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The Impact of Diabetes Mellitus on Apical Periodontitis: Insights from Animal and 
Human Studies
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Abstract
Objective: This review examines the interrelation between diabetes mellitus (DM) and apical periodontitis (AP), explaining key 
biological mechanisms and summarizing the main findings from animal and human studies.
Methods and Results: A comprehensive literature search was conducted across PubMed, Scopus, and Web of Science, focusing 
on peer-reviewed studies published over the last two decades. Several studies have shown that hyperglycemia impairs VEGF-
regulated angiogenesis, reduces osteoblast activity, and maintains elevated levels of inflammatory cytokines such as TNF-α and 
IL-6, thereby increasing periradicular lesion size and delaying tissue healing. Diabetic animal models showed reduced bone 
density, increased vascular calcification, and accelerated progression from caries to pulp necrosis. Clinically, T2DM (type 2 
diabetes mellitus) was associated with higher AP prevalence, greater bacterial endotoxin load, and lower root-canal success rates. 
These effects were magnified by poor glycemic control.
Conclusion: Diabetes mellitus exacerbates AP through impaired angiogenesis, dysregulated immune response, and impaired bone 
metabolism. To reduce these risks, strategies such as strict blood glucose control, enhanced antimicrobial disinfection, minimally 
invasive interventions, and the use of bioactive materials are recommended. Future research should explore how controlling oral 
infections impacts systemic metabolic health. Investigating the role of bioactive materials and anti-inflammatory treatments in 
improving AP outcomes is also essential.(International Journal of Biomedicine. 2026;16(1):6-13.)
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endothelial growth factor A; VEGFR2, vascular endothelial growth factor receptor 2.   

Introduction
Diabetes mellitus (DM) is a long-term metabolic 

condition characterized by elevated blood glucose levels due 
to abnormalities in insulin function and/or production.1 This 
disease has multiple consequences, including retinopathy, 
nephropathy, neuropathy, angiopathy, and impaired wound 
healing.2,3 Studies also highlight the association between DM and 
periodontitis.4,5 Among the many oral complications associated 
with DM, apical periodontitis (AP), an inflammatory disorder 

of the periapical tissues typically resulting from untreated 
dental pulp infections,6,7 stands out due to its prevalence and 
impact on endodontic outcomes. 8,9 In Europe, AP affects about 
61% of the population, with prevalence increasing with age, 
while endodontic treatment rates are estimated at around 41%.10

The relationship between DM and AP is of particular 
concern because of the altered immune responses associated 
with diabetes, which may exacerbate the severity of AP 
and complicate its treatment.11 Clinical observations and 
epidemiological surveys increasingly suggest that patients with 
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DM experience a higher frequency of AP, larger osteolytic 
lesions, and slower periapical healing than subjects with normal 
blood glucose levels.12 Proposed biological links include 
dysregulated innate immunity, chronic hyperglycemia, and 
the accumulation of AGEs (advanced glycation end-products), 
each of which may disrupt vascular integrity, bone remodeling, 
and cytokine profiles in periapical tissues.12-15

To better understand the biological interplay between 
DM and AP, researchers have increasingly relied on both 
animal models and clinical studies. Rodent models, particularly 
diabetic rats, have proven invaluable due to their anatomical 
and physiological similarities to human dentition and their 
controlled experimental conditions.16 Experimental work 
by Uysal et al.17 and Takashima et al.18 in these models has 
suggested that hyperglycemia may impair angiogenesis, delay 
tissue repair, and alter inflammatory signaling in oral tissues. 
In addition, studies indicate that diabetes may influence 
mandibular and alveolar bone development, with reduced 
bone density that could, in turn, affect endodontic treatment 
outcomes.19-21 Some studies also suggest that DM may worsen 
AP by increasing inflammation around the root tip, enlarging 
lesion size, and slowing the healing process.22

Based on the available evidence, this narrative review 
comprehensively explores the interrelationship between DM 
and AP, synthesizing key findings from both animal and 
human studies. Despite growing interest in this field, the 
underlying mechanisms remain incompletely understood, 
and published data often vary in methodological quality.12 

This review examines the impact of diabetes on angiogenesis, 
bone remodeling, inflammatory responses, and endodontic 
treatment outcomes in the context of apical periodontitis. 
A better understanding of these relationships is crucial for 
developing more effective treatment strategies and improving 
endodontic care for patients with diabetes.

Materials and Methods
A structured narrative literature review was conducted 

to explore the relationship between DM and AP. The literature 
search was performed across three major databases: PubMed, 
Web of Science, and Scopus. A combination of Medical 
Subject Headings (MeSH) and free-text terms was used to 
build the search queries. Boolean operators structured the 
search logic. A representative PubMed query was: (“Diabetes 
Mellitus” [MeSH Terms]) AND (“Periapical Periodontitis” 
[MeSH Terms] OR “Apical Periodontitis” [All Fields]) AND 
(“Root Canal Therapy” [MeSH Terms]) AND (“Animal 
Experimentation” [MeSH Terms] OR “Humans” [MeSH 
Terms]) AND (English [Filter]). Additional keywords included 
“angiogenesis,” “bone remodeling,” “VEGF,” and “pulpal 
healing,” and filters were applied to prioritize peer-reviewed 
articles with full-text access. 

Studies were included if they were experimental or 
clinical investigations published in English between 2005 and 
2025, assessed the effects of type 1 diabetes mellitus (T1DM) 
or type 2 diabetes mellitus (T2DM) on pulpal or periapical 
tissues, evaluated angiogenesis, inflammatory markers, or 
bone turnover in the context of AP, and employed validated 

methodologies such as histological, immunohistochemical, 
radiographic, or molecular techniques. Both animal and human 
studies were eligible, provided they included appropriate 
control groups.

Exclusion criteria comprised studies lacking diabetic 
comparison groups or clinical diabetic parameters (e.g., 
HbA1c), research limited to periodontal disease without apical 
or pulpal analysis, non-mammalian models, and non-original 
publications such as reviews, abstracts, or editorials. Studies 
with small sample sizes (fewer than 10 animals or 20 human 
participants) and studies lacking control groups were also 
excluded.

The initial search identified 70 records (33 from PubMed, 
19 from Web of Science, and 18 from Scopus). After title and 
abstract screening, 41 full-text articles were assessed. After 
applying inclusion and exclusion criteria, 23 studies were 
selected for final synthesis, comprising 11 animal and 12 human 
studies. Thematic analysis was used to categorize the included 
studies into three domains: (1) vascular effects focusing on 
angiogenic markers and microvascular changes; (2) bone 
remodeling covering osteoblast and osteoclast activity and 
alveolar bone integrity; and (3) apical periodontitis progression 
addressing lesion development, inflammatory cytokine profiles, 
and healing outcomes following endodontic treatment.

Results
Vascular Changes and Angiogenic Dysregulation 
in Diabetic Dental Pulp
Animal Studies

Multiple studies have investigated how DM affects 
dental pulp regeneration, focusing on changes in angiogenesis 
and growth factor expression. In a study using Goto-Kakizaki 
(GK) rats as a model for T2DM, Martinho et al.23 observed 
significantly elevated fasting glycemia and triglyceride levels 
(P<0.001; P<0.05), along with larger apical periodontitis 
lesions compared to healthy controls (P<0.05). VEGF levels 
were also significantly lower in diabetic rats than in Wistar rats 
(P<0.05), and unlike the control group, the diabetic animals 
did not exhibit an increase in VEGF expression following the 
induction of apical periodontitis. 

In contrast, Uysal et al.17 observed elevated VEGF 
and CD68 expression in the pulp of streptozotocin-induced 
diabetic rats, alongside dilated blood vessels and increased 
hemorrhage. Ilić et al.24 demonstrated that direct pulp capping 
in diabetic rats produced a peak VEGF level of 19.3±0.9 pg/
mg on Day 1 (P<0.001), with a delayed increase in BMP-2 
by Day 7. Additionally, sustained hyperglycemia in SDT-fatty 
rats (Spontaneously Diabetic Torii) led to progressive pulpal 
calcification starting at week 6, as observed by Takashima et 
al.,18 with the authors attributing these changes to AGEs and 
vascular fragility.

Human and In Vitro Evidence

Human histological data mirror findings in animal 
models. In a comparative human study, VEGF and BMP-2 
levels were measured in dental pulp samples from 28 healthy 



8                                                 A. Kajtazi & L. Etemi / International Journal of Biomedicine 16(1) (2026) 6-13

and 28 T2DM patients using ELISA. Diabetic patients 
exhibited significantly higher concentrations of both growth 
factors in intact pulp tissue compared to healthy controls. 
Following indirect pulp capping, VEGF and BMP-2 levels 
decreased markedly in both groups. The Kruskal–Wallis test 
confirmed statistically significant differences in VEGF and 
BMP-2 levels among the study groups (P<0.001).25 Another 
study found that although VEGFA, a key proangiogenic factor, 
was actively transcribed and translated under hyperglycemic 
conditions, its primary receptor, VEGFR2, was absent in all 
diabetic samples. Additionally, dental pulp cell viability was 
significantly reduced at high glucose concentrations (25 mM) 
compared to controls (P=0.005).26

In a pilot study comparing clinically normal teeth from 
T2DM and non-diabetic patients, diabetic pulps showed 
reduced vascularity, increased calcification, and thickened 
vessel walls. Immunohistochemical markers of inflammation 
were significantly elevated in the diabetic group (e.g., CD68, 
P<0.001; IL-6, P<0.0001; TNF-α, P=0.01), while regulatory 
FOXP3 expression was significantly lower (P=0.01).27

Alveolar Bone Remodeling and Bone Loss
Animal Models

In a study by Yilmaz et al.,19 streptozotocin-induced 
diabetic rats exhibited significantly elevated blood glucose 
levels compared to controls (P<0.05). Histological analysis 
revealed vascular dilation and hemorrhage in the periodontal 
membrane, along with increased inflammatory cell infiltration. 
Osteonectin expression was positive in the periodontal 
ligament but absent in alveolar bone osteocytes. At the same 
time, osteopontin showed strong positivity in fibroblasts, 
collagen fibrils of the periodontal membrane, and the alveolar 
bone matrix.

Abbassy et al.20 reported significantly reduced mineral 
apposition and bone formation rates in Wistar rats with 
T1DM. Additionally, micro-CT analysis revealed a significant 
deterioration in bone quality, characterized by reduced 
trabecular bone volume and increased trabecular separation in 
the T1DM group. Statistical analysis showed a significantly 
higher number of osteoclasts in the control group than in the 
T1DM group (P<0.05).

Hendrijantini et al.21 investigated the effects of DM and 
osteoporosis on mandibular bone remodeling in Wistar rats 
over a 12-week period. The study included control, diabetic, 
and osteoporotic groups. Results showed that the diabetic 
group exhibited the lowest levels of Osterix expression, a key 
transcription factor in osteoblast differentiation. In addition, 
both the diabetic and osteoporotic groups demonstrated 
a significant reduction in the osteoblast/osteoclast ratio 
compared to controls.

