an R-based platform that 
uses RNA-seq data from The Cancer Genome  
Atlas (TCGA) and GTEx (15). To evaluate the differ-
ential expression of the SPP1 gene between KIRP 
tumor tissues and normal kidney tissues, the fea-
ture used was “Box Plot” on GEPIA. The analysis 
parameters were set as follows: log2 fold change 
(log2FC) cutoff of 1 and p <0.01. The type of analysis  
selected was Differential Expression Analysis, 
with the data type selected as “KIRP vs Normal”. 
The resulting graph is a box-and-whisker plot 
that visually shows the distribution of SPP1 ex-
pression in the normal and tumor groups, as well 
as the statistical value of the t-test. Furthermore, 
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survival analysis was performed to determine 
the relationship between SPP1 expression levels 
and the prognosis of KIRP patients. The feature 
“Survival Analysis” in GEPIA is used to generate 
Kaplan-Meier curves, which compare the prob-
ability of survival between patient groups by high  
expression and low expression from the SPP1 
gene. Group separation was performed auto-
matically based on median gene expression. The 
survival types analyzed were overall survival (OS), 
with the median group cutoff data separation 
method and the log-rank test statistical method.  
The results are visualized in the form of a 
Kaplan-Meier plot, equipped with hazard ratio  
(HR), p-value, and number of patients in each 
group.  A p < 0.05 was considered to indicate sta-
tistical significance. This analysis aims to assess 
the potential of SPP1 as a prognostic biomarker in 
KIRP based on its transcriptomic expression and 
its effect on patient clinical outcomes (16).

Survival analysis based on SPP1 gene expres-
sion using UALCAN

To evaluate the effect of gene expression SPP1 
on the prognosis of patients with KIRP, survival 
analysis was performed using the platform UAL-
CAN (https://ualcan.path.uab.edu). UALCAN is 
a web-based bioinformatics portal that provides 
access to clinical and transcriptomic data from 
TCGA, enabling analysis of gene expression and 
the relationship between gene expression and 
clinical outcomes, including patient survival (17). 
In this analysis, SPP1 expression data in KIRP pa-
tients were grouped into two categories based on 
median expression: group high expression (high 
expression) and group low expression (low ex-
pression). Survival analysis was performed using 
the method Kaplan-Meier survival plot, provided 
by UALCAN, to compare the cumulative survival 
probabilities between the two groups over time. 
Differences between survival curves were tested  
using the χ2 test log-rank test, which is auto-
matically calculated by the platform. The value 
p < 0.05 was considered statistically significant. 
The resulting data were visualized in the form 
of Kaplan-Meier curves with information on the 
number of patients in each group, p-value, and 
median survival time when available (18).

SPP1 Normal Expression Analysis Using GTEx 
Portal

To obtain an overview of gene expression SPP1 
in normal kidney tissue, data from GTEx Portal 

(https://gtexportal.org), a repository of RNA-seq 
gene expression data derived from healthy tis-
sues of various human donors was used. The 
platform provides TPM (transcripts per million) 
based genetic expression information, enabling 
high-quality comparison of expression across 
normal tissues (19, 20). Using the feature gene 
expression browser on the GTEx portal, a search 
was carried out on the SPP1 gene and its expression 
data was extracted from kidney tissue, specifi-
cally in two anatomical subtypes, namely kidney 
cortex and kidney medulla, if available. Expres-
sion data are visualized in the form of a boxplot, 
which shows the distribution of SPP1 expression 
values from a number of normal kidney tissue 
samples. These results were used as physiologi-
cal control references to compare with SPP1 gene 
expression in KIRP tumor tissues from the TCGA 
database (21, 22).

Correlation analysis of gene expression against 
SPP1

To identify the genes that are most similar 
in expression to SPP1 on KIRP, correlation anal-
ysis was carried out using the platform GEPIA 
(http://gepia.cancer-pku.cn). GEPIA offers fea-
tures “Similar Gene Detection”, which allows 
searching for genes with the most similar expres-
sion patterns based on the entire RNA-seq dataset 
from TCGA and GTEx (23). In this analysis, SPP1 
was used as the query gene. GEPIA calculated  
the value of the Pearson Correlation Coefficient 
(PCC) between SPP1 expression and each of the 
other genes in the KIRP dataset. Genes with the 
highest PCC values were selected for further 
analysis, focusing on strong positive correlations 
(PCC > 0.5). The results of the analysis are visu-
alized in Table 1, which includes information on 
gene symbols, gene IDs, and correlation values.

RESULTS
SPP1 expression in various types of cancer based 
on GEPIA analysis

To evaluate gene expression SPP1 in various 
cancer types, expression analysis was performed 
using RNA-seq data available through GEPIA, 
which combines TCGA and GTEx datasets. This 
graph shows the comparison of median SPP1 ex-
pression levels between tumor tissues (repre-
sented by pink bars) and normal tissues (repre-
sented by dark gray bars) across various cancer 
types. The results of the analysis show that SPP1 
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expression is consistently higher in tumor tissues 
than in normal tissues, especially in KIRP, Kidney 
Chromophobia (KICH), and Kidney Renal Clear 
Cell Carcinoma (KIRC). This marked increase in 
KIRP expression supports the hypothesis that 
SPP1 plays a role in the pathogenesis of papillary 
renal cancer. In addition, the pattern of increased 
SPP1 expression is also observed in several other 
cancer types, such as breast cancer (BRCA) and 
glioblastoma (GBM), although not as strong as 
that seen in renal cancer. These results can also 
be seen in Figure 1.

 
SPP1 expression in KIRP based on UALCAN 
analysis

UALCAN analysis revealed that SPP1 expres-
sion was significantly elevated in KIRP tumor tis-
sues compared with normal kidney tissues. These 
results are visualized in the form of a boxplot, 
where SPP1 expression in tumor samples (red) 
appears much higher compared to normal sam-
ples (blue). This difference in expression is statis-
tically significant, with a p < 0.01, indicating the 
involvement of SPP1 in the pathogenesis of KIRP. 
The consistently higher SPP1 expression in KIRP 
tissue supports the hypothesis that SPP1 may play 
a role in the process of proliferation, migration, 
and remodeling of the tumor microenvironment. 
These findings strengthen the potential of SPP1 
as a molecular biomarker for diagnosis, progno-
sis, and as a therapeutic target in papillary kidney 

cancer. The detailed statistical results are pre-
sented in Figure 2.

 
SPP1 expression analysis in KIRP based on  
GEPIA and UALCAN platforms

To further evaluate SPP1 expression in KIRP 
cancer, gene expression analysis was performed 
using two major bioinformatics platforms, namely  
GEPIA and UALCAN. In GEPIA analysis (Figure 3A), 
SPP1 expression in KIRP tumor tissue appeared 
significantly higher than in normal tissue. Visua- 
lization in the form of a scatter plot showed the 
distribution of transcripts per million (TPM) values, 
with the KIRP tumor group standing out signi- 
ficantly above normal tissue. This confirmed the 
strong upregulation of SPP1 in KIRP tumor tissue. 
Meanwhile, analysis using UALCAN (Figure 3B) 
showed similar results through boxplot visualiza-
tion. The level of SPP1 expression in primary tumor 
tissue (n = 290) was significantly higher than in 
normal kidney tissue (n = 32), with a median ex-
pression more than twice that of normal tissue. 
Statistical analysis showed a significant differ-
ence (p < 0.01), strengthening the evidence that 
SPP1 overexpression is an important molecular 
characteristic of KIRP. The consistency of findings 
from these two platforms suggests that SPP1 may 
play a key role in KIRP pathogenesis and has po-
tential as a diagnostic biomarker or molecular 
therapeutic target.

Figure 1. SPP1 Gene expression in various types of cancer and normal tissues
ACC, adenocortical carcinoma;  BRCA, breast invasive carcinoma; CHOL, cholangiocarcinoma; DLBC, diffuse large B-cell 
lymphoma; GMB, glioblastoma; KICH, kidney chromophobe; KIRP, kidney renal papillary cell carcinoma; LGG, low-grade 
glioma; LUAD, lung adenocarcinoma; OV, ovarian cancer; PCPG, pheochromocytoma and paraganglioma; READ, rectum 
adenocarcinoma; SKCM, skin cutaneous melanoma; TGCT, testicular germ cell tumors; THYM, thymoma, UCS, uterine 
carcinosarcoma
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Figure 2. SPP1 gene expression in KIRP tissue and normal kidney tissue based on UALCAN analysis, normal tissue (blue);  
tumor tissue (red)
BLCA, bladder urothelial carcinoma; BRCA, breast invasive carcinoma; CESC, cervical squamous cell carcinoma; CHOL, 
cholangiocarcinoma; COAD, colon adenocarcinoma; ESCA, esophageal cancer; GMB, glioblastoma; HNSC, head and 
neck squamous cell carcinoma; KICH, kidney chromophobe; KIRC, kidney renal clear cell carcinoma; KIRP, kidney renal 
papillary cell carcinoma; LIHC, liver hepatocellular carcinoma; LUAD, lung adenocarcinoma; LUSC, lung squamous cell 
carcinoma;  PAAD, pancreatic ductal adenocarcinoma; PRAD, prostate adenocarcinoma, PCPG, pheochromocytoma and 
paraganglioma; READ, rectum adenocarcinoma; SARC, sarcoma, SKCM, skin cutaneous melanoma; THCA,  thyroid carci-
noma; THYM, thymoma, STAD, stomach adenocarcinoma UCEC, uterine corpus endometrial carcinoma

TCGA sample

Figure 3. SPP1 expression analysis in KIRP across two platforms. (A) Scatter plot from GEPIA showing significantly higher 
SPP1 expression in KIRP tumor tissues compared with normal kidney tissues (p < 0.01). TPM values are displayed with 
median and interquartile ranges. (B) Boxplot from UALCAN showing SPP1 expression levels in KIRP tumor samples (n = 
290) versus normal kidney tissues (n = 32). Median tumor expression is more than twice that of normal tissues (p < 0.01).

Identification of highest co-expression genes 
against SPP1 in KIRP

As part of the gene expression network explo-
ration, expression correlation analysis was per-
formed using datasets from GEPIA. The results 
of the analysis showed that several genes had 
the most similar expression patterns to SPP1 in 
KIRP. The gene with the highest correlation was 

SESTD1  (PCC = 0.65), followed by AKIRIN2 (PCC 
= 0.59), YIPF1 (PCC = 0.57), SESTD1 (PCC = 0.55), 
and LAMC1 (PCC = 0.54). Other genes such as FAS, 
SESTD1, MTHFD1L, ANXA2P2, and ARHGAP29 
also showed strong correlations with PCC values  
above 0.53. This co-expression suggests that these 
genes are likely involved in molecular pathways 
that are interconnected with SPP1 function,  



SPP1 network in renal papillary carcinoma

Biomedical Sciences and Clinical Medicine 2026;65(1):100-110. 		  105

especially in processes such as cell migration,  
adhesion, tissue remodeling, and resistance to 
apoptosis. This finding opens up opportunities 
for further studies of these genes, both as part 
of a predictive biomarker network and as molec-
ular therapeutic targets for KIRP as summarized 
in Table 1.

Relationship between SPP1 expression and prog-
nosis of KIRP patients

Survival analysis using the GEPIA platform 
showed that SPP1 expression levels were asso-
ciated with the prognosis of KIRP patients. The 
Kaplan-Meier survival plot (Figure 4) showed 

that patients with high SPP1 expression (high  
expression) had a lower overall probability of  
survival compared to patients with low expres-
sion (low expression). Statistically, this difference 
was significant with a p < 0.05, indicating that 
SPP1 overexpression may be associated with 
worse clinical outcomes in KIRP patients. These 
findings strengthen the potential role of SPP1 as a 
negative prognostic biomarker, where increased 
expression of this gene may reflect greater tumor 
aggressiveness and a worse prognosis.

Relationship between SPP1 Expression and 
Prognosis of KIRP Patients Based on Survival 
Analysis

Survival analysis of KIRP patients based on 
SPP1 expression was performed using data from 
the UALCAN platform. The results of the sur-
vival analysis (Figure 5A) Kaplan-Meier survival 
plot showed patients with high SPP1 expression 
tended to have a lower probability of survival 
than patients with low or moderate expression. 
However, this difference did not reach statistical 
significance (p = 0.36). This finding suggests that 
although there was a trend of decreased survival  
in the high expression group, SPP1 expression 
alone may not be strong enough to independent-
ly predict the prognosis of KIRP patients. When 
stratification was performed based on patient 
race (Figure 5B), it was found that the combina-
tion of SPP1 expression and race factors gave sig-
nificant results (p = 0.045). In particular, Cauca-
sian patients with high SPP1 expression showed 
lower survival rates than other groups. These  
results indicate that the effect of SPP1 expression 
on prognosis may also depend on the genetic or 
racial background of the patient. Further analysis  
based on patient gender (Figure 5C) showed that 
there was no significant difference in survival  
rate based on SPP1 expression between male 
and female patients (p = 0.42). This suggests that  
gender does not modify the relationship between 
SPP1 expression and clinical outcome in KIRP. 
Survival analysis based on weight category (Fig-
ure 5D) similarly showed no significant difference 
(p = 0.69) in the prognosis of KIRP patients based 
on SPP1 expression. Thus, weight status does not 
appear to influence the impact of SPP1 expression 
on patient survival.