Human Clinical and Radiographic Studies

In a retrospective study of 124 patients, Tabassum et al.28 
reported significantly greater mean alveolar bone loss in patients 
with T2DM than in non-diabetic individuals (3.07±1.14 mm vs. 
2.59±1.08 mm, P=0.018), and a higher prevalence of moderate-
to-severe periodontitis in the diabetic group. Exceptionally few 

case-control studies have examined the relationship between 
diabetes mellitus and the severity of mean alveolar bone loss. 
Kayal et al.29 observed greater alveolar bone loss in diabetic 
patients (3.59±1.37 mm) than in controls (2.66±1.05 mm, 
P=0.001). This pattern was consistent across both genders and 
age groups. Tooth loss was significantly more prevalent among 
individuals with diabetes, particularly those aged over 55 or 
with more than 10 missing teeth.

In contrast, Ay et al.30 found no statistically significant 
differences in mandibular BMD (bone mineral density) 
between patients with T2DM and healthy individuals. The 
study included 19 diabetic participants and 17 control subjects 
matched by age and sex. Panoramic radiographs calibrated 
with a DXA phantom were used for quantitative analysis, 
and BMD measurements were performed using Scion Image 
software on digitized images. The mean mandibular BMD 
values in diabetic women and men were 1.53±0.27 g/cm² and 
1.52±0.29 g/cm², respectively, compared to 1.56±0.28 g/cm² 
and 1.46±0.23 g/cm² in controls.

Development and Severity of Apical Periodontitis
Animal Studies

In streptozotocin-induced diabetic rats, significantly 
larger periradicular lesions were observed at both 21 and 
40 days following pulp exposure (P<0.05), accompanied 
by greater tissue destruction and inflammatory exudate 
compared to non-diabetic controls.22 Similarly, GK rats with 
T2DM developed more extensive bone resorption and larger 
periapical lesions, especially when maintained on a high-
sucrose diet.31

Prasetyo et al.32 showed that LPS (lipopolysaccharide)-
induced AP in diabetic rats led to elevated inflammatory 
markers. IL-6 expression increased significantly only by 
Day 42 (P<0.05), whereas TNF-α was elevated as early as 
Day 14 and remained sustained through Day 42. There were 
significant differences between the control and experimental 
groups (P<0.05).

Another model using WBN/KobSlc diabetic rats showed 
faster progression of caries to pulp necrosis and periapical 
inflammation than controls. Lesion severity strongly correlated 
with caries extent, and the inflammatory process extended 
into periapical tissues, resulting in pronounced alveolar bone 
resorption.33

Human Studies

Clinical research aligns with animal models, showing 
increased AP prevalence and severity in individuals with 
diabetes. In a retrospective study, Segura-Egea et al.34 reported 
that 81.3% of T2DM patients had at least one tooth with 
AP, compared with 58% in non-diabetic controls (P=0.040; 
OR=3.2). Additionally, 6.9% of all teeth examined in diabetic 
patients had AP, compared with 4% in controls (P=0.007), and 
the average number of teeth with AP was higher in diabetics 
(1.5±1.1) than in controls (0.9±1.1).

Subsequent cross-sectional studies reinforced this 
association. One study found that T2DM was significantly 
associated with AP (OR=2.05; 95% CI: 1.73–2.43), particularly 
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in patients with poor glycemic control (HbA1c>8.0; OR=2.46). 
Conversely, metformin and statin therapy were each 
independently associated with a lower AP prevalence.35

Using cone-beam CT, Barros et al. reported that 64.8% 
of diabetic participants had periapical index scores ≥4, 
compared with 17.7% of controls (P<0.05). Diabetic canals 
had higher bacterial and endotoxin levels, which correlated 
with larger lesion size (P<0.05).36

Radiographic surveillance in a separate study revealed 
that AP was significantly more prevalent in T2DM patients 
(74%) than in non-diabetic controls (42%) (P=0.002), and 
root-filled teeth were also more common among diabetics 
(70% vs. 50%, P=0.043). Multivariate logistic regression, 
adjusted for the number of teeth, confirmed that both 
periapical status (P=0.0071) and the number of root-filled 
teeth (P=0.0035) were significantly associated with diabetic 
status. Additionally, persistent AP in root-filled teeth was 
observed more frequently in diabetic patients (46%) than in 
controls (24%), although this difference was not statistically 
significant (P>0.05).37 In addition to prevalence data, outcome-
based studies further support this association. Martinho et al.23 
reported a significantly lower success rate following root canal 
treatment in diabetic patients compared to healthy control 
patients (P<0.001). 

The influence of glycemic control on apical periodontitis 
outcomes was clearly demonstrated in this analysis. Patients 
with poorly controlled diabetes showed a significantly higher 
prevalence of AP lesions (18.29%) compared to well-controlled 
diabetics (9.21%). Diabetic patients had more endodontically 
treated teeth (ET) than nondiabetic patients, with averages of 
4.18% versus 1.82%, respectively. Furthermore, the AP/ET ratio 
was higher in diabetics (27.7%) than in nondiabetics (19.3%).38 

Discussion 
Diabetes Mellitus and Pulpal Angiogenesis 

Ethical and practical limitations limit the ability to 
conduct in vivo studies of dental pulp repair processes in 
humans, necessitating the use of animal models that may not 
fully mimic human biological responses to diabetes and dental 
pulp injury. The animal studies consistently demonstrate 
that DM impairs angiogenic signaling and compromises 
dental pulp healing. In diabetic rat models, VEGF expression 
remains suppressed even after AP induction, suggesting 
a deficient angiogenic response that may contribute to 
delayed tissue repair.23 Conversely, other animal studies 
have reported increased expression of VEGF and CD68 in 
diabetic pulp tissue, accompanied by dilated blood vessels and 
hemorrhage, which may reflect dysregulated inflammatory 
angiogenesis rather than effective neovascularization.17 
Temporal disruptions in key regenerative markers have also 
been observed. In particular, VEGF levels have been shown to 
peak prematurely, whereas BMP-2 exhibits a delayed increase 
following pulp-capping procedures, indicating altered timing 
and dynamics of repair.24

This experimental evidence finds support in clinical 
observations. Human studies have revealed that, despite 
elevated VEGF and BMP-2 levels in intact diabetic pulp tissue, 

their reduction following indirect pulp capping may reflect a 
diminished reparative capacity in hyperglycemic conditions. 
The consistent pattern of change between the two growth 
factors across both diabetic and healthy samples suggests 
that they may act in a coordinated manner during pulp tissue 
response, regardless of baseline concentration differences.25 The 
absence of VEGFR2 expression in hyperglycemic conditions, 
despite VEGFA upregulation, further highlights a disrupted 
downstream angiogenic response, which could compromise 
vascular regeneration. This dissociation implies that even when 
angiogenic mediators are present, the downstream signaling 
or cellular responsiveness is compromised, likely due to 
hyperglycemia-induced receptor downregulation.26

Additionally, diabetic pulp tissues consistently exhibit 
heightened inflammation, vascular calcification, and reduced 
cellularity, all of which suggest compromised tissue homeostasis 
and impaired immune regulation. However, the supporting 
in vitro study included only 20 extracted molars, 10 from 
well-controlled T2DM patients and 10 from non-diabetics, 
limiting statistical power and generalizability.27 Supporting 
these findings, another study reported that DM appears to 
increase inflammation, degeneration, and mineralization in the 
pulp tissue while reducing cell proliferation, emphasizing the 
complex pathological alterations driven by hyperglycemia.39

These cumulative findings underscore the complex 
interplay among hyperglycemia, vascular dysfunction, and 
inflammation in undermining pulp vitality and regeneration 
in individuals with diabetes. Clinically, this disrupted healing 
response helps explain the increased risk of endodontic failure 
and slower recovery observed in diabetic patients. 

Alveolar Bone Remodeling and Bone Loss in 
Diabetes Mellitus

The collective evidence indicates that DM disrupts 
bone remodeling through impaired vascular integrity, altered 
inflammatory responses, and suppression of osteogenic signaling 
pathways. Findings suggest that chronic inflammation under 
hyperglycemic conditions delays osteoblast differentiation 
and inhibits normal bone formation.19 A rat model of diabetes 
showed a marked reduction in the osteoblast-to-osteoclast ratio 
and the lowest Osterix expression among all experimental 
groups, indicating impaired osteoblast maturation. Although 
the study’s interpretation is limited by the differing observation 
periods between the diabetes and osteoporosis models, the 
findings still reinforce the notion that diabetes compromises 
mandibular bone remodeling by downregulating osteogenic 
signaling pathways.21

Another study similarly reported that DM significantly 
impairs mandibular bone formation and alters bone 
microarchitecture, as evidenced by decreased mineral 
apposition and bone formation rates in diabetic rats compared 
to the control group. Additionally, the findings indicated fewer 
osteoclasts in the diabetic group, suggesting diminished bone 
resorption activity. This imbalance between bone formation 
and resorption may contribute to a state of osteopenia in the 
diabetic rats, highlighting the adverse effects of diabetes on 
craniofacial bone health.20 The research focused on a specific 
age range of rats (3 to 8 weeks old) to observe dynamic changes 
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in bone formation, which may limit the generalizability of the 
findings to other age groups or species, as bone formation 
and turnover rates can vary significantly with age and 
developmental stage. 

Clinical evidence suggests that T2DM is associated 
with more severe alveolar bone loss and a higher risk of 
periodontitis progression.40 Studies reinforce that diabetic 
individuals are more susceptible to periodontal destruction and 
tooth loss, likely due to chronic inflammatory and metabolic 
disturbances.28,29 Diabetes has an essential effect on enhancing 
osteoclastogenesis and on increasing osteoblast apoptosis. 
Interestingly, the impact of diabetes on bone loss and coupled 
bone formation is likely to involve its effects on both innate 
and adaptive immune responses.41,42

In contrast, Ay et al.30 found no statistically significant 
difference in BMD between diabetic and non-diabetic subjects. 
However, this finding may reflect the limited sensitivity 
of panoramic radiographs to detect early diabetes-induced 
changes, rather than a genuine absence of bone alterations. 
The small sample size and lack of microstructural analysis 
further limit the generalizability of these results. Advanced 
imaging, such as CBCT or DXA, may better capture early 
diabetic bone alterations.

These vascular and bone-related alterations driven by 
chronic hyperglycemia likely contribute to the progression of 
periodontal disease and compromise the regenerative capacity 
of alveolar bone in individuals with diabetes.

Experimental and Clinical Evidence Linking 
Diabetes Mellitus to Apical Periodontitis

Animal studies provide compelling evidence that 
DM exacerbates both the development and severity of AP 
through multiple pathological mechanisms. Investigations 
using streptozotocin-induced diabetic rats demonstrated 
significantly larger periradicular lesions and a reduced 
defensive capacity against microbial pathogens.22 In Goto-
Kakizaki rats, systemic hyperglycemia combined with a high-
sucrose diet further amplified bone resorption and lesion size, 
indicating a synergistic effect between metabolic imbalance 
and dietary factors.31 LPS-induced models show a delayed yet 
sustained rise in TNF-α and IL-6 under diabetic conditions, 
reflecting a defective inflammatory resolution.32 Experimental 
DM also accelerates progression from caries to pulp necrosis 
and AP, with lesion severity closely paralleling caries extent.33

Clinical studies support these experimental findings. A 
retrospective cohort study reported AP in 81.3% of individuals 
with T2DM, compared with 58% of normoglycemic controls, 
establishing DM as an epidemiological risk factor. The study’s 
exclusion of patients with seven or fewer remaining teeth aimed 
to reduce confounding by periodontal disease, but it may limit 
generalizability to the broader diabetic population.34

A large cross-sectional analysis showed that T2DM 
is independently associated with increased AP prevalence. 
Notably, poor glycemic control, as reflected by elevated HbA1c 
levels, was associated with an even greater risk, suggesting 
that metabolic instability exacerbates periapical disease. In 
contrast, the use of metformin and statins appeared to have a 
protective effect: both treatments were associated with a lower 

prevalence of AP, possibly due to their anti-inflammatory or 
glycemic-modulating effects. Because the study was cross-
sectional, it cannot establish a causal relationship between 
T2DM and AP and may be influenced by unspecified factors 
such as diet or genetics. Additionally, reliance on medical 
records and a single hospital network limits data accuracy and 
generalizability.35

Cone-beam CT and microbiological assessments 
have linked T2DM to higher bacterial and endotoxin loads, 
contributing to more severe periapical bone destruction and 
potentially affecting endodontic treatment outcomes.36 Long-
term radiographic surveillance has demonstrated that diabetic 
patients harbor more root-filled teeth and experience a greater 
likelihood of persistent periapical inflammation.37

The role of glycemic regulation was further underscored 
by evidence that poorly controlled diabetics show a higher 
prevalence of AP and a higher AP/ET ratio compared to 
well-controlled patients, highlighting the negative impact 
of uncontrolled diabetes on dental health. However, the 
cross-sectional design, small sample size, and reliance 
on radiographic diagnosis limit the ability to draw causal 
inferences and generalisability.38 Finally, outcome-based 
research has demonstrated significantly lower root canal 
success rates in diabetic patients compared to normoglycemic 
individuals, reinforcing diabetes as a negative prognostic 
factor.23 

Additionally, a cross-sectional study analyzing full-
mouth radiographs from a Brazilian population found that AP 
was significantly more prevalent in untreated teeth of T2DM 
patients (10%) than in those of nondiabetics (7%), supporting 
the hypothesis that diabetes may act as a disease modifier in 
the development of primary endodontic disease. However, no 
significant difference in AP prevalence was found between 
the two groups in root canal–treated teeth, suggesting that 
diabetes may not adversely affect post-treatment healing. 
These findings align with previous clinical research showing 
increased AP prevalence in diabetics but mixed evidence 
regarding endodontic treatment outcomes.43

Taken together, evidence from both experimental and 
clinical studies indicates that DM increases the prevalence, 
severity, and progression of AP. Prolonged inflammation 
(e.g., sustained TNF-α and IL-6), greater microbial burden, 
impaired immune responses, and reduced post-treatment 
healing capacity all contribute to this elevated risk. These 
findings underscore the need for strict glycemic control 
and individualized treatment planning in the endodontic 
management of diabetic patients. 

Management Strategies for Diabetic Patients 
Undergoing Endodontic Therapy

Endodontic management in diabetic patients requires 
a comprehensive approach that addresses both systemic 
and local factors. Given their heightened risk of delayed 
healing and infection, maintaining optimal glycemic control 
is essential to improve treatment outcomes.44 Research has 
shown that patients with well-controlled DM exhibit better 
healing responses and lower complication rates than those 
with poor control.45 Therefore, close collaboration with the 
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patient’s primary care physician or endocrinologist to stabilize 
glycemic status before and after endodontic treatment is 
critical.

Another key management strategy involves enhanced 
antimicrobial protocols to mitigate the increased risk of infection 
in diabetic patients. Because of their compromised immune 
response, higher concentrations of sodium hypochlorite and 
adjunctive agents such as chlorhexidine or calcium hydroxide 
may be recommended to improve canal disinfection.46 
Additionally, due to the delayed healing observed in diabetic 
tissues, minimally invasive approaches such as smaller 
access cavities and conservative root canal instrumentation 
can help preserve tooth structure and reduce post-operative 
complications.44

To improve endodontic outcomes in diabetic patients, 
adjunctive use of NSAIDs (nonsteroidal anti-inflammatory 
drugs) can help manage post-operative inflammation. 
Ibuprofen 600 mg, alone or combined with acetaminophen 
1000 mg, is effective for short-term pain relief, though optimal 
dosing strategies for prolonged pain control remain unclear.47 

Given the impaired healing dynamics in diabetes, using 
biomaterials with proven bioactivity and immunotolerance, 
such as MTA (mineral trioxide aggregate), may help mitigate 
the risks of delayed tissue repair and chronic inflammation. 
Thus, the selection of bioactive materials should be considered 
a key component of endodontic management in this patient 
population. MTA is suitable for diabetic patients, as preclinical 
studies show that it maintains biocompatibility and promotes 
mineralization regardless of diabetic status. In rats, Angelus 
MTA® induced similar mineralized tissue formation and 
mild inflammation in both diabetic and non-diabetic groups, 
supporting its use in regenerative endodontic procedures.48

Patient education is also essential. Informing diabetic 
patients about the importance of blood glucose control, 
adherence to medications, and compliance with post-treatment 
care can significantly enhance treatment outcomes.49

Limitations
While this review offers a comprehensive synthesis of 

current evidence, certain limitations should be acknowledged. 
First, as a narrative review, it does not follow the rigorous 
methodology of a systematic review or meta-analysis, which 
may introduce some selection bias despite predefined inclusion 
and exclusion criteria. Second, the body of evidence is highly 
heterogeneous: studies vary in animal models, diabetic 
subtypes, diagnostic protocols, and outcome measures, making 
direct comparisons difficult and weakening the generalizability 
of overarching conclusions. Translational challenges further 
complicate interpretation. Most animal studies employ 
streptozotocin-induced or genetic models (e.g., GK, SDT rats) 
that mimic T1DM or exaggerated metabolic states, whereas 
most clinical cases involve T2DM with variable glycemic 
control, obesity, and systemic inflammation. Additionally, key 
clinical variables, such as medication regimens and diabetes 
duration, are seldom reported or controlled in human studies, 
limiting causal inference. Finally, many animal and in-vitro 
investigations rely on small sample sizes, which reduces 

statistical power and makes it harder to apply the findings to 
human clinical scenarios.

Conclusion
This review highlights the complex interplay between 

diabetes mellitus and apical periodontitis, demonstrating 
that hyperglycemia impairs angiogenesis, suppresses bone 
remodeling, elevates pro-inflammatory cytokines, and delays 
periapical healing. Both animal and human studies confirm that 
diabetic patients are more prone to larger lesions, poorer healing 
outcomes, and lower root canal treatment success rates.

To reduce these risks, endodontic care for diabetic 
patients should prioritize strict glycemic control, enhanced 
antimicrobial disinfection, minimally invasive techniques, 
and the use of bioactive materials such as MTA. Adjunctive 
anti-inflammatory therapies (e.g., NSAIDs) may help reduce 
post-operative complications, especially in patients with pre-
existing inflammation. Diabetic individuals should be treated 
as a high-risk group, with individualized protocols and close 
coordination between dental and medical providers. 

Future research should explore how controlling oral 
infections impacts systemic metabolic health. Research into 
the role of bioactive materials and anti-inflammatory drugs 
in improving treatment outcomes for apical periodontitis is 
also essential. Strengthening our understanding of this oral-
systemic connection will help optimize care for individuals 
with diabetes.
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Abstract	
Antiphospholipid syndrome (APS) is an autoimmune disorder defined by thrombotic events or obstetrical morbidity in the presence 
of persistent antiphospholipid antibodies, such as lupus anticoagulant (LAC), anticardiolipin (aCL), and ß2-glycoprotein I (ß2-
GPI). The need for standardized classification criteria has been recognized as essential for diagnosis, patient stratification, research 
consistency, and comparison of clinical studies since their initial description. The classification criteria for APS have evolved 
over the years in response to advances in clinical practice and laboratory standardization. First, based on clinical observations, 
the preliminary Sapporo criteria highlighted an association among thrombosis, pregnancy morbidity, and antiphospholipid 
antibodies. The Sydney criteria, an international consensus statement, introduced structured clinical and laboratory criteria and 
incorporated persistence of antiphospholipid antibodies to improve specificity. The recent classification criteria of the American 
College of Rheumatology (ACR) and the European Alliance of Associations for Rheumatology (EULAR), published in 2023, 
introduced a weighted point system across clinical and laboratory domains, with the aim of achieving high specificity for research.
(International Journal of Biomedicine. 2026;16(1):14-16.)
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Introduction
Antiphospholipid syndrome (APS) is an autoimmune 

disorder defined by thrombotic events or obstetrical morbidity 
in the presence of persistent antiphospholipid antibodies.1 
Antiphospholipid syndrome was initially described in 
the early 1980s, based on recurrent associations between 
thrombosis, pregnancy losses, and the presence of lupus 
anticoagulant (LAC), especially in patients with systemic 
lupus erythematosus (SLE).2 This early conceptualization, 
even without formalized criteria, provided the fundamental 

recognition of APS as a clinical entity. Given the clinical and 
immunological heterogeneity of the syndrome, standardized 
classification criteria were necessary to ensure homogeneity 
within the research population and to facilitate comparisons 
across studies. Classification criteria for APS have undergone 
multiple revisions in response to clinical evidence and 
advances in laboratory diagnostics (Table 1).

Hughes Syndrome: Early Clinical Description

The earliest descriptions of APS, known as Hughes 
syndrome, were based on clinical observations linking 
thrombotic events and recurrent pregnancy loss with 
the presence of lupus anticoagulant. These were largely *Corresponding author: Ina Toska. E-mail: ina.toska@yahoo.com

mailto:ina.toska@yahoo.com
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descriptive, and APS was not defined by formal classification 
criteria.3

Sapporo Criteria

The need for standardized classification criteria for 
APS became more evident in 1990, with the increase in 
heterogeneous clinical studies reported, characterized by 
variable clinical manifestations and laboratory findings. 
The first international consensus classification criteria 
were established at the Eighth International Symposium on 
Antiphospholipid Antibodies in 1999 in Sapporo (Japan).

The Sapporo criteria required the coexistence of clinical 
manifestations and laboratory evidence of antiphospholipid 
antibodies to classify as APS. Clinical criteria included 
vascular thrombosis and pregnancy morbidity. Vascular 
thrombosis is represented by one or more confirmed episodes 
of arterial, venous, or small vessel thrombosis in any organ 
or tissue. Pregnancy morbidity included: one or more 
unexplained deaths of a morphologically normal fetus at or 
beyond the 10th week of gestation, one or more premature 
births of a morphologically normal neonate before the 34th 
week of gestation due to severe preeclampsia, eclampsia or 
placental insufficiency, three or more unexplained consecutive 
spontaneous abortions before the 10th week of gestation, 
excluding maternal anatomical or hormonal abnormalities and 
chromosomal causes.