Table 1. List of genes with the highest co-expression with 
SPP1 in KIRP based on expression correlation analysis in 
GEPIA

Gene symbol Gene ID PCC

MLLT3
ENDING2
YIPF1
SESTD1
LAMC1
FAS
ABCC3
MTHFD1L
ANXA2P2
ARHGAP29

ENSG00000171843
ENSG00000135334
ENSG00000058799
ENSG00000187231
ENSG00000135862
ENSG00000026103
ENSG00000108846
ENSG00000120254
ENSG00000231991
ENSG00000137962

0.65
0.59
0.57
0.55
0.54
0.54
0.54
0.54
0.54
0.53

PCC, Pearson Correlationship Coefficient
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Figure 4. Kaplan-Meier analysis of the relationship be-
tween SPP1 expression and overall survival of KIRP pa-
tients using GEPIA
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Normal expression of SPP1 gene based on GTEx 
data

Physiological expression analysis of the SPP1 
gene in various normal human tissues was per-
formed using data from GTEx Portal. The visuali-
zation resulted in the form of violin plots showed 
that SPP1 expression varied among various tis-
sues. The highest expression was detected in 
kidney cortex and kidney medulla tissues. These 
data strengthen the finding that increased SPP1 
expression was observed in KIRP tissues. Thus, 
SPP1 has potential as an important molecular  
indicator in detecting abnormal biological changes 
in KIRP as can be seen in Figure 6.

 
DISCUSSION

In this study, SPP1 gene expression was found 
to be significantly increased in KIRP tissues com-
pared with normal kidney tissues. Data from the 
GEPIA and UALCAN platforms showed consistent 
results, with SPP1 expression in KIRP tumors more 

than double that in normal tissues, a statistically 
significant difference (p < 0.01) (18, 23). Additional 
analysis from the GTEx Portal showed that SPP1 
had relatively high expression levels in both kid-
ney cortex and kidney medulla tissues (24). This 
confirms that the increase in SPP1 in KIRP is not 
simply a result of physiological variability but 
rather reflects specific molecular deregulation in 
tumor tissues. SPP1, as a multifunctional glyco-
protein, is known to be involved in a number of  
important biological processes, including cell  
adhesion, migration, extracellular matrix remod-
eling, and modulation of the immune response in 
the tumor microenvironment (25). Overexpression 
of SPP1 in KIRP can be assumed to enhance tumor 
aggressiveness through activation of pro-inflam-
matory and pro-metastatic pathways, accelerate 
local tissue invasion, and support the formation 
of distant metastases (26). This is in line with data 
on various other cancers, such as breast, lung, 
and liver cancer, where SPP1 functions as a major 

Figure 5. Kaplan-Meier survival plot of KIRP patients based on SPP1 expression. (A) Overall survival stratified by high ver-
sus low SPP1 expression (p = 0.36, not significant). (B) Survival stratified by race, showing significantly worse prognosis in 
Caucasian patients with high SPP1 expression (p = 0.045). (C) Survival stratified by gender, showing no significant differ-
ence between male and female patients (p = 0.42). (D) Survival stratified by patient weight category, showing no significant 
difference (p = 0.69).

Effect of SPP1 expression level on KIRP patient survival
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- High expression (n = 73)
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Figure 6. Distribution of SPP1 gene expression in various normal human tissues based on data from the GTEx portal

mediator of tumor phenotype changes towards a 
more invasive direction. Clinically, KIRP demon-
strates variable outcomes. While early-stage KIRP 
is often associated with favorable prognosis,  
advanced-stage disease suggests a markedly worse 
outcome, with reported 5-year survival rates as 
low as 40–50%. Population-based data also indi-
cate that KIRP contributes significantly to renal 
cancer-related mortality, particularly in patients 
with metastatic or treatment-resistant disease. 
Moreover, the relatively poor response of KIRP 
to conventional targeted therapy and immuno-
therapy further underscores its clinical aggres-
siveness in advanced settings. In this context, the 
identification of prognostic biomarkers such as 
SPP1 may be particularly valuable, as they could 
help refine risk stratification, better predict ther-
apeutic response, and ultimately improve clinical 
decision-making in patients with KIRP (27).

Interestingly, we observed a discrepancy  
between the results obtained from GEPIA and 
UALCAN. While GEPIA analysis indicated that high 
SPP1 expression was significantly associated with 
worse OS, the UALCAN platform showed a similar  
trend but without statistical significance in the 
overall cohort. Several factors may underlie this 
inconsistency. First, cohort composition and 
sample size differ between the two platforms: 
GEPIA integrates TCGA and GTEx datasets, re-
sulting in a broader and more heterogeneous 

cohort, whereas UALCAN relies solely on TCGA- 
KIRP data, which may reduce statistical power. 
Second, differences in statistical methods are 
likely contributors: GEPIA applies log-rank tests 
with median cutoffs for survival group stratifica-
tion, while UALCAN employs χ²-based log-rank 
statistics with automatic subgrouping, which 
can influence outcome significance. Third, data 
normalization and processing pipelines vary be-
tween platforms. GEPIA uses an integrated nor-
malization strategy across TCGA and GTEx, while 
UALCAN utilizes level 3 TCGA RNA-seq data pro-
cessed by its own pipeline. These differences may 
lead to subtle variations in expression quantifica-
tion and survival estimates. Acknowledging these 
platform-specific discrepancies is important, as it 
emphasizes the need for multi-cohort validation 
and highlights that survival associations should be 
interpreted with caution unless replicated across 
independent datasets. Next, the relationship be-
tween SPP1 expression levels and clinical progno-
sis of KIRP patients was explored through GEPIA 
and UALCAN-based Kaplan-Meier analysis. The 
results of GEPIA showed that patients with high 
SPP1 expression had worse OS than those with 
low expression, with a p < 0.05. This indicates that 
SPP1 may serve as a negative prognostic biomarker.  
However, the results of UALCAN, although showing 
a similar trend, did not reach statistical signifi-
cance overall (p = 0.36). Interestingly, when strati- 
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fied by race, high SPP1 expression in Caucasian 
patients showed a significant association with 
worse outcomes (p = 0.045). Collectively, these 
observations indicate that our race-specific find-
ings from UALCAN align with known epidemio-
logic and outcome disparities in RCC, reinforcing 
the need for race-aware validation of SPP1 as a 
prognostic biomarker in KIRP. Population het-
erogeneity in KIRP outcomes may partly reflect  
genetic differences. For example, MET alterations 
and FH mutations, which drive papillary RCC 
subtypes, occur with variable frequency across 
populations, while APOL1 risk variants—common 
in individuals of African ancestry—have been  
associated with poorer renal outcomes. These 
findings highlight the importance of validating 
prognostic biomarkers such as SPP1 in multi-ethnic 
cohorts. Further analysis based on patient gen-
der (Figure 5C) found no significant difference in 
survival. Taken together, these findings suggest 
that high SPP1 expression may serve as a negative 
prognostic marker in KIRP. The GEPIA results 
demonstrated statistical significance for overall  
survival, likely reflecting the larger integrated 
cohort and higher statistical power achieved by 
combining TCGA and GTEx data. By contrast, 
UALCAN did not show significance in the overall 
analysis, but its subgroup stratification (e.g., by 
race) revealed clinically meaningful differences, 
particularly in Caucasian patients. This indicates 
that while GEPIA may provide stronger statistical  
evidence of association, UALCAN highlights 
population-specific heterogeneity that could 
be clinically relevant. Therefore, both platforms 
are complementary: GEPIA supports the general  
prognostic role of SPP1 in KIRP, whereas UALCAN 
underscores the importance of considering pa-
tient demographics and molecular diversity 
when interpreting prognostic biomarkers. These 
insights strengthen the significance of SPP1 ex-
pression, not only as a potential universal bio-
marker but also as a candidate for personalized 
prognostic evaluation in specific subgroups of 
KIRP patients.

These results underscore the importance of 
considering genetic or ethnic background varia- 
bles in the interpretation of molecular biomarkers.  
Genetic factors underlying population hetero-
geneity may modulate tumor responses to SPP1 
expression or affect its downstream signaling 

pathways. Meanwhile, analysis based on patient 
gender and weight showed no significant asso-
ciation, indicating that the influence of SPP1 on 
prognosis seems to be more intrinsic to the tumor  
rather than modified by external factors such as 
hormonal or metabolic (28). Overall, these findings 
place SPP1 as a potential prognostic biomarker 
candidate in KIRP, although further validation 
with a larger cohort and multivariate analysis is 
needed to strengthen its application in clinical 
practice (29).

Furthermore, gene co-expression analysis 
showed that SPP1 forms a close molecular ex-
pression network with several other genes that 
have relevant biological functions in cancer pro-
gression. SESTD1 , AKIRIN2, LAMC1, FAS, and 
SESTD1 genes showed high PCC with SPP1, indi-
cating involvement in similar biological pathways. 
SESTD1  is associated with transcriptional regula-
tion and hematopoiesis, which may contribute to 
the dynamics of tumor cell proliferation. LAMC1, 
as part of the laminin gamma chain, plays a role 
in cell interaction with the extracellular matrix 
and has been associated with increased migra-
tion and cancer invasion in various tumor types. 
Co-expression of SPP1 with FAS, a master regula-
tor of apoptosis, suggests potential involvement 
in evasion of programmed cell death, a critical 
mechanism in the development of therapy-re-
sistant tumors (30). Furthermore, co-expression 
with AKIRIN2 and SESTD1 extends the indica-
tion that SPP1 may be involved in the regulation 
of inflammatory signals and remodeling of the 
cell cytoskeleton. The integration of these data 
makes it clear that SPP1 does not act alone, but 
rather is part of a complex molecular network 
that regulates the aggressive phenotype of KIRP. 
These findings open up opportunities to develop 
combination-based therapeutic strategies, tar-
geting not only SPP1, but also critical co-expres-
sion pathways that may enhance the efficacy of 
molecular interventions against papillary renal 
cancer.

CONCLUSIONS
This study showed that SPP1 was significantly 

more highly expressed in KIRP tissues compared 
to normal kidney tissues, based on GEPIA and 
UALCAN analysis, and supported by GTEx data 
showing low SPP1 expression in healthy kidneys. 
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SPP1 overexpression was associated with worse 
clinical prognosis, especially in Caucasian pa-
tients, while there was no significant difference 
based on gender or body weight. Gene expression  
correlation analysis identified ten genes with the 
highest co-expression with SPP1, namely, SESTD1 
, AKIRIN2, YIPF1, SESTD1, LAMC1, FAS, SESTD1, 
MTHFD1L, ANXA2P2, and ARHGAP29, which may 
possibly play a role in cell adhesion, migration, ex-
tracellular matrix remodeling, and resistance to  
apoptosis pathways. Overall, these findings con-
firm that SPP1 has strong potential as a diagnostic 
biomarker, prognostic biomarker, and molecular 
therapeutic target in the management of KIRP.
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 ABSTRACT

OBJECTIVE  The development of next-generation dental bone implants 
focuses on sustainable, bioactive materials derived from animal by pro-
ducts, offering a cost-effective and eco-friendly alternative for bone  
regeneration. This study explores the fabrication of a 3D nano-structured 
dental implant (3D-DI) using fish bone collagen (FBC) and fibrin nano-
particles (FN), chosen for their excellent biocompatibility, bioactivity, and 
availability.

METHODS  FBC and FN scaffolds were synthesized and incorporated 
into an implant framework. Fourier-transform infrared spectroscopy 
(FTIR) analysis confirmed the presence of bioactive functional groups. 
High-resolution scanning electron microscopy (HRSEM) characterized 
the porous microstructure (100–500 nm) as conducive to cell adhesion 
and proliferation. In-vitro cytotoxicity (MTT assay) and cell viability (live 
cell staining) were evaluated using MG63 osteoblast-like cells.

RESULTS The 3D-DI demonstrated significant bioactivity after 14 days 
in simulated body fluid (SBF), with a mineralization rate of 68% (p < 0.01). 
MG63 cell viability increased to 85% after 72 hours (p < 0.05) (ANOVA 
using Microsoft Excel Office 2013), indicating excellent biocompatibility. 
Mechanical testing showed compressive strength of 83.41 ± 0.56 MPa and 
tensile strength of 76.83 ± 0.81 MPa suitable for load-bearing dental and 
orthopedic applications (p < 0.05). 

CONCLUSIONS This study presents a novel approach for transforming 
animal waste into sustainable, bioactive dental bone implants, offering an 
eco-friendly alternative to conventional graft materials. Unlike previous 
reports that primarily focus on single-component or synthetic scaffolds, 
3D-DI exhibits superior mechanical strength, enhanced mineralization, 
and excellent biocompatibility. These unique properties highlight its  
potential for load-bearing dental and orthopedic applications, addressing 
the current gap in development of cost-effective, high-performance bio-
materials from bio-waste sources. 
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INTRODUCTION
When a person with good general oral health 

loses one or more teeth due to periodontal dis-
ease, trauma, or other causes, dental implants are 
a good solution. Surgically placed in the jaw bone 
(also known as surgically traumatized bone) beneath 
the gums, dental implants—sometimes referred 
to as artificial tooth roots—can support an artificial 
crown in the absence of natural teeth (1). 

Used to support an artificial crown in the ab-
sence of natural teeth, dental implants—also re-
ferred to as artificial tooth roots—are biocompatible  
metal anchors that are surgically placed in the 
jaw bone or surgically damaged bone behind the 
gums. Failures of implant integration continue  
to occur and are challenging to predict even with 
their widespread clinical use. Because of the 
fierce and intense competition between dental 
surgeons and implant manufacturers, it is chal-
lenging to estimate dental implant success rates 
with any degree of accuracy (2). 