Laboratory criteria comprise the detection of LAC and/
or anticardiolipin antibodies IgM/IgG in medium or high titer, 
on two or more occasions within six weeks.4

Sydney Criteria

Although the Sapporo criteria represented an important 
step in standardizing the definition of APS, their application in 
clinical studies revealed some limitations regarding laboratory 
characterization, heterogeneity of clinical manifestations, and 
antibody persistence. The Sapporo criteria did not include 
anti-β2GPI antibodies, lacked strict rules for repeat testing, 
and exhibited limited standardization of laboratory assays.5

The international consensus meeting, held in Sydney 
in 2006, revised the previously established criteria for the 
APS classification. For the first time, the Sydney criteria 
included anti-ß2GPI antibodies (IgG or IgM) as a laboratory 
criterion, based on evidence of their pathogenic and diagnostic 
relevance. Additionally, revised criteria expanded the interval 
for persistence of antiphospholipid antibody positivity from 
6 to 12 weeks.5 In this way, the cases with transient antibody 
positivity related to other conditions can be excluded. 
Regarding clinical criteria, the obstetric domain is more 
precisely defined with clearer distinctions for fetal loss, 
preterm birth, and recurrent pregnancy loss. Revised criteria 
improved the APS classification and homogeneity in research 
studies. This way, the revised Sapporo criteria became the 
gold standard for APS classification, widely used for years in 
clinical and practical research.6

ACR/EULAR 2023 Classification Criteria

The Sydney classification criteria also demonstrated 
limitations, particularly for research in heterogeneous 
populations. According to clinical experience, thrombotic 
events don’t carry the same diagnostic weight, and in the 
laboratory setting, LAC positivity carries a higher risk than 
other antiphospholipid antibodies. The ACR/EULAR initiated 
an effort to develop APS classification criteria with high 
specificity for use in observational studies and trials.7 For the 
first time, “entry criteria” were introduced, which had to be 
met for the patient to be classified as having APS.

The maximum interval between the occurrence of 
one clinical symptom and the detection of antiphospholipid 
antibodies was reduced to three years. Clinical manifestations 
are organized in domains including venous thromboembolism, 
arterial thrombosis, microvascular thrombosis, obstetric 
morbidity, cardiac valve disease, and hematology. Each has a 
specific score reflecting its association with APS. Laboratory 
criteria were also structured as a weighted scoring system 
and included LAC, anti-cardiolipin IgM/IgG titers (medium 
or high), and anti-ß2GPI IgG/IgM titers (medium or high). 
To be classified as APS, it is required to accumulate at least 
three points from the clinical domain and at least three points 
from the laboratory domain.8,9 The new ACR/EULAR 2023 
classification can improve specificity and provide a robust 
framework for APS research and clinical trials; however, new 
criteria may exclude patients with non-criteria manifestations. 
As understanding of APS evolves, the validity of the latest 
criteria and their revisions are likely to follow.

Discussion and Recommendations
For more than four decades, all knowledge of APS has 

been reflected in the evolution of classification criteria. From 
the earliest to the latest criteria, each iteration has sought 
to address the limitations of its predecessors as scientific 
evidence has evolved. Early descriptive observations 
prioritized sensitivity, enabling recognition of a broad 
clinical phenotype, whereas subsequent criteria increased 
specificity and reproducibility, particularly for research. 

 Table 1.
 Evolution of APS classification criteria

1983 1999 2006 2023

Hughes Syndrome Sapporo Criteria Syndey Criteria ACR/EULAR

Clinical
observation

First 
Consensus

Revised 
Criteria

Score-point 
system

Thrombosis,
Pregnancy loss

Clinical + 
Laboratory Criteria

Added 
Anti-ß2GPI

Research
purposes

LAC LAC, 
aCL IgG/IgM

Persistent 
positivity
within 12 weeks

High 
specificity

Persistent positivity
within 6 weeks
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The Sapporo criteria defined APS by combining clinical 
and laboratory evidence. They improved standardization 
and facilitated epidemiological research. Nevertheless, 
they had limitations, including the absence of anti-β2GPI 
antibodies, insufficient specificity, and insufficient emphasis 
on antibody persistence, which led to the Sapporo-revised 
criteria (Sydney). They improved standardization and were 
the gold standard for clinical and research applications. 
Even the Sydney criteria showed limitations: their binary 
structure, inability to account for antibody profiles, and 
differential risk contributed to heterogeneity in study 
populations and limited interpretation of clinical outcomes. 
The new ACR/EULAR 2023 classification introduced a 
weighted, point-based system that emphasized specificity, 
antibody profiling, and pathogenic relevance. New criteria, 
by prioritizing specificity and homogeneity, are optimized 
for research. As noted above, they may exclude patients 
with non-criteria clinical manifestations, underscoring the 
importance of ongoing clinical judgment in practice. From 
a research perspective, a weighted point-based classification 
system improves homogeneity across studies, whereas 
stratification by antibody profiles enables precise risk 
assessment. Elimination of non-criteria patients highlights 
the limitations of current classification, underscoring the 
need for research to integrate non-criteria manifestations into 
clinical frameworks to bridge the gap between classification 
and clinical complexity.
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Abstract
Background: The gamma-glutamyl transferase to high-density lipoprotein cholesterol  (GGT/HDL-C) ratio has been reported to 
be associated with various metabolic diseases, but its relationship with cognitive dysfunction remains limited. This study aimed to 
investigate the relationship between the GGT/HDL-C ratio and cognitive dysfunction in older adults.
Methods and Results: This cross-sectional study included 2,769 participants and used data from the National Health and Nutrition 
Examination Survey (NHANES) database (2011~2014). Natural logarithmic (ln) transformation was performed on GGT/HDL-C 
before analysis. After adjusting for various covariates, logistic regression models showed that the association between ln(GGT/
HDL-C) and cognitive dysfunction assessed by total-CF and AFT remained significant [OR (95% CI): 1.374 (1.126~1.676), 1.220 
(1.030~1.444)], whereas no significant correlation was found with CERAD W-L or DSST (P>0.05). Then, restricted cubic spline 
(RCS) regression and threshold effect analyses were conducted, and we observed nonlinear associations between ln(GGT/HDL-C) 
and cognitive dysfunction measured by total-CF, CERAD W-L and DSST (all Pnonlinear<0.05). Subgroup analyses were performed 
based on multiple variables, including age, gender, BMI, race, education level, DM, sleep problems, hypertension, drinking, and 
smoking status. The results suggested that the association between ln(GGT/HDL-C) and cognitive dysfunction was comparable 
across most subgroups.
Conclusion: Our study suggested that higher levels of ln(GGT/HDL-C) might be associated with an increased risk of cognitive 
dysfunction in older adults.(International Journal of Biomedicine. 2026;16(1):17-25.)
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Introduction
Cognitive dysfunction, particularly dementia, has 

become a major global public health concern due to increased 
life expectancy and population aging. Worldwide, nearly 
57.4 million people are living with dementia. Alzheimer’s 
Disease International (ADI) predicts that this number will 
increase to 152.8 million in 2050.1 This increase may occur 
unless interventions are taken to prevent the occurrence and 
progression of Alzheimer’s disease (AD) or other dementia-
related disorders.2 Despite extensive research efforts over 
recent decades, effective clinical treatments for dementia 
remain scarce. Hence, identifying modifiable factors that 
may lead to cognitive dysfunction is crucial for developing 
effective preventive strategies.

The pathogenesis of cognitive dysfunction is not 
fully understood. However, multiple investigations have 
demonstrated that oxidative stress and inflammation are 
crucial factors leading to cognitive dysfunction.3,4 Glutathione 
is an important antioxidant in cells, and gamma-glutamyl 
transferase (GGT) is essential for glutathione metabolism. 
Serum GGT mainly originates from the liver and has been 
used clinically as an indicator of potential liver or biliary 
tract diseases.5,6 Numerous studies have investigated the 
relationship between GGT levels and dementia. GGT levels, 
along with GGT variability, have been shown to be positively 
correlated with cognitive impairment.7-9 Furthermore, elevated 
serum GGT levels are significantly linked to reduced total 
brain and gray matter volumes, as well as diminished 
cerebral blood flow and perfusion.10 High-density lipoprotein 
cholesterol (HDL-C) is considered a beneficial lipoprotein 
due to its various protective roles, such as promoting 
atheroprotection, supporting endothelial health, regulating 
the immune system, inhibiting oxidative stress, reducing 
inflammation, and providing antithrombotic effects.11 These 
functions are essential for preventing cognitive decline. 
Although the relationship between HDL-C and cognitive 
dysfunction is inconsistent, various studies have suggested 
that increased HDL-C levels are correlated with a decreased 
risk of dementia.12-14  

Recent studies have highlighted the GGT/HDL-C ratio 
as a promising new biomarker. Evidence has indicated its 
utility in predicting nonalcoholic fatty liver disease (NAFLD), 
liver fibrosis, cardiovascular disease and diabetes mellitus.15-17 
Nonetheless, exploration of its correlation with cognitive 
function remains limited. Consequently, we employed the 
NHANES database to retrospectively examine the relationship 
between the GGT/HDL-C ratio and the risk of cognitive 
dysfunction.

Materials and Methods
Study Design and Participants

This cross-sectional study uses data from the NHANES 
database (https://www.cdc.gov/nchs/nhanes). It consists of 
five main parts: demographic data, dietary data, examination 
data, laboratory data, and questionnaire data, all updated 
every two years. Our analysis focused on the 2011-2012 and 

2013-2014 surveys, as both cycles evaluated GGT, HDL-C 
and cognitive function. Approval of the NHANES procedures 
and protocols was granted by the NCHS Research Ethics 
Review Committee, and informed consent was secured from 
all participants.

In this study, we investigated 3,472 subjects from the 
NHANES 2011-2014 dataset. After excluding individuals 
with incomplete cognitive function data, missing GGT or 
HDL-C data, 2,769 participants were ultimately included. The 
screening process is illustrated in Figure 1.