The mechanical environment is changed when 
one or more implants are surgically inserted into 
the mandible. In reaction to implant implantation 
and loading, bone remodels internally, rearranging 
its structure as described by Wolff’s law (3). Most 
current biomechanical research assumes 100% 
bone–implant contact, which overlooks the pos-
sibility of full contact between the implant and 
the bone. Implant surface topography and bone 
quality which are routinely observed in clinical 
settings are just two of the variables that affect 
the relationship between the implant and the 
surrounding bone (4-6). 

The marine food product industry uses its waste 
to create higher-value biomaterials. Numerous  
products derived from processed fish waste have 
been used in diverse applications, including ani-
mal feed, collagen, chitosan, natural colors, bio-
diesel/biogas, and bone implants. Collagen makes 
up the majority of the protein in bones, while 
hydroxyapatite bone minerals are also abundant.  
Plate-like tiny crystals of hydroxyapatite (HA) are 
implanted in collagen, which serves as a struc-
tural framework, strengthening the bone (7, 8).  
Muntean et al. (9) present a comprehensive re-
view of the production and characteristics of 
mollusk shell–derived hydroxyapatite, highlighting 
its bioactivity, osteoconductivity, sustainability,  
and potential for dental implant coatings and 

bone graft substitutes.
The aim of this investigation was to synthe-

size a 3D nano-structured dental implant (3D-DI) 
from biowaste. Using fourier-transform infrared 
spectroscopy (FTIR), thermogravimetric analy-
sis (TGA), and high resolution scanning electron  
microscopy (HRSEM), the BI produced was eval-
uated for its physicochemical properties. An 
in-vitro study of 3D-DI was conducted using 
MG63 osteoblast-like cell lines.

METHODS
Preparation of fish bone collagen (FBC)

Fish bone waste was obtained from a local 
fish market (Vanagaram, Chennai, Tamil Nadu 
600095) for use in the present study. The bone 
portion was then removed and cleaned. Later, the 
fishbone was defatted by treating it with acetone 
and ethanol.  The bones were cut into small-sized 
pieces and then demineralized using 2N HCI 
followed by H₂O₂ treatment. The samples were 
washed thoroughly with cold distilled water and 
ground to form a paste. The resultant fine paste 
was subjected to centrifugation (8,000-10,000 
rpm). The supernatant was collected and its pH 
was adjusted to the required level. The superna-
tant was then further centrifuged at 12,000 rpm.

Preparation of fibrin nanoparticles (FN)
Bovine blood collected from a municipal 

slaughterhouse was stirred well using a glass rod 
to obtain fibrin which was then washed with dis-
tilled water and incubated in 0.5M sodium ace-
tate and 30% hydrogen peroxide. The fibrin was 
then washed with distilled water, ground using 
a mortar and pestle (mechanical homogenizer), 
and stored at −20 °C. The fibrin was then treated  
with NaOH, to make a clear, yellow-colored  
solution which was treated with HCL under  
vigorous stirring at the required pH and the  
resultant formation of fibrin nanoparticles. 

Preparation of 3D dental implant (3D-DI)
3D-DI was prepared by mixing FBC, FN, cal-

cium carbonate and biopolymer gelatin in a ratio  
of 5:1:8:0.5 by weight. The resultant mixture was 
packed into a glass tube and extruded with a suit-
able glass rod. The cylindrical implant formed was 
cut into the required length and cured at 30oC 
for 12 h then at 100oC for 4-5 h.  Computer-aided  
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design (CAD) software was used with the dried 
material to model the 3D structure of the implant.

RESULTS
Physicochemical properties

UV-Vis spectroscopy is a valuable method for 
determining the existence and optical charac- 
teristics of FN (Figure 1A). FN typically shows a 
characteristic absorption peak in the UV area, 
indicating its proteinaceous nature. This peak 
often appears between 270 nm and 290 nm, 
demonstrating the absorption of aromatic amino  
acids such as tyrosine, tryptophan, and pheny-
lalanine, which are important components of  
fibrin proteins. The strength and position of the 
peak can confirm the effective creation of fibrin 
nanoparticles while also providing information 
on their concentration, purity, and potential for 
aggregation. Furthermore, any shifts in the peak 
position could suggest changes in the structural 
conformation or interactions with other compo-

nents in a composite system.  The FTIR spectrum 
was used to examine and identify the functional 
groups in the samples, as illustrated in Figure 1B 
and C. The FN exhibited a peak of around 2,600 
cm-¹, showing the presence of particular linkages  
associated to protein structures, likely linked 
to N-H stretching vibrations. This indicates the  
fibrin’s contribution to the total bioactivity of 
the composite material. These peaks reflect each 
component’s own chemical signatures, providing 
information on their composition and function-
al properties, which are critical for their roles in 
bioactive bone implants. Furthermore, collagen 
sample FTIR spectra showed a peak of about 
1,300 cm-¹, which corresponds to the bending  
vibrations of C-H bonds and amide III bands, con-
firming the existence of collagen-specific func-
tional groups.

Figure 2A shows the FTIR analysis of 3D-DI. 
The 3D-DI exhibited a strong absorption band 
at 2,200 cm-¹, indicating stretching vibrations 

Figure 1. (A) UV-Vis spectroscopy analysis of fibrin nanoparticles, (B) Fourier transform infrared spectroscopy of fibrin 
nanoparticles, (C) Fourier transform infrared spectroscopy analysis of fish bone collagen

(A)

(C)

(B)
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of carbonyl (C = O) or other organic functional 
groups. These vibrations are critical for the im-
plant’s structural stability.  Figure 2B shows the 
thermal stability of a 3D-DI made of collagen,  
fibrin nanoparticles, and calcium carbonate.  TGA 
was utilized to determine the material’s stabili-
ty. Moisture evaporation causes initial weight 
loss at lower temperatures, whereas collagen and  
fibrin degradation causes significant weight loss 
between 250°C and 350°C. The final degrada-
tion happens above 500°C, which corresponds to 
the breakdown of calcium carbonate. The 3D-DI  
has exceptional temperature stability, making it  
appropriate for biomedical applications. Figure 2C  
depicts the surface morphology of a 3D-DI made 
of collagen, fibrin nano-particles, and calcium 
carbonate. This material was thoroughly exam-
ined using HRSEM to gain a better understanding  
of its microstructure. The HRSEM images show a  
highly porous architecture with linked nano-sized  

pores that promote cell adhesion and nutrient 
exchange, both of which are important for bone 
tissue regeneration. The collagen component 
adds flexibility, and the fibrin nanoparticles im-
prove bioactivity and cell interactions. The addi- 
tion of calcium carbonate increases the scaffold’s 
osteoconductivity, which promotes bone miner-
alization. The homogeneous distribution of these 
components inside the 3D matrix maintains 
structural integrity, allowing the implant to repli-
cate natural bone tissue, encouraging faster inte-
gration and healing in the dental setting.

The mechanical properties of a 3D-DI made of 
FBC, FC, and calcium carbonate were assessed in 
terms of tensile strength, compressive strength, 
and water permeability. The collagen-based im-
plant’s tensile strength was 76.83 ± 0.81 MPa, 
demonstrating that it can sustain stretching 
pressures. The 3D-DI compressive strength (83.41 
± 0.56 MPa) indicates its resistance to compres-

Figure 2. (A) Fourier transform infrared spectrum of 3D-DI, (B) thermogravimetric analysis curve of 3D-DI, (C) high reso-
lution scanning electron microscope image of 3D-DI, (D) high resolution scanning electron microscope picture of 3D-DI 
after simulated bodily fluid treatment

100µm 100µm

(A)

(C) (D)

(B)
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sion, which is important for bone growth. The 
water absorption capacity (27.34 ± 1.65%) shows 
its ability to retain moisture, which is crucial for 
hydration and biocompatibility.

Bioactivity test
The bioactivity of the 3D-DI, composed of FBC, 

FN, and calcium carbonate as demonstrated in 
HRSEM is shown in Figure 2D. The implant was 
tested in phosphate buffer solution (PBS) to eval-
uate its ability to support mineral deposition, 
which is crucial for bone regeneration. During 
the test, the material was immersed in PBS to 
simulate physiological conditions, and its inter-
action with the solution was monitored over time. 
The formation of hydroxyapatite-like layers on 
the surface of the implant, indicated by mineral  
deposits, confirms its bioactivity. This suggests 
that the collagen and fibrin nanoparticles pro-
mote cell interaction, while the calcium car-
bonate enhances osteoconductivity, encouraging 
bone-like mineral formation. The bioactivity test 
highlights the material’s potential for effective 
bone regeneration in dental applications.

In-vitro analysis
Figure 3A shows the in-vitro evaluation of 

the control and 3D-DI sample. The 3D-DI was 
evaluated on the MG63 osteoblast-like cell line 
to determine its biocompatibility and ability to 
promote cell growth. The cells were cultivated 
on both the control and 3D-DI surfaces to deter-
mine how they affected cell attachment, growth, 
and viability at 48 and 78 h. The results show that 
the 3D-DI improved cell adhesion and prolifer-
ation, indicating that it has bioactive qualities 
and is suitable for bone tissue engineering. The 
combination of collagen and fibrin created a favo- 
rable environment for cell contact, whereas cal-
cium carbonate increased osteoconductivity, 
which is required for bone repair. This in-vitro 
investigation verifies the implant’s suitability for 
dental bone restoration. The fluorescence sur-
face morphology images show in 3D-DI and con-
trol interacts with cells (Figure 3B). Fluorescence 
microscopy was utilized to investigate the adhe-
sion and dispersion of MG63 cells on the 3D-DI 
surface. The fluorescently marked cells enabled 
easy identification of cell shape, spreading, and 
density across the implant. The image shows 
evenly distributed cells adhering to the porous 

Figure 3. (A) MTT assay showing the viability of MG‑63 cells for the control and 3D‑DI groups. (BS) Fluorescence micro-
graphs (20X) of MG‑63 cells cultured for 48 and 72 hours.

(B)

(A)
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structure, demonstrating efficient cell infiltra-
tion and interaction with the FBC, FN, and cal-
cium carbonate components. The fluorescent 
signal shows cytoskeletal structure, implying that 
the implant facilitates cell adhesion and prolifer-
ation. These findings confirm the 3D-DI potential 
for bone tissue regeneration by demonstrating its 
biocompatibility and ability to enable cellular in-
tegration.

DISCUSSION 
The complete assessment of the 3D-DI 

demonstrates its remarkable potential for bone 
regeneration. The UV-Vis spectroscopy study 
of FN proved its proteinaceous composition by  
revealing typical absorption peaks, indicating  
effective nanoparticle production (10). FTIR spec-
tra revealed information about the chemical struc-
tures of collagen, fibrin, and calcium carbonate, 
indicating the presence of functional groups  
required for bioactivity and stability. The charac-
teristic peaks of each material component, par-
ticularly the amide III bands in collagen and the 
N-H stretching in fibrin, contribute to the com-
posite implant’s overall structural integrity and 
biofunctionality (11, 12). HRSEM and fluorescent 
microscopy revealed the implant’s highly porous 
design, which promotes effective cell attachment 
and interaction. This porosity is vital for cell in-
filtration and nutrition exchange, both of which 
are necessary for bone tissue repair. The equally  
distributed cells seen in fluorescence pictures 
indicate that the implant’s material composition, 
notably the fibrin nanoparticles and collagen, sup-
ports cellular proliferation and integration (13, 14).

The bioactivity and thermal stability tests 
confirmed the implant’s ability to enable bone-
like mineral formation and to endure physiological  
circumstances. The creation of hydroxyapatite- 
like layers on the implant’s surface following 
immersion in PBS proved its osteoconductivity, 
which was caused by calcium carbonate’s contri-
bution to mineralization (15).  TGA revealed that 
the implant can maintain structural integrity at a 
variety of temperatures, assuring its suitability for 
biological purposes. In-vitro testing employing 
the MG63 cell line confirmed the implant’s bio-
compatibility, with results indicating increased 
cell growth and adherence compared to control 
samples. These findings indicate that the combi-

nation of collagen, fibrin nanoparticles, and cal-
cium carbonate provides an optimal environment 
for osteoblast function, making this 3D-DI a prom-
ising candidate for clinical usage in bone tissue  
engineering and dental repair.

The remarkable performance of the 3D‑DI 
composite aligns well with prior research showing  
that fibrin‑based scaffolds—especially when com- 
bined with osteoconductive bioceramics—enhance 
osteoblast adhesion, proliferation, and differen-
tiation, acting as both a provisional matrix and 
a delivery platform for bioactive molecules (16). 
Likewise, nanostructured collagen scaffolds with 
high porosity and inorganic components have 
been shown to mimic native bone architecture, 
facilitating cell migration, mineral deposition, 
and mechanical integration in-vivo (17). These 
outcomes—demonstrating hydroxyapatite-like 
mineral formation, robust structural stability, 
and favorable MG63 osteoblast responses—further 
substantiate the applicability of the 3D-DI as a  
biomimetic and efficient scaffold for bone regen-
eration.

This discussion highlights the promising po- 
tential of the 3D-DI synthesized using FBC, FN, and 
calcium carbonate. The physicochemical charac- 
terization confirmed the retention of critical 
functional groups, thermal stability, and a highly 
porous architecture that enhances cell adhesion, 
nutrient exchange, and osteoconductivity. The 
excellent mechanical properties, including tensile 
and compressive strength, make the implant suit-
able for load-bearing dental applications, mim-
icking the natural strength and flexibility of bone 
tissue. Bioactivity analysis demonstrated the for-
mation of hydroxyapatite-like deposits, indicating 
the implant’s capability to support mineralization, 
which is essential for bone regeneration. In-vitro 
studies using the MG63 osteoblast-like cell line 
confirmed enhanced cell adhesion, proliferation, 
and biocompatibility, underscoring the scaf-
fold’s suitability for bone tissue engineering. The 
combination of FBC and FN created a bioactive 
environment conducive to cellular interactions, 
while calcium carbonate promoted osteogenic  
responses. These results confirm 3D-DI as an 
eco-friendly, cost-effective, and biocompatible 
alternative to conventional implants, addressing 
critical clinical needs in bone repair and paving 
the way for sustainable regenerative dentistry 
solutions.
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CONCLUSIONS
The 3D-DI, made of FBC, FN, and calcium 

carbonate, shows great promise for bone tissue  
regeneration. The material’s bioactivity was 
demonstrated by mineral deposition in simulated 
bodily fluid, and its biocompatibility and ability to 
induce cell proliferation were established using 
MG63 cell cultures. Structural study with FTIR, 
HRSEM, and fluorescence microscopy revealed a 
highly porous, stable implant that promotes cell 
adhesion and proliferation. The implant’s heat 
stability enhances its usefulness for biomedical 
applications. Overall, the study demonstrates the 
implant’s potential for dental bone regeneration 
and regenerative medicine.
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 ABSTRACT

Endometriosis is a chronic, estrogen-dependent inflammatory condition 
marked by the ectopic implantation of endometrial-like tissue, most 
commonly involving the ovaries, peritoneum, and pelvic structures. This 
ectopic tissue responds to hormonal cycles, leading to symptoms such as  
pelvic pain, dysmenorrhea, dyspareunia, and infertility. A critical process 
in the pathophysiology of endometriosis is angiogenesis, which sustains  
lesion growth and survival. Angiopoietin-2 (Ang-2), encoded by the ANGPT2 
gene, is a key regulator of abnormal vascular remodeling in endometriosis, 
acting as a vascular destabilizer and enhancing angiogenic responses, parti- 
cularly in conjunction with vascular endothelial growth factor (VEGF).

This review synthesizes current evidence on the pathological role of Ang-2  
in endometriosis-associated angiogenesis and evaluates its potential as 
a molecular target for therapy. A comprehensive literature search was 
performed using PubMed, Scopus, Google Scholar, and Web of Science,  
covering articles published from 1997 to 2025.  Relevant studies were selected  
based on Ang-2’s involvement in angiogenesis, its expression patterns in 
endometriotic tissue, and the outcomes of therapeutic interventions.

The findings reveal that ANGPT2 expression is upregulated in endometriotic 
lesions and is modulated by hypoxia, estrogen, and inflammatory factors. 
Elevated levels of Ang-2 are associated with increased disease severity 
and vascular immaturity in lesions. Preclinical studies targeting Ang-2, 
either alone or in combination with VEGF inhibitors, have demonstrated 
reductions in lesion vascularization and growth, highlighting its therapeu-
tic promise.

In conclusion, Ang-2 serves as a critical mediator of pathological angio-
genesis in endometriosis and presents a promising target for novel anti- 
angiogenic therapies. Further translational research and clinical trials are 
warranted to explore its full therapeutic potential.

 KEYWORDS  angiogenesis, ectopic endometrial tissue, endometriosis,  
  therapeutic targets, vascular endothelial growth factor, vascular remodeling
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INTRODUCTION
Endometriosis is a chronic and debilitating 

disease characterized by the presence of endo-
metrial tissue, including glandular epithelium 
and stroma, outside the uterine cavity (1-3). The 
World Health Organization (WHO) highlights its  
profound impact on quality of life, causing pelvic 
pain, fatigue, depression, infertility, dysmenorrhea,  
and even malignant transformations. It affects 
approximately 6.0% of women, with another 5.4% 
suspected of having the condition (4–6).

In endometriosis, retrograde menstruation 
introduces menstrual blood into the peritoneal 
cavity, leading to oxidative stress and immune 
responses. These changes promote the release 
of inflammatory cytokines and pro-angiogenic 
factors that disrupt the peritoneal microenviron-
ment (7, 8). Angiogenesis, essential for endome-
trial growth and repair during the menstrual cycle,  
is similarly central to the pathophysiology of  
endometriosis (9, 10). It also plays a pivotal role in 
other gynecological disorders such as abnormal 
uterine bleeding and endometrial cancer (11–13).

Throughout the menstrual cycle, angiogenesis 
and vascular remodeling establish new vascula-
ture in the endometrium, facilitating cell proli- 
feration and differentiation (14). This process is 
tightly regulated by several angiogenic factors  
including vascular endothelial growth factor  
(VEGF), angiopoietin-1 (Ang-1), angiopoietin-2  
(Ang-2), C-X-C motif chemokine ligand 12 (CXCL12), 
and IL-6, whose expression is modulated by hy-
poxia and sex hormones (15). VEGF, a potent sign-
aling protein, promotes endothelial proliferation 
and neovascularization. In endometriosis, VEGF 
is upregulated in ectopic lesions, peritoneal fluid, 
and serum, supporting lesion establishment and 
progression via hypoxia, inflammation, and estro-
gen signaling.

Among the angiogenic mediators, Ang-2 has 
recently emerged as a key player in the angio-
genesis pathway (16). Ang-2 interacts with VEGF 
in a regulatory network that governs endometrial 
angiogenesis (17, 18). While Ang-1 stabilizes blood 
vessels by enhancing endothelial junctions, Ang-2  
competes for the same receptor to promote 
vascular remodeling and destabilization (19–23). 
Selectively expressed in the ovary, uterus, and 
placenta, Ang-2 facilitates VEGF-driven angio-
genesis by weakening cell–cell and cell–matrix 
adhesion (24–26).

Elevated ANGPT2 expression and enhanced 
angiogenic activity have been observed more fre-
quently in women with endometriosis compared 
to unaffected individuals (10, 27). ANGPT2 is thus 
considered a promising therapeutic target, with  
both in-vitro and in-vivo studies exploring its  
modulation via mRNA regulation and other strate-
gies (28, 29). In this manuscript, ANGPT1, ANGPT2, 
ANGPT3, and ANGPT4 are denoted as gene sym-
bols, while Ang-1 and Ang-2 refer to their protein 
forms to reflect functional roles in angiogenesis. 
Despite emerging insights, the precise molecular 
mechanisms of ANGPT2 remain to be fully eluci-
dated. This study investigates factors influencing 
ANGPT2 expression, its therapeutic potential in 
endometriosis, and the clinical value of targeting 
Ang-2 in anti-angiogenic therapy.

METHOD
A comprehensive literature review was con-

ducted to explore the role of ANGPT2 in the 
pathogenesis and therapeutic potential in endome-
triosis. Biomedical databases, including PubMed, 
Scopus, Web of Science, and Google Scholar, 
were searched using relevant keywords such as 
angiogenesis, ectopic endometrial tissue, endo-
metriosis, therapeutic targets, VEGF, and vascular 
remodeling. Boolean operators were applied to 
refine search results, and filters such as clinical  
trials, systematic reviews, publication within the 
last five years, and free full-text availability, were 
used to enhance relevance. From an initial yield of 
nearly 20,000 articles, screening based on titles,  
abstracts, and full-text review narrowed the  
selection to 74 key publications that offered sub-
stantial insights into ANGPT2’s involvement in 
vascular remodeling, inflammation, hormonal 
regulation, and angiogenic imbalance in endome-
triosis. Both preclinical and clinical studies were 
included to provide a comprehensive understanding  
of the molecular and translational aspects of 
ANGPT2 in disease progression and its potential 
as a therapeutic target.

Physiological angiogenesis in the endometrium
The human endometrium undergoes cyclic 

growth and regeneration in response to hypoxia  
and sex steroid interactions throughout the men-
strual cycle (12, 30). These dynamic changes are 
closely associated with angiogenesis, a tightly 
regulated process by which new blood vessels 
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form through sprouting, elongation, and intus-
susception by endothelial cells (11, 12). Angio-
genesis plays a fundamental role in endometrial  
remodeling necessary for reproduction, including 
follicular maturation, corpus luteum function, 
and uterine preparation for implantation.

Endometrial vascular development is finely 
controlled by the interaction of pro-angiogenic and  
anti-angiogenic factors, ensuring appropriate 
vessel formation and remodeling. Hypoxia and 
female sex hormones independently influence 
the expression of these factors, thereby main-
taining vascular homeostasis under both physio- 
logical and pathological conditions, including the 
progression of endometriosis (15, 31). Pro-angio-
genic signals stimulate endothelial activation and  
vessel sprouting, while anti-angiogenic molecules 
constrain excessive neovascularization, main-
taining vascular stability (15, 32).

Key pro-angiogenic mediators involved in this 
regulatory network include VEGF, angiopoietins, 
chemokine CXCL12, fibroblast growth factor-2 
(FGF-2), platelet-derived growth factor (PDGF), 
and matrix metalloproteinases (MMPs). These 
promote vascular growth and endothelial cell ac-
tivity. Conversely, anti-angiogenic molecules such 
as soluble VEGF receptor-1 (sVEGFR-1), endosta-
tin, maspin, and thrombospondin-1 (TSP-1) act as 
inhibitory controls. This intricate balance governs 
not only cyclic endometrial regeneration but also 
broader physiological processes like wound heal-
ing, and plays a role in pathological conditions 
such as cancer and endometriosis. Understand-
ing the modulation of these pathways offers po-
tential for targeted angiogenic therapies.

This coordinated regulation of angiogenic  
balance is illustrated in Figure 1, where pro-angio- 
genic molecules (e.g., VEGF, ANGPT, epidermal 
growth factor (EGF), PDGF), denoted by upward 
arrows, enhance endothelial activation and vessel 
formation, while anti-angiogenic factors (e.g., 
sVEGFR-1, endostatin, maspin, TSP-1), indicated 
by downward arrows, serve to inhibit the process. 
The figure underscores the dynamic interplay of 
these opposing factors in governing angiogenesis.

Role of ANGPT1 and ANGPT2 in endometrial 
vascular remodeling 

Angiopoietins play a crucial role in regulating 
blood vessel growth, maturation, and regression, 

working in close coordination with VEGF to mod-
ulate angiogenesis (23, 33, 17). The angiopoietin 
family includes ANGPT1, ANGPT2, ANGPT3, and 
ANGPT4, of which ANGPT1 and ANGPT2 are the 
most extensively studied (34, 35). While ANGPT1 
is widely expressed across various tissues, 
ANGPT2 expression is predominantly localized 
to the ovary, uterus, and placenta. In the human  
endometrium, their expression patterns vary with 
the menstrual cycle. During the secretory phase, 
Ang-1 is primarily localized around blood vessels 
in the stromal region, whereas Ang-2 is expressed 
in the glandular epithelium and endothelium (24, 
36).

Functionally, Ang-1 binds to the Tie-2 receptor  
to promote blood vessel stability, integrity, and 
quiescence. It also supports physiological angio- 
genesis during ovulation by maintaining endothelial  
cell survival and vessel maturation. In contrast, 
Ang-2 acts as a natural antagonist of Ang-1 by 
competitively binding to Tie-2 without activating 
it, thereby inhibiting Tie-2 signaling (37, 38). This 
results in vessel destabilization and extracellular 
matrix loosening—key preparatory steps for an-
giogenesis.

The action of Ang-2 is highly context-dependent. 
In the presence of VEGF, Ang-2 facilitates endo- 
thelial proliferation and sprouting, promoting 

Figure 1. An illustration of the complex network of 
pro-angiogenic and anti-angiogenic factors involved in 
angiogenesis, highlighting key molecular mediators such 
as VEGF, ANGPT, CXCL12, and TSP-1, and their regulatory 
roles in vascular development and remodeling. Orange up-
ward arrows indicate pro-angiogenic factors, while white 
downward arrows represent anti-angiogenic factors.
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neovascularization. However, in the absence of 
VEGF, Ang-2-induced destabilization leads instead 
to vessel regression due to impaired pericyte re-
cruitment and endothelial disassembly (23, 25, 
26). This dual functionality makes Ang-2 a pivotal 
modulator of vascular plasticity, capable of either 
promoting or inhibiting angiogenesis depending 
on the angiogenic milieu.

The dynamic balance between Ang-1 and Ang-2  
is essential for endometrial vascular remodeling, 
especially during cyclic regeneration and implan-
tation. An increased Ang-2/Ang-1 ratio is indica-
tive of vascular destabilization—a prerequisite for 
new vessel formation—and may serve as a marker of  
endothelial activation and remodeling capacity 
(39). This tightly regulated angiopoietin-Tie2 sig-
naling axis ensures proper vascular adaptation 
throughout the menstrual cycle and reproductive 
processes.