GGT and HDL-C Measurement
The activity of GGT was measured via an enzymatic rate 

method with a Beckman Coulter UniCel DxC800 instrument. 
HDL-C levels were determined via polyethylene glycol-
coupled cholesteryl esterase with a Roche modular P or Roche 
Cobas 6000 chemistry analyzer. Additional methodological 
details of the measurement can be found in the NHANES 
database.
Identification of Cognitive Dysfunction

This study assessed cognitive dysfunction through three 
tests: the Consortium to Establish a Registry for Alzheimer’s 
Disease Word Learning subtest (CERAD W-L), the Animal 
Fluency Test (AFT), and the Digit Symbol Substitution 
Test (DSST). The CERAD W-L specifically measures both 
immediate and delayed learning capabilities concerning 
new verbal information. This assessment comprises three 
immediate recall tests (IRTs) and a delayed recall test (DRT). 
The IRT scores were processed as follows: for participants who 
completed two or three trials, the IRT score was determined by 
averaging the two highest scores, and for those who took only 
one test, that score was the IRT score. The sum of the IRT 
and DRT score was CERAD W-L score. The AFT evaluates 
verbal fluency, an aspect of executive function, while also 
assessing semantic memory and processing speed. The DSST, 
a subset of the Wechsler Adult Intelligence Scale Ⅲ, assesses 

Figure 1. Flow chart of the participants’ selection from 
the National Health and Nutrition Examination Survey 
(NHANES) 2011-2014.

https://www.cdc.gov/nchs/nhanes)
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processing speed, sustained attention, and working memory. 
The total cognitive function (total-CF) score is the aggregate 
of the CERAD W-L, AFT and DSST scores. As previously 
reported, the participants were divided into three age groups 
(60~69, 70~79, and ≥80 years). For each group, the lowest 
quartile of the cognitive function score (Supplementary Table 
1) was set as the threshold for defining cognitive dysfunction.18 

Participants who scored below the cutoff values were classified 
as having cognitive dysfunction, whereas those who scored 
above the cutoff values were categorized as having normal 
cognitive performance.
Covariates

This analysis included a series of covariates. The 
demographic data included age, gender, BMI, race (divided 
into Mexican American, other Hispanic, non-Hispanic White, 
non-Hispanic Black, and other races), education level (below 
high school, high school and higher than high school), smoking 
status and drinking status. Medical conditions included 
hypertension, diabetes mellitus (DM) and sleep problems. The 
examination results included alanine aminotransferase (ALT), 
aspartate aminotransferase (AST), lactate dehydrogenase 
(LDH), triglyceride (TG) and total cholesterol (TC) levels. 
Smoking status was divided into two groups (yes or not) 
on the basis of self-reports to the question “Smoked at least 
100 cigarettes in life.” Participants were defined as alcohol 
drinkers if they had ever had at least 12 alcohol drinks lifetime. 
A history of hypertension and sleep problems was defined as 
self-reported or physician diagnosis. Diabetes mellitus was 
defined by any of the following criteria: a medical diagnosis of 
diabetes, HbA1c(%) ≥6.5, fasting glucose level ≥7.0 mmol/L, 
or 2h OGTT blood glucose ≥11.1 mmol/L.
Statistical analysis

Data processing and analysis were performed using 
SPSS software (version 21.0), R (version 4.3.3), and Zstats 1.0 
(www.zstats.net). Normally distributed data were reported as 
mean ± standard deviation (SD), and the differences between 
groups were evaluated by One-Way ANOVA. Nonnormally 
distributed variables were presented as median (M) and 
interquartile range (IQR), and the Kruskal-Wallis test was 
used to detect the differences among groups. Categorical 
variables were expressed as case numbers (n) and frequencies 
(percentages), and χ2-test was used for inter-group comparison. 
Because the GGT/HDL-C ratio was significantly skewed, a 
natural logarithm transformation (ln) was performed before 
analysis. P<0.05 was considered statistically significant.

Logistic regression models were used to calculate the 
odds ratios (ORs) and 95% confidence intervals (95% CIs) 
for the association between ln(GGT/HDL-C) and cognitive 
dysfunction. Model 1 was unadjusted. Model 2 was adjusted 
for age, gender, BMI, race, education level, DM, hypertension, 
sleep problems, ALT, AST, LDH, TG, TC, smoking and 
drinking status. Subsequently, ln(GGT/HDL-C) was processed 
from a continuous variable to a four-categorical variable to 
test for trends.

Furthermore, we employed restricted cubic spline 
(RCS) regression models to investigate the potential nonlinear 
relationship between ln(GGT/HDL-C) and cognitive 
dysfunction. P for nonlinearity <0.05 indicates a nonlinear 

relationship. Threshold effect analyses were performed to 
calculate the turning points within Model 2. Subgroup analyses 
and interaction tests were conducted to identify other relevant 
risk factors that may influence the association between ln(GGT/
HDL-C) and cognitive dysfunction.

Results
ln(GGT/HDL-C) was divided into quartiles: Q1 (≤2.29), 

Q2 (2.29~2.69), Q3 (2.69~3.15), and Q4 (≥3.15) (Table 1). 
The analysis revealed that participants with higher ln(GGT/
HDL-C) levels had lower scores in CERAD W-L, AFT, DSST, 
and total-CF. They also displayed higher body mass index 
(BMI), fasting glucose, HbA1c, ALT, AST, TG levels, history 
of DM, hypertension, sleep problems and smoking status. The 
four groups also differed in race, education level, gender and 
TC, and showed no significant difference in drinking status.

Table 2 illustrates the associations between ln(GGT/
HDL-C) and cognitive dysfunction. Model 1 revealed 
significant correlations between ln(GGT/HDL-C) and 
cognitive dysfunction assessed by the CERAD W-L, AFT, 
DSST and total-CF (P<0.05). Specifically, the data indicated 
that for each unit increment in ln(GGT/HDL-C), the risk of 
cognitive dysfunction evaluated by the CERAD W-L, AFT, 
DSST or total-CF was increased 28.6%, 21.4%, 36.5% or 
39.7% respectively [OR (95% CI): 1.286 (1.139~1.451), 
1.214 (1.078~1.366), 1.365 (1.210~1.541) and 1.397 
(1.236~1.578)]. After adjusting for various covariates, the 
associations between ln(GGT/HDL-C) and total-CF, as 
well as AFT, remained significant [OR (95% CI): 1.374 
(1.126~1.676), 1.220 (1.030~1.444)], while no significant 
associations were found with CERAD W-L or DSST 
(P>0.05).

Furthermore, the ORs for cognitive dysfunction were 
computed for each ln(GGT/HDL-C) quartile using Q1 as the 
reference category. After multivariate adjustments, the OR for 
cognitive dysfunction assessed by total-CF was 1.540 (95% 
CI: 1.075~2.207, P=0.019, Ptrend= 0.012). For AFT, the OR 
was 1.394 (95% CI: 1.024~1.897, P=0.035, Ptrend= 0.072) for 
the highest quartile.

In Model 2, further exploration of the relationship 
between ln(GGT/HDL-C) and cognitive dysfunction evaluated 
by total-CF revealed a nonlinear relationship (Figure 2A). A 
two-piecewise logistic regression model was used to calculate 
the threshold effect. If the P value for the likelihood test is 
<0.05, it means the two-piecewise logistic regression model 
is superior to the single-line logistic regression model.19 We 
observed that the inflection point was 3.055 (Table 3). Before 
reaching the inflection point, no correlation was identified 
[OR (95% CI): 1.044 (0.702~1.555), P=0.830], and above the 
inflection point, a significant association was identified with 
an OR of 2.091 (95% CI: 1.360~3.216). Similarly, a nonlinear 
relationship was observed between ln(GGT/HDL-C) and 
cognitive dysfunction assessed by CERAD W-L or DSST 
(Figure 2B, 2D), which was further supported by the threshold 
effect analysis (Table 3). However, there was no correlation 
observed between ln(GGT/HDL-C) and cognitive dysfunction 
evaluated by AFT in the RCS curve (Figure 2C).
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Total Q1 Q2 Q3 Q4 P-value
ln(GGT/HDL-C) 2.69 (2.29, 3.15) 2.05 (1.84, 2.17) 2.50 (2.39, 2.61) 2.90 (2.79, 3.02) 3.55 (3.33, 3.90) -
Age (years) 69.46±6.79 70.54±6.97 70.03±6.78 69.03±6.61 68.20±6.54 <0.001
BMI (kg/m2) 29.06±6.32 26.99±6.05 29.09±6.59 29.95±6.08 30.26±6.03 <0.001
Gender

Male 1357 (49.01) 205 (29.40) 307 (43.60) 426 (62.10) 419 (61.50)
<0.001

Female 1412 (50.99) 493 (70.60) 397 (56.40) 260 (37.90) 262 (38.50)
CERAD W-L 13.5 (10.5, 16.0) 14.0 (10.5, 16.5) 13.5 (11.0, 16.0) 13.0 (10.5, 15.5) 13.0 (10.5, 15.5) 0.001
AFT 16.0 (13.0, 20.0) 17.0 (13.0, 20.0) 16.0 (13.0, 20.0) 16.0 (13.0, 20.0) 16.0 (12.0, 20.0) 0.027
DSST 46.0 (33.0, 59.0) 49.0 (36.0, 62.0) 46.0 (34.0, 59.0) 45.0 (33.0, 56.0) 43.0 (31.5, 56.0) <0.001
total-CF 76.0 (59.0, 92.5) 80.0 (62.5, 97.5) 76.5 (60.5, 92.9) 75.0 (58.5, 89.5) 72.0 (56.5, 89.0) <0.001
FG (mmol/L) 6.41±1.97 5.82±1.32 6.29±1.80 6.71±2.29 6.89±2.19 <0.001
HbA1c (%) 6.07±1.09 5.79±0.82 5.95±0.82 6.23±1.29 6.31±1.26 <0.001
ALT (U/L) 20 (16, 25) 17 (14, 21) 18 (15, 22) 20 (16, 26) 25 (19, 32) <0.001
AST (U/L) 23 (20, 27) 22 (19, 26) 23 (20, 26) 23 (20, 27) 26 (22, 33) <0.001
LDH (U/L) 131 (117, 148) 134 (119, 150) 131 (115, 147) 130 (116, 146) 131 (117, 152) 0.022 
TG (mmol/L) 1.41 (0.95, 2.13) 1.04 (0.77, 1.46) 1.36 (0.98, 1.89) 1.61 (1.13, 2.38) 1.87 (1.24, 2.90) <0.001
TC (mmol/L) 4.89 (4.16, 5.64) 5.12 (4.34, 5.87) 4.89 (4.19, 5.61) 4.80 (4.09, 5.59) 4.76 (3.98, 5.51) <0.001
Race

MA 244 (8.81) 46 (6.60) 63 (8.90) 56 (8.20) 79 (11.60)

<0.001
OH 278 (10.04) 52 (7.40) 74 (10.50) 77 (11.20) 75 (11.00)
NHW 1352 (48.83) 403 (57.70) 355 (50.40) 309 (45.00) 285 (41.90)
NHB 630 (22.75) 123 (17.60) 147 (20.90) 184 (26.80) 176 (25.80)
OR 265 (9.57) 74 (10.60) 65 (9.20) 60 (8.70) 66 (9.70)

Education level
BHS 690 (24.94) 134 (19.20) 171 (24.30) 189 (27.60) 196 (28.80)

<0.001HS 657 (23.74) 157 (22.50) 157 (22.30) 171 (24.90) 172 (25.30)
AHS 1420 (51.32) 407 (58.30) 376 (53.40) 325 (47.40) 312 (45.90)

DM
No 1865 (69.75) 562 (82.80) 503 (74.00) 417 (63.50) 383 (58.20)

<0.001
Yes 809 (30.25) 117 (17.20) 177 (26.00) 240 (36.50) 275 (41.80)

Hypertension
No 1044 (37.77) 320 (45.90) 269 (38.40) 250 (36.40) 205 (30.10)

<0.001
Yes 1720 (62.23) 377 (54.10) 432 (61.60) 436 (63.60) 475 (69.90)

High cholesterol
No 1198 (43.56) 353 (50.90) 297 (42.30) 266 (39.00) 282 (42.00)

<0.001
Yes 1552 (56.44) 341 (49.10) 405 (57.70) 416 (61.00) 390 (58.00)

Sleep problems
No 1860 (67.17) 482 (69.10) 485 (68.90) 465 (67.80) 428 (62.80)

0.047
Yes 909 (32.83) 216 (30.90) 219 (31.10) 221 (32.20) 253 (37.20)

Drinking status
No 425 (15.61) 121 (17.60) 118 (17.10) 100 (14.80) 86 (12.90)

0.064
Yes 2298 (84.39) 567 (82.40) 574 (82.90) 575 (85.20) 582 (87.10)

Smoking status
No 1366 (49.37) 413 59.30) 368 (52.30) 314 (45.80) 271 (39.90)

<0.001
Yes 1401 (50.63) 284 (40.70) 336 (47.70) 372 (54.20) 409 (60.10)

Abbreviations: FG, fasting glucose; ALT, alanine aminotransferase; AST, aspartate aminotransferase; LDH, lactate dehydrogenase; TG, 
triglycerides; TC, total cholesterol; DM, diabetes mellitus; MA, Mexican American; OH, other Hispanic; NHW, non-Hispanic White; NHB, 
non-Hispanic Black; NHA, non-Hispanic Asian; OR, other races; BHS, below high school; HS, high school; AHS, above high school.