Molecular regulation of ANGPT2 expression
Hypoxia serves as a central regulator of endo- 

metrial angiogenesis during the premenstrual 
period. As oxygen levels decline during menstru-
ation, hypoxia-inducible factor-1α (HIF-1α) stabi-
lizes and activates key proangiogenic genes such 
as VEGF, ANGPT1, ANGPT2, Tie-2, PDGF, basic 
fibroblast growth factor (bFGF), and monocyte 
chemoattractant protein-1 (MCP-1), thereby ini- 
tiating vascular remodeling processes (40–42). 
Under hypoxic conditions, ANGPT1 expression 
markedly decreases, while ANGPT2 levels remain 
relatively stable, leading to an elevated ANGPT2/
ANGPT1 ratio. This imbalance, especially in the 
presence of VEGF, promotes endothelial destabi-
lization and subsequent neovascularization (43). 
Additionally, hypoxia induces the expression of 
other angiogenic mediators like CYR61 and leptin, 
and upregulates osteopontin and cysteine-rich 
protein 61 via the COX-2/prostaglandin pathway. 
Estrogen and prostaglandins also enhance HIF-1α 
stabilization, establishing a positive feedback loop 
that intensifies the hypoxia-driven angiogen-
ic cascade. This loop modulates both angiogenic 
and anti-angiogenic factors, thereby fine-tuning 
ANGPT2 activity and vascular dynamics in the en-
dometrium (44).

Importantly, the influence of hypoxia on angio- 
poietin expression extends to extra-endometrial 
sites. In the hypoxic peritoneal microenvironment 

characteristic of endometriosis HIF-1α suppresses 
the transcription factor chicken ovalbumin up-
stream promoter-transcription factor II, resulting 
in increased angiopoietin levels and enhanced 
vascularization of ectopic lesions (45).

Female steroid hormones, notably estrogen 
and progesterone, also exert critical control over 
ANGPT2 expression. Estrogen upregulates VEGF 
and downregulates ANGPT1, thereby increasing  
the ANGPT2/ANGPT1 ratio and fostering a pro- 
angiogenic environment favorable for endometrial  
vessel development (46). In contrast, progesterone  
displays a nuanced role. During the secretory 
phase, it supports vascular maturation. Proges-
tins reduce ANGPT2 while maintaining ANGPT1, 
effectively lowering the ANGPT2/ANGPT1 ratio 
and exerting anti-angiogenic effects (43). In early  
pregnancy, ANGPT2 expression in the uterine  
endometrium is modulated by progesterone, likely 
contributing to vascular remodeling via the Tie-2 
pathway. Supporting this, progesterone has been 
shown to upregulate ANGPT2 in human uterine 
microvascular endothelial cells (HUtMECs), un-
derlining its role in gestational angiogenesis (47).

In hypoxic, inflammatory conditions like endo- 
metriosis, elevated ANGPT2 levels activate the 
Ang-2/Tie2 signaling axis, which antagonizes 
ANGPT1-mediated vessel stabilization. This shift 
facilitates VEGF-A-driven endothelial prolifera-
tion and migration, promoting pathological an-
giogenesis (48). Pichiule et al. demonstrated that  
hypoxia enhances ANGPT2 expression in endothe-
lial cells through both transcriptional mechanisms 
and mRNA stabilization, resulting in increased  
intracellular and secreted Ang-2 protein levels.

Estrogen further promotes endometrial an-
giogenesis by stimulating endothelial cell pro-
liferation, migration, and vessel stabilization (49). 
However, in endometriosis, heightened estrogenic  
activity intensifies inflammation, pain, and in-
fertility by upregulating VEGF and suppressing 
ANGPT1, thus raising the ANGPT2/ANGPT1 ratio  
and driving aberrant vascular growth (46, 50).  
Although progesterone ordinarily regulates in-
flammation and decidualization, impaired signaling 
in endometriosis contributes to ectopic tissue 
implantation and disease progression (51). Typi-
cally, post-ovulatory progesterone surge limits 
endometrial proliferation (52), but in endome-
triosis, progesterone resistance exacerbates the 
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ANGPT2/ANGPT1 imbalance, further promoting 
pathological angiogenesis (43, 53).

ANGPT2 in endometriosis pathogenesis
In endometriosis, retrograde menstruation 

allows menstrual blood to enter the peritoneal 
cavity, triggering oxidative stress and immune 
responses. This disrupts peritoneal homeostasis 
and promotes the release of pro-angiogenic fac-
tors that drive neovascularization and the forma-
tion of microvascular networks (7, 8). Pathological  
angiogenesis, characterized by unregulated blood 
vessel growth, results from dysregulation in key 
signaling pathways Fsuch as VEGF, Notch, An-
giopoietin-Tie, and FGF (15). The eutopic endo-
metrium of affected individuals exhibits elevated  
angiogenic potential, with increased expression 
of Ang-1 and Ang-2 compared to non-endome-
triotic tissue. As angiogenesis is essential for the 
establishment and maintenance of endometriotic 
lesions, targeting Ang-2 has emerged as a prom-
ising therapeutic approach (27, 54, 29).

Neovascularization is central to endometriosis 
progression, with Ang-2 functioning as a critical 
modulator (55, 26). Overexpression of ANGPT2 
in both ectopic and eutopic endometrial tissues 
contributes to lesion development and is being 
explored as a potential biomarker for disease 
severity. In synergy with VEGF, Ang-2 enhances  
the production of MMPs, particularly MMP-1 
and MMP-9, which facilitate tissue invasion and 
remodeling. Moreover, Ang-2 promotes vessel 
sprouting by antagonizing the stabilizing effect of  
Ang-1 on the Tie2 receptor (55, 27), a mechanism 
further supported by studies demonstrating 
functional interplay between Ang-2 and VEGF (29). 
The Ang-2/Ang-1 ratio increases during early  
angiogenic phases and fluctuates with disease 
progression, reflecting dynamic vascular demands 
(56). Dysregulated ANGPT signaling has also been 
associated with reproductive complications, in-
cluding miscarriage (57).

Clinical studies have shown significantly ele-
vated levels of VEGF, Ang-1, Ang-2, MMP-1, and 
MMP-9 in the eutopic endometrium of endome-
triosis patients compared to controls, reinforcing 
their role in disease pathophysiology (58). Samp-
son’s seminal theory of retrograde menstruation, 
proposed in 1925, remains the most widely accepted  
explanation for endometriosis development 

(59–61). An endometrial environment enriched 
with angiogenic and proteolytic factors is more  
likely to give rise to ectopic implants upon migra-
tion into the peritoneal cavity (58). Notably, Hur 
et al. reported that during the secretory phase, 
the ANGPT2/ANGPT1 mRNA expression ratio was  
significantly elevated in eutopic endometrium  
from women with endometriosis relative to 
healthy controls. The predominance of Ang-2 over 
Ang-1 at the Tie2 receptor, in the presence of VEGF, 
may lead to persistent immature neovasculariza-
tion—a hallmark of endometriotic lesions (27).

Therapeutic targeting of ANGPT2 in endometri-
osis

Zhou et al. identified miR-205-5p as a pivotal 
regulatory molecule in endometriosis, demon-
strating its role in controlling ectopic endometrial  
stromal cell migration, invasion, and apoptosis by 
directly targeting ANGPT2 and modulating the 
Ang-2–AKT/ERK signaling pathway. Their find-
ings revealed an inverse relationship between 
miR-205-5p and ANGPT2 expression, with reduced 
miR-205-5p and elevated ANGPT2 levels corre-
lating with greater disease severity, thereby posi-
tioning the miR-205-5p–ANGPT2 axis as a prom-
ising and highly specific therapeutic target. Unlike 
broad-spectrum anti-angiogenic therapies that 
may compromise normal vascular integrity and 
lead to systemic adverse effects, ANGPT2-targeted  
interventions selectively disrupt pathological  
neovascularization within endometriotic lesions, 
preserving healthy vasculature. Additionally, 
miRNA-based or ANGPT2-specific approaches 
allow for localized delivery, reducing systemic 
exposure and enhancing treatment safety (28).

Similarly, Chen et al. demonstrated that ad-
ministration of the traditional Chinese medicine 
Hua Yu Xiao Zheng (HYXZ) decoction in a rat 
model of endometriosis significantly reduced  
lesion size and downregulated VEGF and ANGPT2 
expression. While VEGF inhibition remains a con-
ventional anti-angiogenic strategy, ANGPT2 tar-
geting offers a more refined approach by destabi-
lizing vasculature specific to ectopic endometrial 
tissue. This focused inhibition may improve disease 
control while minimizing vascular-related side 
effects, reinforcing ANGPT2’s dual role as a bio-
marker and therapeutic target (29).
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Endometriosis-associated angiogenesis pro-
vides a strong rationale for anti-angiogenic therapy 
as a targeted, non-hormonal treatment option. 
To this end, various angiogenic blockers have been 
evaluated, offering alternatives to hormone-based 
therapies (32). Table 1 summarizes various phar-
macological agents with anti-angiogenic effects 
on endometriosis.

Angiogenesis is central to ectopic lesion es-
tablishment and progression. Its dysregulation, 
particularly the overexpression of ANGPT1 and 
ANGPT2 in eutopic endometrial tissues, contrib-
utes significantly to the disease pathophysiology 
(27, 68). In the presence of VEGF, ANGPT2 pro-
motes MMP activation, facilitating tissue invasion 
(69). Its dominance over ANGPT1 via the Tie-2 
receptor further promotes immature and persis-
tent neovascularization (70, 71). Thus, inhibiting 
ANGPT2 may effectively curb aberrant angiogen-
esis, suppress lesion growth, and improve overall 
disease outcomes (28).

Unlike conventional anti-angiogenic treatments 
that broadly suppress vascular proliferation, 
ANGPT2-specific therapies offer greater preci-
sion by selectively targeting abnormal and im-
mature vessels within endometriotic lesions. This 
mechanism helps to minimize off-target effects 
and preserve normal vascular function. More-
over, these therapies are amenable to localized  
delivery methods, such as intra-peritoneal admin-
istration or direct lesion injection, further reduc-
ing systemic toxicity.

In contrast to hormone-based treatments often  
associated with undesirable effects including an-
drogenic symptoms (e.g., increased facial hair, 
deepened voice), weight gain, fluid retention, acne, 
mood instability, and heightened risk of throm-
boembolism, ANGPT2-targeted therapies offer a 
more favorable safety profile (72).

Clinically, ANGPT2 inhibition has demonstrated 
multiple benefits: more precise lesion suppres-
sion, reduced pelvic pain, fewer ectopic implants, 
lower microvascular density, enhanced apoptosis,  
decreased VEGF levels in peritoneal fluid, fibrosis 
of endometriotic lesions, resolution of refractory  
dysmenorrhea, and upregulation of hormone 
receptor expression in affected tissues (32, 63, 
73, 74). These outcomes underscore the poten-
tial of ANGPT2 as both a therapeutic target and  
as a prognostic indicator in the effective manage-
ment of endometriosis.

Safety considerations and limitation of ANGPT2- 
targeted therapies

Anti-angiogenic therapy may adversely impact 
normal physiological processes such as ovulation 
and wound healing. As a result, it may have adverse 
impacts on reproductive function and pose tera-
togenic risks when used to treat endometriosis in 
women of reproductive age (32). The therapeutic 
approach towards regulating Ang-2 for endome-
triosis requires further investigation to fully un-
derstand its benefits and potential consequences.  
More studies are needed to comprehensively 

Table 1. Summary of various pharmacological agents with anti-angiogenic effects on endometriosis, detailing their mech-
anisms of action such as VEGF inhibition, HIF-1α suppression, and MMP regulation, which contribute to the reduction of 
lesion size and vascularization

Drug
Anti-angiogenic effects  on  

endometriosis
Mode of action Reference

Angiostatin

Anti-VEGF antibody

2-Methoxyestradiol

Simvastatin

Celecoxib

Retinoic acid

Restricts the number of endometriotic 
lesions

Reduces VEGF levels in peritoneal fluid 
and micro vessel density

Suppresses HIF-1α and VEGF expression

Reduces micro vessel density

Reduces micro vessel density

Reduces the volume of endometriotic 
implants

Inhibits VEGF and bFGF signaling

Neutralizes active VEGF and blocks its 
receptor

Inhibits HIF-1α expression and its 
transcriptional activity

Downregulates VEGF synthesis and 
suppresses MMP secretion

Inhibits COX-2

Directly downregulates VEGF  
production

(62)

(63)

(64)

(65)

(66)

(67)

VEGF, vascular endothelial growth factor; bFGF, basic fibroblast growth factor, HIF-α, hypoxia-inducible factor alpha
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evaluate the effectiveness and safety of targeting 
Ang-2 in the management of endometriosis.

CONCLUSIONS
This study underscores the pivotal role of 

ANGPT2 in endometriosis, with a particular focus  
on the regulatory mechanisms governing its ex-
pression and its therapeutic potential. The findings 
suggest that targeting Ang-2 may help alleviate 
endometriosis symptoms and enhance clinical 
outcomes by modulating key angiogenic signal-
ing pathways.

However, several limitations must be considered. 
Much of the current evidence is derived from 
in-vitro or animal studies, which may not accu-
rately reflect human physiological conditions. 
Moreover, the precise molecular mechanisms by 
which Ang-2 contributes to angiogenesis remain 
incompletely understood. Its regulation by hor-
mones such as progesterone appears inconsistent, 
particularly in the context of progesterone resis- 
tance, a common feature in endometriosis.

While anti-angiogenic therapies targeting 
Ang-2 show therapeutic promise, they may also 
disrupt normal reproductive functions, including 
ovulation and wound healing, raising important 
safety concerns for women of reproductive age. 
Additionally, the lack of clinical trials validating 
Ang-2 as a therapeutic target highlights a critical 
gap, and it is likely that targeting Ang-2 alone may 
be insufficient due to the complex and redundant 
nature of angiogenic signaling networks in endo-
metriosis.

Despite these challenges, this study offers a 
novel perspective by integrating the upstream 
regulatory influences of hypoxia, estrogen, and 
inflammatory mediators on ANGPT2 expression 
within the endometriotic microenvironment. Un-
like earlier studies that mainly reported elevated 
Ang-2 levels, our review emphasizes the dynamic 
regulation of Ang-2 and positions it not only as a 
biomarker of disease severity, but also as a dual- 
action therapeutic target capable of disrupting 
both pathological neovascularization and chronic 
inflammation.

This dual role enhances the rationale for de-
veloping Ang-2–focused therapeutic interven-
tions as part of clinical management strategies 
for endometriosis. To fully realize this potential, 
further research is essential to validate these 

findings, clarify Ang-2’s molecular functions, 
and rigorously assess the efficacy and safety of 
targeted anti-angiogenic therapies. Continued 
investigation will not only support therapeutic 
development for endometriosis but may also in-
form strategies for other gynecological disorders 
marked by aberrant angiogenesis.
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 ABSTRACT

The melanocortin-4 receptor (MC4R) is a critical regulator of energy homeo- 
stasis, lipid metabolism, and cardiovascular risk factors. First cloned in 
1993, MC4R’s role in appetite regulation was confirmed through animal 
studies, and its genetic mutations were later identified as major contribu- 
tors to monogenic obesity. This review synthesizes current research on 
MC4R’s genetic variations and their implications for obesity, metabolic 
disorders, and cardiovascular health. A systematic literature review was 
conducted, adhering to PRISMA guidelines, with data extracted from  
PubMed, Scopus, Web of Science, and Google Scholar. Studies from 1992 
to 2025 focusing on MC4R mutations, their effects on obesity, type 2  
diabetes, dyslipidemia, and hypertension, as well as their contribution to 
cardiovascular risk were included. Recent insights highlight rare MC4R 
variants, such as p.Ser36Thr and p.Ala175Thr which are associated with 
severe obesity, and novel structural variants, e.g., p.Ser85Gly, which 
destabilize signaling pathways. Loss-of-function MC4R variants cause 
hyperphagia and early-onset obesity, whereas gain-of-function variants 
enhance satiety, providing protection against obesity. MC4R dysfunction 
also impacts glucose homeostasis and lipid metabolism, thereby increasing 
the risk of type 2 diabetes, dyslipidemia, and hypertension. Additionally, 
alterations in MC4R increase cardiovascular risk via pathways involving 
energy imbalance, sympathetic activation, and endothelial dysfunction. 
This review highlights the genetic underpinnings of MC4R in metabolic  
and cardiovascular diseases and underscores the need for developing  
targeted therapeutic strategies.

 KEYWORDS  melanocortin-4 receptor, metabolic disorders, cardiovas-
cular disorders, obesity, MC4R mutations
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INTRODUCTION
The melanocortin 4 receptor (MC4R) is a pro-

tein encoded by the MC4R gene in humans. It 
is a type of G-protein-coupled receptor (GPCR) 
that binds to α-melanocyte stimulating hormone 
(α-MSH). This receptor plays a crucial role in 

regulating energy homeostasis, feeding behavior,  
metabolism, and body weight (1). The MC4R was 
first cloned in 1993 using degenerate PCR, although 
its function was initially unclear. Subsequent  
research suggested its potential role in regulating 
energy homeostasis, a hypothesis that was con-
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firmed in 1997 by seminal studies in mice which 
demonstrated the receptor’s influence on appetite  
and energy balance. By 1998, human genetic 
studies identified mutations in the MC4R gene as 
a cause of monogenic obesity (2).

The MC4R gene, located on chromosome 
18q21.3, encodes a 332-amino acid protein that 
serves as a key regulator of energy homeostasis,  
appetite, food intake, and body weight at the  
hypothalamic level. As a prototypical GPCR and one  
of the five members of the melanocortin receptor  
family, MC4R plays a pivotal role in maintaining  
energy balance (3, 4). It is activated by melanocor- 
tin’s peptide hormones derived from the proteolytic  
cleavage of the proopiomelanocortin (POMC) 
protein (5). The receptor is widely expressed in 
the brain, including regions such as the cortex,  
thalamus, hypothalamus, brainstem, and spinal  
cord. In addition to its critical role in energy  
metabolism, MC4R influences blood pressure, 
heart rate, and erectile function (6). Dysregula- 
tion of MC4R signaling contributes to dyslipidemia,  
characterized by elevated triglycerides and low- 
density lipoprotein (LDL) cholesterol (7). It also 
exacerbates insulin resistance and promotes the 
release of adipokines, such as resistin, which are 
implicated in inflammation and endothelial dys-
function, thereby increasing cardiovascular risk 

(8). These diverse functions underscore MC4R’s 
importance as a target for treating metabolic and 
cardiovascular disorders.

This review will delve into the critical role of 
MC4R in metabolic and cardiovascular disorders,  
highlighting its genetic influence on energy  
balance, obesity, and related comorbidities. It 
will also explore the potential effect of targeting 
MC4R pathways for therapeutic interventions to 
mitigate these risks. By identifying populations 
with genetic variations in MC4R and developing 
precision-based treatment strategies, healthcare 
professionals and researchers can advance the 
development of improved metabolic and cardio-
vascular health outcomes globally.

METHODS
The stepwise approach depicted in Figure 1  

illustrates the rigorous assessment of full-text 
articles, ensuring the inclusion of studies directly 
addressing the MC4R-metabolic and cardiovas-
cular link.

MC4R: STRUCTURE AND FUNCTION
MC4R is a rhodopsin-like class A peptide GPCR 

and belongs to the melanocortin receptor family, 
which comprises five receptor subtypes (MC1R 
to MC5R) (9). MC4R encodes a protein called 

Figure 1. Methodology
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melanocortin 4 receptor, primarily expressed in 
the hypothalamus, where it regulates appetite 
and satiety. It functions as a GPCR that binds to 
α-MSH (10). Activation of MC4R by its natural  
agonists, α-MSH or β-MSH, induces appetite- 
suppressing effects (11).

MC4R primarily couples with the stimulatory 
G-protein transducer (Gs) to activate adenylyl 
cyclase (AC), resulting in the production of intra-
cellular cyclic adenosine monophosphate (cAMP) 
and subsequent activation of protein kinase A 
(PKA). In addition to Gs-mediated signaling, MC4R 
can engage other G-protein-dependent cytosolic 
transducers, including Gi and Gq/11 (12).  Further-
more, MC4R also interacts with G-protein-inde-
pendent transducers such as β-arrestin and the 
Kir7.1 ion channel (13).

The MC4R is a crucial component of the leptin-  
melanocortin molecular axis, which governs  
hunger, satiety, and energy balance. Brain-derived 
hormones, such as α-MSH and agouti-related 
peptide (AgRP), regulate this axis. When α-MSH, 
an agonist, binds to MC4R, it activates signaling 
pathways in the brain that promote satiety and 
reduce food intake. In contrast, AgRP, an inverse 
agonist, blocks this effect, thereby stimulating 
appetite (14). MC4R is essential for regulating food 
intake, energy homeostasis, and body weight (15). 
Mutations in the MC4R gene can significantly affect 
metabolic outcomes. Loss-of-function mutations 
in MC4R or deficiencies in POMC, the precursor 
of melanocortin receptor agonists, are linked to 
hyperphagia and severe early-onset obesity (16). 
Conversely, gain-of-function mutations enhance 
satiety, decrease food intake, and contribute to 
lower body weight (17).

MC4R SIGNALING PATHWAYS AND 
DOWNSTREAM EFFECTS.

MC4R, a GPCR, primarily signals through the 
stimulatory G-protein (Gs), leading to the activa- 
tion of AC and the subsequent intracellular pro-
duction of cAMP. The elevated cAMP levels  
activate PKA, which phosphorylates various target  
proteins to elicit diverse cellular responses (14). 
Functionally, MC4R is crucial for maintaining  
energy balance by regulating both food intake and 
energy expenditure, as its activation suppresses  
appetite and promotes energy utilization (2).  
Beyond its metabolic roles, MC4R activation also 

affects cardiovascular function by contributing to 
the regulation of blood pressure and heart rate (18).

Guo et al., highlighted that MC4R plays a criti- 
cal role in maintaining physiological balance across  
multiple systems. In energy homeostasis, MC4R 
regulates both food intake and energy expendi- 
ture, with its activation reducing appetite and pro-
moting energy utilization, making it essential for 
body weight management (19). In the cardiovas-
cular system, MC4R activation contributes to 
the regulation of blood pressure and heart rate, 
supporting cardiovascular stability (18). Its influ-
ence also extends to glucose and lipid metabolism, 
where MC4R signaling optimizes glucose utiliza-
tion and lipid storage, thereby reducing the risk 
of metabolic disorders (20). Zhao et al. empha-
sized MC4R’s role in the nervous system, includ-
ing regulation of pain perception, anxiety, stress 
responses, and sensory processing (21). This 
wide-ranging functionality underscores MC4R’s 
significance in maintaining systemic health and 
overall homeostasis.

ROLE OF MC4R IN THE CENTRAL NERVOUS 
SYSTEM AND PERIPHERAL TISSUES

MC4R is predominantly expressed in the hypo- 
thalamus, particularly in the paraventricular  
nucleus (PVN), the dorsal motor nucleus of the vagus 
(DMV), and the intermediolateral nucleus of the 
spinal cord (IML), where it plays a central role in  
regulating energy balance and feeding behavior. 
Additionally, MC4R participates in central nervous 
system (CNS) functions, including stress modula-
tion, neuropathic pain regulation, and cardiovas-
cular homeostasis (22). Beyond the CNS, MC4R 
expression extends to adipose tissue, influencing 
lipid metabolism and energy expenditure (23).  It 
is also present in intestinal L cells, where it con-
tributes to the secretion of incretin hormones 
that regulate glucose homeostasis (24). Further-
more, MC4R is expressed in peripheral nerves 
and muscles, supporting organ homeostasis and 
tissue regeneration (22).

RECENT FINDINGS ON MC4R VARIANTS
MC4R (melanocortin-4 receptor) variants are 

known to play a significant role in obesity and  
metabolic disorders. The identification and func-
tional characterization of rare and pathogenic 
MC4R variants across diverse populations provide 
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valuable insights into the genetic basis of severe 
obesity. In a Brazilian cohort, several rare missense  
mutations, including p.Ser36Thr, p.Val103Ile, 
p.Ala175Thr, and p.Ile251Leu2, were significantly 
associated with elevated body weight and BMI, 
highlighting the impact of these genetic altera- 
tions on obesity susceptibility (25). Further inves- 
tigations in Qatar uncovered two novel variants,  
c.253A>G (p.Ser85Gly) and c.802T>C (p.Tyr268His), 
in individuals with morbid obesity. Functional  
analyses revealed that these variants destabilized  
MC4R protein structure, impairing its signaling  
pathways and underscoring its critical role in  
energy regulation and weight control (26). In  
Singapore, studies on Asian children with severe  
early-onset obesity identified the variants c.127C>A 
(p.Gln43Lys) and c.272T>G (p.Met91Arg), both of 
which exhibited defective cAMP signaling, a key 
pathway in energy homeostasis. These mutations  
disrupt MC4R function, leading to disturbances  
in metabolism (27). Collectively, these studies 
highlight the global prevalence and functional 
importance of MC4R variants in the etiology of 
severe obesity, providing a foundation for targeted 
therapeutic strategies and precision medicine 
approaches. 

Table 1 presents recent studies conducted in 
different populations, identifying specific MC4R 
variants and their functional implications in obesity,  
emphasizing structural, signaling, and phenotypic 
associations.

MC4R AND METABOLIC DISORDERS
Obesity and weight regulation

Obesity affects over 30% of adults and children 
worldwide, representing a critical public health 

challenge. It results from an imbalance in energy  
homeostasis and is associated with various com- 
orbidities, including type 2 diabetes, cardiovas-
cular diseases, certain cancers, infertility, and 
psychological conditions such as depression (28). 
While an obesogenic environment and sedentary 
lifestyle are major contributors, genetic factors 
also play a significant role in regulating body 
weight (29).

Although most cases of obesity have a polygenic  
basis, a subset of individuals develop monogenic  
obesity, often caused by pathogenic variants in 
genes that influence the leptin-melanocortin 
pathway, an essential hypothalamic system for 
appetite regulation (30). Among these, mutations 
in the MC4R gene, a G-protein-coupled receptor, 
are the most common cause of monogenic obesity, 
significantly impairing energy balance and ap-
petite control (2). This highlights the interplay  
between genetic predisposition and environmen-
tal factors in obesity and underscores the need 
for precision-targeted therapeutic strategies.

Genetic insights into MC4R mutations
Mutations in the MC4R gene, typically inherited 

in an autosomal dominant manner, are the most 
frequent monogenic cause of obesity, with over 
200 variants identified (25). These mutations occur  
in 2-3% of tested populations and account for 
approximately 6% of obesity cases, establishing  
them as the leading cause of non-syndromic 
monogenic obesity (29).