Table 1.
Baseline characteristics of participants grouped according to ln(GGT/HDL-C) quartiles.
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total-CF
Model 1 P-value Model 2 P-value

ln(GGT/HDL-C) 1.397 (1.236~1.578) <0.001 1.374 (1.126~1.676) 0.002 
ln(GGT/HDL-C) quartile

   Q1 2.05 (≤2.29) 1(reference) 1(reference)
   Q2 2.50 (2.29-2.69) 1.180 (0.915~1.521) 0.203 1.033 (0.747~1.429) 0.846 
   Q3 2.90 (2.69-3.15) 1.435 (1.118~1.843) 0.005 1.067 (0.763~1.492) 0.706 
   Q4 3.55 (≥3.15) 1.782 (1.394~2.278) <0.001 1.540 (1.075~2.207) 0.019 

Ptrend <0.001 0.012 
CERAD W-L
Model 1 P-value Model 2 P-value

ln(GGT/HDL-C) 1.286 (1.139~1.451) <0.001 1.187 (0.998~1.411) 0.053 
ln(GGT/HDL-C) quartile

Q1 2.05 (≤2.29) 1(reference) 1(reference)
Q2 2.50 (2.29-2.69) 1.021 (0.797~1.308) 0.869 0.896 (0.679~1.183) 0.440 
Q3 2.90 (2.69-3.15) 1.160 (0.907~1.483) 0.236 0.868 (0.648~1.163) 0.343 
 Q4 3.55 (≥3.15) 1.570 (1.237~1.994) <0.001 1.258 (0.921~1.717) 0.149 

Ptrend <0.001 0.095 
AFT
Model 1 P-value Model 2 P-value

ln(GGT/HDL-C) 1.214 (1.078~1.366) 0.001 1.220 (1.030~1.444) 0.021 
ln(GGT/HDL-C) quartile

Q1 2.05 (≤2.29) 1(reference) 1(reference)
Q2 2.50 (2.29-2.69) 1.335 (1.052~1.693) 0.017 1.323 (1.010~1.734) 0.042 
Q3 2.90 (2.69-3.15) 1.338 (1.053~1.699) 0.017 1.236 (0.927~1.649) 0.148 
Q4 3.55 (≥3.15) 1.479 (1.165~1.875) 0.001 1.394 (1.024~1.897) 0.035 

Ptrend 0.003 0.072 
DSST
Model 1 P-value Model 2 P-value

ln(GGT/HDL-C) 1.365 (1.210~1.541) <0.001 1.174 (0.965~1.428) 0.109 
ln(GGT/HDL-C) quartile

Q1 2.05 (≤2.29) 1(reference) 1(reference)
Q2 2.50 (2.29-2.69) 1.164 (0.906~1.495) 0.235 0.899 (0.652~1.241) 0.519 
Q3 2.90 (2.69-3.15) 1.432 (1.120~1.832) 0.004 0.955 (0.685~1.330) 0.785 
Q4 3.55 (≥3.15) 1.735 (1.362~2.210) <0.001 1.239 (0.868~1.767) 0.238 

Ptrend <0.001 0.149 

Notes: Model 1: unadjusted; Model 2: adjusted for age, gender, BMI, race, education level, DM, hypertension, sleep  
problems, drinking status, smoking status, ALT, AST, LDH, TG and TC.

Table 2.
Association between ln(GGT/HDL-C) and cognitive dysfunction.

total-CF CERAD W-L AFT DSST
OR (95% CI) P OR (95% CI) P OR (95% CI) P OR (95% CI) P

Model A 1.374 (1.126~1.677) 0.002 1.187 (0.999~1.412) 0.052 1.219 (1.030~1.444) 0.021 1.174 (0.965~1.428) 0.108
Model B Inflection point 3.055 3.019 2.361 2.848

< Inflection point   1.044 (0.702~1.555) 0.830 1.008 (0.710~1.432) 0.962 1.297 (0.586~2.874) 0.521 0.806 (0.507~1.281) 0.361
≥ Inflection point 2.091 (1.360~3.216) <0.001 1.697 (1.178~2.444) 0.004 1.173 (0.940~1.464) 0.159 1.625 (1.134~2.329) 0.008

P for likelihood test 0.013 0.020 0.371 0.021
Notes: Model A: Fitting model by single line regression; Model B: Fitting model by two piecewise linear regression. P for likelihood test <0.05, 
it means model B is superior to model A.

Table 3.
Threshold effect analysis of ln(GGT/HDL-C) on cognitive dysfunction.
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Subgroup analyses were performed based on multiple 
variables including age, gender, BMI, race, education level, 
DM, sleep problems, hypertension, drinking and smoking 
status. These analyses accounted for all confounding variables 
except the grouping variable itself. There were no significant 
interactions between subgroup variables and ln(GGT/HDL-C), 
with all Pinteraction>0.05 (Figure 3). The results suggested that the 
associations of ln(GGT/HDL-C) with cognitive dysfunction 
were comparable in most subpopulations.

Discussion
In this study, we evaluated the relationship between 

ln(GGT/HDL-C) and cognitive dysfunction in 2,769 
participants aged 60 years and older from the NHANES 2011-
2014 cycles. After adjusting for covariates, we discovered that 
ln(GGT/HDL-C) was positively associated with the risk of 
cognitive dysfunction assessed by total-CF.

Previous studies have established associations between 
GGT or HDL-C and cognitive function. In a large-scale 
population of middle-aged to older Finnish men, GGT was 
positively associated with the future risk of dementia.8 

Research conducted among Chinese female patients with 
mild cognitive impairment has shown similar results.7  
Additionally, Lee et al.9 indicated that both baseline GGT 
and GGT variability are independent predictors of dementia. 
Zhang et al.20 identified a nonlinear relationship wherein the 
risk of cognitive impairment escalated with increasing GGT 
levels in 25~94 U/L. Consistent with the above results, our 
study demonstrated that elevated GGT levels were associated 
with an increased risk of cognitive dysfunction and for 
every one unit increase in GGT, the risk increased by 0.7% 
(Supplementary Table 2). Although Kunutsor et al.21 did 
not find a strong causal relationship between GGT and AD 
via the mendelian randomization method, the potential pro-
inflammatory and pro-oxidative roles of GGT may significantly 
contribute to cognitive dysfunction. Moreover, GGT levels are 
directly implicated in atheromatous plaque formation, which 
is also considered as a fundamental pathological mechanism 
underlying cognitive impairment.7

The correlation between HDL-C and cognitive 
dysfunction is still controversial. Previous studies have 
suggested that higher levels of HDL-C are linked to improved 
cognitive function, while lower HDL-C levels are related 
to adverse outcomes.14,22-25 These findings underscore the 
potential benefits of high HDL-C for preserving cognitive 
function during aging. However, our study did not identify 
a correlation between HDL-C and overall cognitive function 
(Supplementary Table 3), and similar results have been 
reported.26,27 In addition, compared with that in women, the 
HDL-C level in men was negatively correlated with the risk of 
AFT injury (Supplementary Table 3), which is like the results 
reported by Boccardi et al.28 The differences in the correlation 
between HDL-C and cognitive function may be influenced 
by multiple factors, including age, gender, stage of cognitive 
impairment, assessment criteria and the nonlinear relationship 
between them, and even by other lipid levels.28-31

Notably, a recent study conducted by Wang et al.32 

provided initial evidence of a negative correlation between the 
GGT/HDL-C ratio and cognitive performance (assessed by 
DSST score) in older adults, with diabetes mellitus serving as 
a mediator. In our study, we incorporated multiple indicators 
and constructed a composite cognitive score (total-CF), 
which could reduce measurement bias from single-indicator 
assessment and provide a more holistic representation of 
global cognitive capacity. Furthermore, unlike the data-
analytical approach adopted by Wang et al., we focused on the 
relationship between ln(GGT/HDL-C) and the risk of cognitive 

Figure 2. Restricted cubic spline (RCS) analysis between 
ln(GGT/HDL-C) and cognitive dysfunction assessed by total-
CF (A), CERAD W-L (B), AFT (C), or DSST (D).

Figure 3. Forest map of ORs for the relationship between ln(GGT/
HDL-C) and cognitive dysfunction stratified by different subgroups.
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dysfunction and thus employed logistic regression analysis. 
Although no significant association was observed between 
ln(GGT/HDL-C) and cognitive dysfunction (assessed by 
DSST) in the adjusted model (Table 2), subsequent restricted 
cubic spline (RCS) and threshold effect analyses revealed a 
nonlinear association: for each 1-unit increase in ln(GGT/
HDL-C) above the threshold of 2.848, the risk of cognitive 
dysfunction increased by 62.5%. In summary, the two studies 
are fundamentally consistent in confirming the association 
between the GGT/HDL-C ratio and cognitive function, albeit 
with differences in assessment methods and analytical depth.

The GGT/HDL-C ratio provides a comprehensive 
measure that reflects the interplay between liver enzyme and 
serum lipid concentrations in relation to cognitive dysfunction. 
The potential mechanisms underlying the association between 
an elevated GGT/HDL-C ratio, positively associated with the 
risk of cognitive dysfunction, may include the following: 1) 
The elevation of GGT levels potentially exacerbates oxidative 
damage within the brain by disrupting glutathione metabolism, 
while the anti-inflammatory and antioxidant functions of HDL-C 
are inhibited, which may weaken the protection of neurons 
and blood vessels; 2) abnormalities of GGT and HDL-C may 
reflect endothelial dysfunction or arteriosclerosis, resulting in 
reduced cerebral blood flow and microvascular lesions; 3) an 
increased GGT/HDL-C ratio acts as an indicator of metabolic 
disturbances that may indirectly impair cognitive function 
through mechanisms such as insulin resistance, obesity, or 
diabetes; and 4) impaired liver function (indicated by elevated 
GGT) potentially affects neurological health by crossing the 
blood-brain barrier via inflammatory mediators or toxins such 
as ammonia. However, the exact mechanism requires further 
investigation.

The main advantage of our study is that it used the NHANES 
database, allowing us to obtain a large sample size. Additionally, 
three standard tests were employed, and a comprehensive 
score was generated to assess cognitive performance. We used 
a different method from previous studies to calculate the IRT 
score. This approach reduces the impact of deviations among the 
three trials. Furthermore, as a new indicator, GGT/HDL-C may 
explain the impact of the interaction between oxidative stress and 
lipid metabolism on cognition.