Heterozygous loss-of-function mutations are  
the most prevalent, whereas homozygous or 
compound heterozygous mutations are less 
common (31, 32). Individuals with inactivating 

Table 1. Recent studies on MC4R variants and their findings

Study
Location/
population

MC4R Variants Identified Findings

Identification of a rare and potential 
Pathogenic MC4R variant in a Brazilian 
Patient with adulthood-onset severe 
obesity

Brazil p.Ser36Thr, p.Val103Ile, 
p.Ala175Thr, p.Ile251Leu

Variants associated with higher 
body weight and BMI (25)

Functional characterization of novel 
MC4R variants

Qatar c.253A>G p.Ser85Gly, 
c.802T>C p.Tyr268His

Variants destabilize MC4R 
structure and affect signalling 
pathways (26)

MC4R variants in Asian children with 
severe obesity

Singapore c.127C>A p.Gln43Lys, 
c.272T>G p.Met91Arg

Variants show defective cAMP 
signalling activity (27)
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mutations-of-function mutations often exhibit 
early-onset obesity, hyperphagia, hyperinsuline-
mia, increased linear growth, and elevated bone 
mineral density (33). Prevalence rates vary among 
ethnic groups, with lower frequencies (less than 
1%) observed in Asian populations and estimates 
of less than 2% in large Caucasian European and 
American cohorts (34).

Conversely, gain-of-function mutations in 
MC4R exert protective effects. These variants 
are associated with lower body mass index (BMI) 
and reduced risks of obesity, type 2 diabetes, and 
coronary artery disease. Their protective effects 
are attributed to variants favoring β-arrestin- 
biased signaling, which enhances mitogen-acti- 
vated protein kinase pathway activation. This 
unique signaling mechanism represents a prom-
ising therapeutic target for weight management 
and treatment of obesity-related cardiometabolic  
conditions (17).

While monogenic obesity arises from single- 
gene mutations such as those in MC4R, polygenic 
obesity results from the combined influence of 
multiple common genetic variants and is consid-
erably more prevalent (35). Understanding these 
distinct genetic contributions provides potential 
avenues for precision medicine approaches in 
obesity management.

 Table 2 summarizes the types of MC4R genetic  
mutations, their prevalence, and associated phe-
notypic consequences, distinguishing between 
loss-of-function, gain-of-function, and compound 
heterozygous variants with relevance to obesity 
and metabolic health.

Associated gene mutations
Mutations in the MC4R gene are the primary 

genetic cause of monogenic obesity, encompassing  
various mutation types, including missense, non-
sense, and frameshift mutations, which result in 
partial or complete loss of MC4R function (25). 
These alterations impair the receptor’s capacity 
to regulate energy balance, thereby contributing  
to severe obesity. Common variants near the MC4R 
gene, such as rs17782313 and rs17700633, have 
been extensively studied and are linked to in-
creased susceptibility to obesity and insulin re-
sistance, further highlighting the gene’s role in 
metabolic regulation (36). In addition to these 
common variants, rare MC4R mutations, including  
p.Ser36Thr, p.Val103Ile, p.Ala175Thr, and p.Ile-
251Leu, have been identified in individuals with 
severe obesity, underscoring the significant con-
tribution of rare genetic alterations to extreme 
phenotypes (25). Collectively, these findings  
emphasize the critical role of MC4R in energy  
homeostasis and its importance as a target for 
understanding and managing obesity.

Type 2 diabetes and insulin resistance
The MC4R plays a crucial role in regulating 

energy balance and insulin secretion. It is essen- 
tial for controlling appetite and maintaining  
metabolic homeostasis, and its dysfunction can 
result in various metabolic abnormalities (20). 
According to Morgan and colleagues, MC4R sig-
naling in the hypothalamus influences glucose 
homeostasis and insulin sensitivity (37). Research 
has demonstrated a link between MC4R dys-
function and an increased risk of type 2 diabetes.  

Table 2. Genetic variants in MC4R and their implications for obesity

Mutation type Prevalence Phenotypic effects References

Loss-of-function (LoF) 2–3% in tested populations; 
~6% of obesity cases

Early-onset obesity
- Hyperphagia
- Hyperinsulinemia
- Increased linear growth
- Elevated bone mineral density

 (29, 31, 32, 33)

Homozygous/compound 
heterozygous LoF

Rare More severe phenotypes than heterozygous 
mutations

(31)

Gain-of-function (GoF) Rare, protective - Lower body mass index
- Reduced risk of obesity
- Reduced risk of type 2 diabetes
- Reduced risk of coronary artery disease

(17)
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Insulin resistance, hyperglycemia, and other 
metabolic disturbances are frequently observed 
in individuals with MC4R alterations (38). A 2015 
study by Morgan et al. highlighted that MC4R sig-
naling in the lateral hypothalamus is critical for 
regulating glucose tolerance and sympathetic  
activity, both of which are essential for maintain-
ing metabolic health (37).

Dyslipidemia and hypertension
Dyslipidemia and hypertension are key cardio- 

vascular risk factors that often coexist. Dyslipi-
demia is characterized by abnormal blood lipid 
levels, including elevated total cholesterol, trigly- 
cerides, and LDL cholesterol, along with reduced 
high-density lipoprotein (HDL) cholesterol levels  
(39). Hypertension, commonly known as high 
blood pressure, damages blood capillaries and 
promotes atherosclerosis, significantly increasing 
the risk of heart disease and stroke (40). Recent 
studies have highlighted that MC4R signaling in 
the CNS plays a critical role in regulating energy 
balance, food intake, and fat storage. The MC4R 
exerts significant influence on lipid metabolism 
by coordinating both central and peripheral 
mechanisms. Through various signaling pathways, 
MC4R modulates lipid metabolism in white adi-
pose tissue (WAT) and brown adipose tissue. This 
dual regulatory function underscores its impor-
tance in maintaining energy homeostasis and 
preventing metabolic dysregulation (41).

MC4R and lipid metabolism
The MC4R plays an essential role in lipid meta- 

bolism by coordinating energy balance and fat 
distribution through both central and peripheral 
mechanisms (42). Within the CNS, MC4R is a key 
component of the hypothalamic leptin-melano-
cortin signaling pathway, which regulates appe-
tite and energy expenditure (43). By modulating 
sympathetic nervous system (SNS) activity, MC4R 
affects adipose tissue metabolism. Specifically, 
it promotes lipolysis in WAT via β-adrenergic 
receptor activation, facilitating fat breakdown. 
Concurrently, MC4R activation enhances ther-
mogenesis in brown adipose tissue, increasing 
energy expenditure by converting stored lipids 
into heat (41). Emerging studies also suggest that 
MC4R may directly interact with lipid-metabo- 
lizing enzymes, further emphasizing its role in 

maintaining lipid homeostasis. These functions 
highlight MC4R’s potential as a therapeutic target 
for obesity and related metabolic disorders (44).

Hypertensive effects of MC4R dysfunction in 
obesity

Dysfunction of the MC4R in obesity can exacer- 
bate the development of hypertension. Obesity 
is a major risk factor for hypertension, and dis-
ruptions in MC4R can further exacerbate this risk 
by affecting energy balance and metabolic regu-
lation (45). According to Metzger et al., impaired 
MC4R signaling is associated with elevated blood 
pressure and a higher likelihood of cardiovascular  
complications (42). 

Potential mechanisms linking MC4R to cardio-
vascular risk factors

MC4R is involved in several physiological pro-
cesses that contribute to cardiovascular risk fac-
tors. According to Kleinau and co-authors, MC4R 
plays a pivotal role in regulating energy homeo-
stasis, influencing both food intake and energy 
expenditure, which are essential for maintaining 
metabolic balance. Disruption of MC4R function, 
often through gene mutations, can lead to obesity, 
a condition that substantially increases the risk 
of cardiovascular diseases (46). Koochakpoor and 
colleagues highlighted that obesity associated 
with MC4R dysfunction is also closely linked to 
alterations in lipid metabolism, including dyslipi-
demia, a well-established risk factor for cardio- 
vascular conditions (44). Furthermore, MC4R dys-
function exacerbates the inflammatory response 
and endothelial dysfunction, both key contributors 
to the progression of cardiovascular diseases (47). 
According to da Silva et al., activation of the SNS 
due to MC4R disruption further amplifies these 
risks by increasing blood pressure and heart rate, 
thereby placing additional strain on the cardio-
vascular system (48). Collectively, these processes 
highlight the integral role of MC4R not only in met-
abolic regulation but also in the pathophysiology 
of obesity-related cardiovascular diseases.

MC4R AND CARDIOVASCULAR DISEASE
Genetic alterations in MC4R are strongly 

linked to obesity and metabolic syndrome, both of  
which are major contributors to cardiovascular 
disease (CVD) (2). Investigating the connection 
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between MC4R and CVD may facilitate the devel-
opment of targeted therapeutic strategies. MC4R 
is located in the hypothalamus, where it plays a 
pivotal role in controlling appetite and satiety. As 
a component of the melanocortin system, it helps 
monitor and respond to over-nutrition, thereby 
regulating metabolism to prevent obesity. When 
MC4R malfunctions, it can result in hyperphagia 
(excessive eating) and early-onset obesity, both 
of which elevate the risk of cardiovascular dis-
eases (49). Recent research has identified MC4R 
variants, such as rs17782313, as contributors to 
an increased risk of obesity and metabolic dys-
function. Carriers of these variants often exhibit 
higher BMI, increased waist circumference, and 
elevated blood glucose levels, all recognized risk 
factors for cardiovascular diseases (50). Cardio-
metabolic syndrome comprises a group of con-
ditions that increase the risk of heart disease, 
stroke, and diabetes. MC4R deficiency disrupts 
glucose homeostasis, thereby raising the like-
lihood of insulin resistance and type 2 diabetes, 
primarily because MC4R is essential for maintain-
ing energy balance and metabolic regulation (51).

Impact on insulin sensitivity
A 2024 study by Guo and co-authors explored 

the impact of hypothalamic MC4R knockout spe-
cifically in POMC neurons on insulin sensitivity.  
The findings revealed that MC4R deficiency im-
pairs insulin sensitivity by modulating Kir2.1 activity.  
Deletion of MC4R in POMC neurons resulted in 
increased food intake, reduced energy expendi- 
ture, and disrupted systemic glucose regulation  
(19). Mechanistically, the study by Cui et al. identi- 
fied a direct interaction between MC4R and Kir2.1, 
and that silencing Kir2.1 reversed the negative 
effects of MC4R ablation on energy expenditure 
and glucose homeostasis (52). Another study by 
Ni et al. examined the role of MC4R in pancreatic  
islets and its regulation of insulin secretion via 
the cAMP and β-arrestin-1 pathways (20). That 
research demonstrated that MC4R activation by 
the agonist NDP-α-MSH significantly increased 
the expression of prohormone convertase 1/3 
(PC1/3), a key factor in insulin secretion. Con-
versely, MC4R inhibition with the antagonist 
AgRP reduced PC1/3 expression. These results 
indicate that MC4R regulates PC1/3 expression 
through the cAMP and β-arrestin-1 pathways, 

thereby modulating insulin secretion (20).

MC4R in hypertension
Da Silva and fellow authors in 2019 highlighted  

the role of the brain MC4R in modulating SNS 
activity. Dysregulated MC4R signaling increases 
SNS activity, promoting hypertension, a major 
contributor to CVD. The study emphasized that 
MC4R activation is critical not only for obesity- 
induced hypertension but also for other forms 
of hypertension associated with heightened SNS 
activity (48).  Sull and co-authors investigated the 
association of MC4R variants with diabetes and 
CVD in Korean men and women. The study found 
that individuals with the TC/CC genotype of the 
MC4R rs17782313 SNP exhibited a higher risk of 
diabetes and cardiovascular disease, independent 
of obesity, suggesting a direct role of MC4R in 
cardiovascular regulation (7). Collectively, these 
studies underscore the importance of MC4R in 
blood pressure regulation and highlight its po-
tential as a therapeutic target for hypertension 
and cardiovascular disease.

MC4R and atherosclerosis                                                                                                           
Mutations in the MC4R gene, known to cause 

monogenic obesity, can trigger systemic inflam-
mation, a major contributor to endothelial dys-
function and the development of atherosclerosis 
(2). The MC4R pathway plays an essential role 
in managing energy balance, glucose levels, and 
lipid metabolism. Impaired MC4R signaling dis-
rupts these metabolic processes, leading to in-
creased inflammation and a heightened risk of 
atherosclerosis (53). Altered lipid metabolism 
caused by MC4R variants can significantly acce- 
lerate plaque formation. Research by Adamska-  
Patruno and co-authors indicates that these  
mutations are associated with reduced visceral 
fat accumulation but cause a relatively greater 
increase in postprandial carbohydrate utilization. 
This metabolic shift can elevate circulating lipid 
concentrations, promoting the development of 
atherosclerotic plaques and increasing the risk of 
coronary artery disease (54).

THERAPEUTIC IMPLICATIONS OF MC4R
Recent advancements have focused on de-

veloping both agonists and antagonists targeting 
MC4R to address metabolic disorders. Among 
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these, setmelanotide, an MC4R agonist, has 
demonstrated significant therapeutic potential 
for severe obesity associated with genetic de-
fects in the leptin-melanocortin pathway. Clinical 
studies have shown its effectiveness, with a phase 
3 trial reporting substantial weight loss and re-
duced hunger levels in individuals with POMC- or 
LEPR deficiency-related obesity. The treatment 
was generally well tolerated, with no new safety 
concerns identified (55).

In addition to obesity management, MC4R 
modulation may confer cardiovascular benefits. 
Research indicates that MC4R agonists can im-
prove metabolic profiles, potentially aiding in the 
prevention and management of cardiovascular 
diseases (1). However, translating these promising  
preclinical findings into clinical practice remains 
challenging.

Emerging technologies, such as CRISPR-Cas9, 
offer potential for correcting alterations in MC4R, 
paving the way for precision medicine (56). Fur-
thermore, combining MC4R agonists with other  
agents, such as GLP-1 receptor agonists, has shown 
synergistic effects, enhancing weight loss and 
improving metabolic outcomes (57). These develop- 
ments underscore the therapeutic potential of 
MC4R-targeted interventions in addressing obe-
sity and its related comorbidities.

CONCLUSIONS
In conclusion, the MC4R gene is a central regu- 

lator in the pathogenesis of metabolic and cardio- 
vascular disorders, particularly through its role in 
obesity. Mutations in the MC4R gene, which in-
clude missense, nonsense, and frameshift altera- 
tions, often impair receptor function, leading  
to severe obesity. Common variants, such as 
rs17782313 and rs17700633, are associated with a 
higher risk of obesity and insulin resistance, while 
rare mutations, including p.Ser36Thr, p.Val103Ile,  
and p.Ala175Thr, contribute to more extreme obe-
sity phenotypes. These genetic alterations dis-
rupt the receptor’s normal regulation of energy 
balance, emphasizing the critical role of MC4R in 
both weight management and metabolic health.

Moreover, alterations in MC4R influence car-
diovascular function in addition to contributing to 
obesity. As obesity is a well-established risk fac-
tor for CVDs, MC4R dysfunction can exacerbate 

conditions such as hypertension, dyslipidemia, 
and atherosclerosis, thereby increasing overall 
cardiovascular risk. The intersection of obesity 
and cardiovascular health associated with MC4R 
variants highlights the need to better understand 
its genetic and physiological mechanisms.

Future research on MC4R may facilitate the 
development of innovative therapeutic strategies, 
including targeted interventions to restore MC4R 
function or modulate its signaling pathways. Such 
approaches would be particularly beneficial for 
individuals with genetic predispositions to obesity 
and cardiovascular diseases, paving the way for 
more personalized treatments. Overall, MC4R 
remains a key genetic factor at the forefront of 
understanding the complex relationship between 
metabolic and cardiovascular disorders, high-
lighting its potential as a therapeutic target to 
address these interconnected health challenges.

Future perspectives
Therapeutic strategies targeting MC4R hold 

significant promise for addressing obesity-related  
cardiovascular risks. The development of selective  
MC4R agonists, gene therapy approaches to cor-
rect pathogenic variants, and combination ther-
apies with other metabolic regulators, such as 
GLP-1 receptor agonists, may enhance efficacy in 
weight reduction and cardiometabolic risk man-
agement. Moreover, advances in precision medi-
cine and CRISPR-Cas9 technologies could enable 
personalized interventions tailored to specific 
MC4R genotypes, allowing clinicians to optimize 
treatment for individuals at highest risk of meta- 
bolic and cardiovascular complications. Collec-
tively, these emerging approaches highlight a new 
era in translating genetic insights into effective 
therapies for obesity-associated cardiovascular 
disease.
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 ABSTRACT

OBJECTIVE  Bacterial infections can lead to a delay in the wound healing  
process. Recent studies have reported that trace amines accelerate 
wound healing by enhancing keratinocyte migration thus promoting a 
faster wound re-epithelization process. This study aimed to investigate 
the effects of phenethylamine on Staphylococcus aureus-infected wounds 
by using a mouse model.

METHODS  This study used mice as a model for in vivo skin wound experi- 
ments. S. aureus was applied on skin wounds on the backs of the mice. 
Phenethylamine in different concentrations was also applied either once 
daily or every two days. The wound diameter, abscess formation, and 
swollen area were observed every two days for 14 days.

RESULTS Different concentrations and frequencies of phenethylamine 
applications on the wound exhibited no significant wound healing accelera-
tion. Phenethylamine applications also did not show significant effects on 
abscess formation or swelling. 

CONCLUSIONS S. aureus infection may overwhelm the wound healing 
acceleration effects of phenethylamine resulting in no significant improve-
ment in healing.  
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INTRODUCTION
Bacterial infection in wounds complicates the 

treatment and significantly hinders the healing 
process. Infected wounds are often characterized  
by prolonged inflammation, tissue damage, and an 
impedimented re-epithelization process. These 
events can lead to the chronic wound formation 
(1). Staphylococcus aureus (S. aureus) is one of the 
major pathogens causing wound infections (2).  
S. aureus can colonize and invade the injured tis-
sues, trigger the intense inflammation responses, 
and recruit excessive neutrophils to the wound 
area (3). The persistence of inflammation and tissues  
degradation caused by S. aureus infection can 

substantially impede the healing process and  
increase the risk of abscess formation (3, 4).

Previous publications have reported that trace 
amines accelerate wound healing in mouse models  
(5). These compounds, produced by human skin 
commensals (6), act as partial antagonist of the 
β-adrenergic receptors, promoting keratinocytes 
migrations, fibroblasts proliferation, and ultimate-
ly accelerate wound closing (7). One of the trace 
amines, phenethylamine, has shown a potential 
to boost wound healing in uninfected wounds in a 
mouse model. This study aimed to investigate the 
effects of phenethylamine application on S. aureus- 
infected wounds. Using a mouse model, wee valuated  
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the effects of phenethylamine at various con-
centrations and frequencies of applications on 
wound closing, abscess formation, and swelling of 
the wound area to determine its therapeutic po-
tential in infected wounds.

METHODS
Bacterial preparation for inoculum in wounds

S. aureus USA300 LAC was inoculated into 
tryptic soy broth medium (TSB) and incubated at 
37ºC with 200 rpm agitation overnight. The next 
day, the bacterial cells were pelleted, washed, 
and resuspended in sterile 0.9% NaCl solution.

Wound experiments in mice
The wound experiments were performed  

according to a previous publication (5). DDY mice 
(male, 6-8 weeks, 25-35 gram) were used in this 
study with 4 mice in each of 10 experimental 
groups, a total of 40 mice.  Prior to the wounding, 
the mice were anesthetized with ketamine/xyla-
zine (10 : 1) with a dose of 0.04  mg/g mouse weight. 
The backs of the mice were shaved, and four cir-
cular full-thickness wounds (4 mm in diameter) 
were made on the back skin of each mouse using 
a skin biopsy punch. The S. aureus USA300 sus-
pension was then applied (10 μL) on the wound at 
3 x 108 CFU. Phenethylamine dissolved at sterile 
0.9% NaCl at various concentrations (6.25, 12.5, 
25, and 50 μg/mL) was applied topically (10 μL) 
on the wounds 2 hour after the bacterial infec-
tion. The control used in this experiment is the 
application of sterile 0.9% NaCl. Phenethylamine 
was applied to the wounds of all the mice either 
daily or every two days. The wound diameter, ab-
scess formation, and swollen area diameter were 
observed every 2 days for 14 days. 

Statistical analysis
The significance of the wound diameter data 

was analyzed using the Friedman test with Dunn’s 
multiple comparison test. The data on abscess 
formation and diameter of the swollen area were 
analyzed using repeated measures (RM) one-way 
ANOVA with Tukey’s multiple comparisons test. 
Statistical significance was defined as p < 0.05.

RESULTS 
The effects of phenethylamine topical applica- 

tion on S. aureus-infected wounds were recorded  
as the wound diameter, the presence of abscess 
formation and the diameter of the swollen area. 
The concentrations of phenethylamine were  
selected based on previous findings that daily  
application of 25 μg/mL significantly accelerated  
wound healing in a non-infected model (5). To 
explore the therapeutic window under infectious  
conditions, we included both lower and higher 
concentrations (6.25, 12.5, 25, and 50 μg/mL). 
In addition, two dosing schedules (daily appli-
cation and once every two days) were employed 
to evaluate whether treatment frequency modu- 
lates efficacy in S. aureus USA300-infected 
wounds. However, we observed no significant  
acceleration of wound closing in the experimental 
animals compared to controls. The application of 
a high concentration of phenethylamine (50 μg/
mL) both every day and every two days decelerated  
the wound closing significantly (Figure 1A-1B). 
Abscess formation was observed 2 days post 
wounding and S. aureus infection was observed 
on the wounds in both the experimental and the 
control groups, but with varied prevalence. In 
most cases, the abscess formation was no longer 
observed after the sixth day with the exception of 
some mice treated with phenethylamine at con-
centrations of 12.5, 25, and 50 μg/mL. Statistical 
analysis showed that treatment with phenethyl-
amine at various concentrations with different 
application frequencies had no significant effect 
on abscess formation (Figure 1C). Swelling sur-
rounding the wounds was only observed in the 
group with phenethylamine application every two 
days, and no statistically significant difference 
was observed between the different concentra-
tions of phenethylamine applied (Figure 1D).

 
DISCUSSION

We observations in this study differ from 
those in a previous publication (5), e.g., we did 
not observe a wound closing acceleration effect 
from the application of phenethylamine on the 
S. aureus-infected wound. This difference could 
be due to the fact that antagonistic activities of 
phenethylamine on β-adrenergic receptors in fi-
broblasts inhibit their proliferation and migration 
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causing a delay in wound healing (7). Moreover, 
the bacterial infection in wounds can delay healing  
by triggering a continuous influx of neutrophils to 
the wound (3, 7, 8). The excessive neutrophils in 
a wound can lead to further necrosis and extra-
cellular matrix degradation due to the proteases  
and free oxygen radicals released by neutrophils 
(9). The presence of excessive neutrophils in the 
wound leads to the formation of abscess (4), which 
were observed in all of the treatment groups in 
this study. The severity of infection induced by 
S. aureus USA300, a highly virulent and invasive 
strain, may have further masked any potential 
positive effects of phenethylamine. In a severe in-
fection context, bacterial load and prolonged in-
flammation are likely the dominant factors deter-
mining wound outcome (1, 10-12), overshadowing 
subtle host-modulatory effects of trace amines.

Swelling, however was observed only in the 
groups of mice in which the phenethylamine ap-
plication was done every two days, even in rather  
than daily, including the control group where 

only 0.9% NaCl was applied. This suggests that 
more frequent wound irrigation may help reduce 
swelling by mechanically removing excess proin-
flammatory cytokines and cellular debris from 
the wound area. The irrigation process limits 
the accumulation of proinflammatory mediators, 
thereby dampening the inflammatory response 
and accelerating the transition to the prolifera-
tive phase of wound healing. Thus, reducing local 
cytokine concentrations through more frequent 
irrigation may help prevent prolonged inflamma-
tion and accompanying swelling (13). The viru-
lence factors of S. aureus USA300 could possibly 
override the potential wound healing enhance-
ment effects of phenethylamine. Additionally,  
infection-associated inflammation may reduce 
the host responsiveness to trace amines.

This study has some limitations. Only one bac-
terial strain and one infection model were tested,  
and the duration of treatment was relatively short. 
It is possible that different dosing regimens, longer 
treatment courses and/or co-administration with 

Figure 1. Phenethylamine topical application on S. aureus-infected wounds did not show significant affects. Phenethyl-
amine was applied topically at various concentrations on wounds inoculated with S. aureus USA300 LAC. The application 
of phenethylamine did not show any significant enhancement in wound closing between daily application (A) and every 
two days application (B). Phenethylamine application also showed no significant effect on abscess formation on infected 
wounds (C) or on the swollen area surrounding the wound (D). The wound diameter data were analysed using the Fried-
man test, while the abscess formation and swollen area were analysed using repeated measures one-way ANOVA with 
Tukey’s multiple comparisons test. Figure legends represent the concentration of phenethylamine used in the experi-
ments and the number inside the brackets indicates the frequency of phenethylamine application: 1 means daily applica-
tion and 2 means application every two days. *p <  0.05; **p  < 0.01.



Phenethylamine showed no effect on infected wounds

Biomedical Sciences and Clinical Medicine 2026;65(1):140-144. 		  143

antibiotics could yield different outcomes. More-
over, while phenethylamine concentrations were 
selected based on previous studies in non-infected  
wounds, their efficacy may vary under infectious 
conditions where pharmacodynamics and host–
pathogen interactions are altered.

Future studies should investigate whether 
phenethylamine might exert synergistic effects 
when combined with standard antimicrobial 
therapy, whether its activity differs with other 
S. aureus strains or less virulent pathogens, and 
whether modified dosing strategies can improve 
therapeutic efficacy. These investigations will be 
important to clarifying the translational potential 
of phenethylamine in infected wound healing.

CONCLUSIONS
This study demonstrates that topical applica-

tion of phenethylamine at various concentrations  
does not significantly affect wound closure, ab-
scess formation, or swelling in S. aureus-infected 
wounds. The severity of infection and associated 
inflammatory response likely outweighed potential  
wound-healing effects, possibly compounded by 
antagonistic actions of phenethylamine on fibro- 
blast β-adrenergic receptors. While limited to a 
single strain and treatment regimen, these findings 
highlight the importance of evaluating candidate 
therapies under clinically relevant infectious con-
ditions, and future work should test phenethyl-
amine in combination with antimicrobial therapy  
under varied infection severities and with ex-
tended dosing strategies.
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