However, it is imperative to recognize the potential 
limitations of our research. First, the study design precludes the 
establishment of causality. Second, the possibility of residual 
confounding variables remains elusive. Finally, it is important 
to note that our research did not include a clinical assessment 
that could diagnose and further stratify cognitive dysfunction. 
Therefore, further prospective studies or fundamental research 
are necessary to elucidate the causal relationships and 
mechanisms between GGT/HDL-C and cognitive dysfunction.

In conclusion, our study suggested that higher levels of 
ln(GGT/HDL-C) might be associated with an increased risk of 
cognitive dysfunction in older adults.
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Supplementary Material

Age (years) total-CF CERAD W-L AFT DSST
60-69 64.5 11.5 14.0 37.0
70-79 57.0 10.5 12.0 32.0
≥80 50.0 8.5 11.0 28.0

Supplementary Table 1. 
Cutoff values for cognitive dysfunction across age groups.

total-CF

Model 1 P-value Model 2 P-value

ln(GGT) 1.360(1.185~1.562) <0.001 1.361(1.103~1.679) 0.004

GGT 1.006(1.003~1.008) <0.001 1.007(1.003~1.012) 0.001

Male 1.007(1.003~1.010) <0.001 1.008(1.002~1.013) 0.008

Female 1.003(0.998~1.007) 0.224 1.010(1.002~1.017) 0.017

CERAD W-L

Model 1 P-value Model 2 P-value

ln(GGT) 1.182(1.029~1.357) 0.018 1.183(0.984~1.422) 0.074

GGT 1.004(1.001~1.006) 0.007 1.005(1.001~1.009) 0.006

Male 1.002(0.999~1.006) 0.168 1.003(0.998~1.007) 0.210

Female 1.004(0.999~1.008) 0.093 1.014(1.007~1.021) <0.001

AFT

Model 1 P-value Model 2 P-value

ln(GGT) 1.152(1.007~1.319) 0.040 1.154(0.964~1.380) 0.119

GGT 1.002(0.999~1.004) 0.185 1.003(0.999~1.006) 0.129

Male 1.000(0.996~1.004) 0.991 1.002(0.998~1.007) 0.299

Female 1.005(1.000~1.009) 0.031 1.005(0.999~1.012) 0.103

DSST

Model 1 P-value Model 2 P-value

ln(GGT) 1.280(1.116~1.468) <0.001 1.113(0.904~1.370) 0.314

GGT 1.005(1.002~1.007) 0.001 1.004(1.000~1.008) 0.079

Male 1.006(1.002~1.009) 0.001 1.005(1.000~1.010) 0.070

Female 1.001(0.997~1.006) 0.586 1.003(0.996~1.011) 0.388
Model 1: unadjusted; Model 2: adjusted for age, gender, BMI, race, 
education level, DM, hypertension, sleep problems, drinking status, 
smoking status, ALT, AST, LDH, TG, and TC. Male: association of GGT 
and cognitive dysfunction in male participants. Female: association of 
GGT and cognitive dysfunction in female participants.

Supplementary Table 2.
 Association between GGT and cognitive dysfunction.

total-CF

Model 1 P-value Model 2 P-value

ln(HDL-C) 0.565(0.419~0.761) <0.001 0.732(0.439~1.220) 0.231

HDL-C 0.720(0.583~0.890) 0.002 0.896(0.633~1.267) 0.534

Male 0.820(0.594~1.133) 0.229 0.686(0.420~1.120) 0.132

Female 0.781(0.577~1.056) 0.109 1.275(0.764~2.128) 0.352

CERAD W-L

Model 1 P-value Model 2 P-value

ln(HDL-C) 0.483(0.358~0.650) <0.001 0.850(0.547~1.322) 0.471

HDL-C 0.637(0.514~0.788) <0.001 0.941(0.697~1.270) 0.690

Male 0.832(0.611~1.133) 0.244 0.860(0.573~1.292) 0.468

Female 0.805(0.586~1.106) 0.181 1.109(0.702~1.754) 0.658

AFT

Model 1 P-value Model 2 P-value

ln(HDL-C) 0.610 (0.458~0.814 0.001 0.565(0.363~0.879) 0.011

HDL-C 0.715(0.583~0.876) 0.001 0.684(0.506~0.926) 0.014

Male 0.621(0.443~0.872) 0.006 0.589(0.374~0.930) 0.023

Female 0.708(0.535~0.936) 0.015 0.826(0.545~1.252) 0.367

DSST

Model 1 P-value Model 2 P-value

ln(HDL-C) 0.486(0.361~0.654) <0.001 0.606(0.363~1.011 0.055

HDL-C 0.646(0.523~0.799) <0.001 0.805(0.569~1.139) 0.220

Male 0.750(0.544~1.034) 0.079 0.672(0.412~1.096) 0.111

Female 0.701(0.517~0.951) 0.022 0.980(0.586~1.637) 0.938

Model 1: unadjusted; Model 2: adjusted for age, gender, BMI, race, 
education level, DM, hypertension, sleep problems, drinking status, 
smoking status, ALT, AST, LDH, TG, and TC. Male: association of 
HDL-C and cognitive dysfunction in male participants. Female: 
association of HDL-C and cognitive dysfunction in female participants.

Supplementary Table 3. 
Association between HDL-C and cognitive dysfunction.
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Abstract
Background: Systemic lupus erythematosus (SLE) is a chronic, potentially life-threatening autoimmune disorder that damages 
various tissues and organs. It is more prevalent in women than in men. Real-world medical practice provides comprehensive 
clinical and laboratory information. A variety of factors complicate processes in patients with SLE. Two important risk factors, 
serum interleukin-6 (IL-6) and vitamin D, are to be investigated to determine their precise role in SLE.
Methods and Results: We analyzed variation in serum IL-6 and vitamin D, their association, and other characteristics in normal-
weight SLE (NW-SLE) and overweight SLE (OW-SLE), compared with NW controls (NW-C) and OW controls (OW-C). The 
enzyme-linked immunosorbent assay (ELISA) kit methods were used for diagnostic purposes and to determine vitamin D and IL-6 
levels. Conventional methods were used to record the other variables, including hemoglobin (Hb), hepcidin (Hp), body mass index 
(BMI), menstrual cycle length (MCL), and menstrual phase duration (MPD). Serum levels of IL-6 presented significant variations 
for NW-SLE compared to NW-C (P<0.02), and OW-SLE compared to OW-C, and OW-SLE compared to NW-SLE (P<0.01). 
The serum levels of vitamin D indicated a significant difference between OW-SLE compared to NW-SLE (P<0.03) and NW-SLE 
compared to NW-C, OW-SLE compared to OW-C, and OW-C compared to NW-C (P<0.01). Furthermore, vitamin D and IL-6 
showed a significant negative correlation in OW-SLE and NW-SLE patients (P<0.01). 
Conclusion: The results of this study highlight the importance of measuring serum IL-6 and vitamin D levels in conjunction 
with BMI assessment in patients with SLE. This study revealed an inverse relationship between vitamin D and IL-6 in patients 
with SLE. Since vitamin D is an important modifiable factor in SLE, and its deficiency is associated with disease activity and the 
risk of complications, correction of vitamin D deficiency can complement standard therapy and improve the prognosis of SLE.
(International Journal of Biomedicine. 2026;16(1):26-32.)
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25(OH)D, 25-hydroxyvitamin D; ADA, American Diabetes Association; BMI, body mass index; BW, body weight; CRP, 
С-reactive protein; dsDNA, double-stranded DNA; ELISA, enzyme linked immunosorbent assay; Hb, hemoglobin; Hp, hepcidin; 
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Introduction
Systemic lupus erythematosus (SLE) is a chronic, 

potentially life-threatening autoimmune disorder that can 

damage multiple tissues and organs.1 It is more prevalent 
in women than men.2 A medical practice specializing 
in rheumatology provides comprehensive clinical and 
laboratory information in SLE diagnostics..3 Interleukin-6 
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(IL-6) functions as a proinflammatory cytokine in SLE4,5 by 
binding to its membrane receptor, IL-6R, on leukocytes and 
hepatocytes, and contributes significantly to pathogenesis and 
disease activity.  Some of the recent case-control and meta-
analyses present elevated levels of IL-6 in patients with SLE.6-

8 Genetic polymorphism studies, however, did not establish 
a significant association of IL-6 with SLE.9,10 Furthermore, 
the therapeutic approaches for blocking IL-6 in SLE did not 
present the efficacy as appears in other autoimmune diseases, 
and despite that, IL-6 remains an important factor, especially 
against certain risks associated with the pathogenesis of SLE 
and comorbidities.11 

Another important factor in the pathogenesis of SLE is 
vitamin D. Vitamin D, a steroid hormone, regulates cell growth 
and modulates the immune system, and its insufficiency and 
deficiency complicate these processes in patients with SLE.12 
Pathogenesis of SLE and several other autoimmune diseases 
emphasize the potential immunomodulatory role of vitamin 
D.13 Decreased levels and deficiency of vitamin D obtained 
in SLE patients indicate the involvement of vitamin D in 
the increased disease activity in SLE patients14 though non-
significant association of vitamin D has also been reported 15 
possibly due to methodological/ study design, different indices 
employed for assessing the disease activity, little sun exposure, 
diverse lifestyles, cultural and ethnic background, deficient 
dietary intake, and geographical and seasonal variations of 
vitamin D levels.15,16 The levels of Hb and Hp were investigated 
in patients with anemia and other hematological abnormalities 
in patients with SLE.8,17,18 The influence of overweight status/ 
obesity on serum vitamin D and immune responses, including 
IL-6, was investigated in patients with SLE.19 However, 
various studies show controversy about the association 
of BMI and vitamin D, and IL-6 and vitamin D.16,20,21 

The association of serum vitamin D and IL-6 was 
investigated,22,23 and that was linked to its therapeutic potential 
via IL-6 and other pro-inflammatory biomarkers.24,25 

The important roles of IL-6 and vitamin D in 
inflammation, immune processes, injury, and related aspects are 
established. Understanding their impact on SLE pathogenesis 
is essential. However, further research is needed to clarify the 
interaction between IL-6 and vitamin D in patients with SLE. 
We analyzed changes in serum IL-6 and vitamin D levels and 
their relationship, along with other characteristic features, in 
normal-weight and overweight patients with SLE.

Materials and Methods
A current case-control observational study was 

conducted at Umm Al-Qura University (UQU) and 
associated hospitals/clinical institutions in Makkah, 
Kingdom of Saudi Arabia (KSA). The study was 
conducted from January 1, 2023, to April 10, 2025.   
The number of reproductive-age women subjects in the current 
study (n = 409) exceeded the calculated sample size (385). 
Age (years) and body mass index (BMI, kg/m2) matched 
subjects were consulted. Age range was 20-29 in the normal-
weight controls (NW-C, n=105, BMI range: 18.5-24.9 kg/m2), 
overweight controls (OW-C, n=105, BMI range: 25-29.9 kg/

m2), NW-SLE (n=100, BMI range: 18.5-24.9 kg/m2), and OW-
SLE (n=99, BMI range: 25-29.9 kg/m2) women subjects.

 The women of reproductive age included in the present 
work were not pregnant or breastfeeding. Obtaining subjects’ 
consent was considered necessary. Samples/history were 
obtained only from ovulatory menstrual cycles. Only women 
with BMI levels not less than 18.5 kg/m2 and not more than 
24.9 kg/m2 for NW-C and NW-SLE, and not less than 25 kg/
m2 and not more than 29.9 kg/m2 for OW-C and OW-SLE, 
were included in the present study.  Furthermore, they were 
not anemic, smokers, or had serious medical complications. 

BMI, menstrual cycle length (MCL), menstrual phase 
duration (MPD), and other subject characteristics were 
recorded using a questionnaire. 

For the identification and proper diagnosis of SLE, the key 
biomarker, anti-double-stranded DNA (anti-dsDNA) antibodies, 
was determined using an enzyme-linked immunosorbent assay 
(ELISA). Vitamin D was determined using ELISA kits. A 
hematology analyzer, Sysmex XN 100i (Sysmex Europe SE, 
Norderstedt, Germany), was used to measure Hb. To estimate 
serum IL-6 and hepcidin (Hp), ELISA kits for IL-6 and Hp, 
respectively, were used. 

The data analysis was carried out employing the basic 
principles published elsewhere.26 Statistical analysis was 
performed using the statistical software package SPSS version 
24.0 (IBM Corp., Armonk, NY).  For the descriptive analysis, 
results are presented as mean (M) ± standard deviation 
(SD). Multiple comparisons were performed with one-way 
ANOVA and a post-hoc Tukey HSD test. The coefficient of 
determination (R2) was estimated to assess the strength of 
the linear relationship. A probability value of P≤0.05 was 
considered statistically significant.

Results
The total women subjects studied in the present study 

was 409. The number of subjects in the NW-C, NW-SLE, OW-
C, and OW-SLE groups was 105, 105, 100, and 99 women, 
respectively. The data of their age (years), MCL (days), MPD 
(days), BMI (kg/m2), IL-6 (pg/mL), Hp (ng/mL), HB (g/dL), 
and 25(OH)D (ng/mL) were collected and analyzed (Table 1).

Among groups, variation showed significant results for 
serum IL-6 and vitamin D (P<0.01). BMI varied significantly 
among groups (P<0.01) as two of our groups had NW-related 
BMI and two other groups had OW-related BMI. All other 
variables did not show significant differences among groups 
(Table 1).

Table 1 shows that the age values (range: 20-29 years) 
were 25.08±3.04, 24.87±3.14, 25.13±3.14, and 25.11±3.07 
years for the NW-C, NW-SLE, OW-C, and OW-SLE groups, 
respectively. 

The MCL presented 28.35±1.34, 28.40±1.38, 
28.38±1.29, and 28.41±1.36 days, respectively, for NW-C, 
NW-SLE, OW-C, and OW-SLE groups. A P-value of 0.05 was 
obtained for group comparisons. 

The MPD indicated 5.30±1.29, 5.34±1.22, 5.23±1.29, 
and 5.20±1.28 days, respectively, for NW-C, NW-SLE, OW-
C, and OW-SLE groups.
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 BMI was 21.67±2.08, 21.68±2.06, 27.56±1.50, and 
27.53±1.50 kg/m2 for NW-C, NW-SLE, OW-C, and OW-SLE 
groups. NW-C vs. OW-C and NW-SLE vs. OW-SLE showed 
significant differences in BMI (P<0.01). 

Serum levels of IL-6 showed 4.71±4.07, 6.13±4.32, 
5.53±4.26, and 8.01±5.70 pg/mL, respectively, for NW-
C, NW-SLE, OW-C, and OW-SLE women groups (Table 
1). Serum levels of IL-6 presented significant variations 
for NW-SLE compared to NW-C (P<0.02), and OW-SLE 
compared to OW-C, and OW-SLE compared to NW-SLE 
(P<0.01) (Fig.1).

The Hp serum levels were 8.49±4.01, 8.49±4.07, 
13.56±1.03, and 8.83±4.66 ng/mL, respectively, for NW-C, 
NW-SLE, OW-C, and OW-SLE groups (Table 1). No significant 
variation of serum Hp was obtained. 

The Hb values were 13.74±1.22, 13.68±1.18, 13.56±1.03, 
and 13.55±1.02 g/dL, respectively, for NW-C, NW-SLE, OW-
C, and OW-SLE women groups (Table 1) that also showed non-
significant alterations of Hb (P>0.05).

The vitamin D serum levels obtained for the NW-C, NW-
SLE, OW-C, and OW-SLE women groups were 34.16±5.26, 
30.08±6.38, 30.68±6.20, and 28.11±6.45 ng/mL, respectively 
(Table 1). 

The vitamin D serum levels indicated a significant 
difference between OW-SLE compared to NW-SLE (P<0.03) 
and NW-SLE compared to NW-C, OW-SLE compared to 
OW-C, and OW-C compared to NW-C (P<0.01) (Fig.2).

Table 2 shows a significant positive association between 
IL-6 and BMI in the OW-C (P=0.03) and OW-SLE (P<0.01) 
groups of women. Vitamin D correlated significantly and 
negatively with IL-6 in NW-SLE and OW-SLE (P<0.01). 

Table 1.
Characteristic variables in normal-weight and overweight 
reproductive-age women with SLE

Variables
Study groups P-

value
NW-C NW-SLE OW-C OW-SLE

Subjects (n) 105 105 100 99 -

Age (years) 25.08±3.04 24.87±3.14 25.13±3.14 25.11±3.07 0.92

MCL (days) 28.35±1.34 28.40±1.38 28.38±1.29 28.41±1.36 0.99

MPD (days) 5.30±1.29 5.34±1.22 5.23±1.29 5.20±1.28 0.86

BMI (kg/m2) 21.67±2.08 21.68±2.06 27.56±1.50 27.53±1.50 <0.01

IL-6 (pg/mL) 4.71±4.07 6.13±4.32 5.53±4.26 8.01±5.70 <0.01

Hp (ng/mL) 8.49±4.01 8.49±4.07 8.51±4.29 8.83±4.66 0.92

Hb (g/dL) 13.74±1.22 13.68±1.18 13.56±1.03 13.55±1.02 0.21

25(OH)D
(ng/mL) 34.16±5.26 30.08±6.38 30.68±6.20 28.11±6.45 <0.01

Fig.1. Serum levels of IL-6 in the study groups

Fig.2. Serum levels of vitamin D in the study groups.

Table 2.
Correlation of serum IL-6 with other characteristics/variables in 
normal-weight and overweight reproductive age women with SLE.

Variables NW-C NW-SLE OW-C OW-SLE

Age (years)
R2 0.00 0.00 0.01 0.00

P 0.48 0.74 0.30 0.90

MCL (days)
R2 0.02 0.00 0.00 0.01

P 0.16 0.50 0.61 0.31

MPD (days)
R2 0.00 0.02 0.00 0.00

P 0.86 0.18 0.56 0.56

BMI (kg/m2)
R2 0.00 0.00 0.05 0.34

P 0.54 0.76 0.03 <0.01

Hp (ng/mL)
R2 0.00 0.00 0.00 0.01

P 0.89 0.80 0.82 0.46

HB (g/dL)
R2 0.01 0.00 0.01 0.01

P 0.23 0.66 0.48 0.31

25(OH)D (ng/mL)
R2 0.01 0.23 0.00 0.33

P 0.23 <0.01 0.90 <0.01
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Vitamin D presented a significantly negative correlation 
with BMI in NW-SLE (P=0.02), and in OW-C and OW-SLE 
(P<0.01) (Table 3). All other characteristics/variables were 
not significantly associated with vitamin D. 

Discussion
Various studies found elevated levels of IL-6 in patients 

with SLE compared with controls,6-8,27-29 whereas other studies 
reported a non-significant increase in IL-6 concentration in 
SLE patients compared with healthy control women.30-32 The 
present study finds a significant increase in IL-6 in NW-SLE 
women compared to NW-C, in OW-SLE women compared 
to OW-C, and in OW-SLE women compared to NW-SLE 
women.  

The present investigation showed no significant 
association between IL-6 and age across all subject groups. 
Age-associated changes in IL-6 in SLE have rarely been 
studied. A positive association between IL-6 and age in SLE 
patients was reported,11 consistent with the observation that 
aging is associated with enhanced production of inflammatory 
cytokines, including IL-6, leading to low-grade inflammation.33 
The absence of a significant association of age with any of 
the SLE or control groups in the present study seems due to 
the fact that our subjects had quite a limited age range of 20-
29 years. Further studies, including a broader age range, may 
clarify the association between age and serum IL-6.

The elevated IL-6 levels in SLE patients across studies 
may be due to methodological variability, treatment effects, 
increased disease activity, age, sex, BMI, and other factors. It 
is possible that reduced or increased IL-6 levels measured at 

specific times reflect decreased or increased disease activity, 
respectively. These findings indicate that IL-6 might serve as 
an indicator of disease activity, inflammatory status, or post-
treatment effects, rather than as a diagnostic marker. SLE 
patients present with various clinical manifestations driven 
by immunological, genetic, and environmental factors, and 
vitamin D is considered an immunomodulatory factor that 
influences patients with SLE in active disease more than in 
inactive disease.1,3

A variety of clinical features studied in SLE patients15 
reveal that the maximum incidence of SLE occurs in 
reproductive-age women of 20-29 years.34 Since we collected 
the data for the present study in reproductive age women of 20-
29 years, it can appropriately be compared with such study,34 
where vitamin D deficiency (mean 16.82±11.24 ng/mL) was 
suggested to occur in view of multiple interacting factors, 
including sun avoidance due to photosensitivity, nutritional 
deficiency of vitamin D, and using full length/ full body clothes 
that limit the skin exposure to sun.16,35 Similar conditions were 
present in SLE patients in the present study.  

Vitamin D plays an immunoregulatory role by decreasing 
autoimmune responses and disease activity in SLE. However, 
it is not necessary that vitamin D is a causal factor. It could 
possibly be a consequence of photosensitivity that inclines 
the patients to limit the exposure to the sun, which leads to 
less synthesis of vitamin D. Furthermore, certain types of 
medication for SLE patients may increase the catabolism of 
vitamin D and decrease the intestinal absorption of vitamin D, 
thereby enhancing the vitamin D deficiency.34 Further studies 
may confirm the medication influences.

Routine and annual comprehensive screening are 
required to maintain serum vitamin D (25(OH)D) levels 
above 30 ng/mL, especially in SLE patients with active 
disease, glucocorticoid use, and photosensitivity. This helps 
manage SLE patients.34 Control of the dietary intake of 
vitamin D and the effect of medication on vitamin D levels 
were not recorded in the present study. Furthermore, genetic 
polymorphisms influencing vitamin D metabolism were not 
studied. A larger sample size, interventional, and longitudinal 
investigations may confirm the precise association of vitamin 
D with SLE.

The levels of Hb and Hp did not vary significantly in 
NW and OW patients with SLE and control subjects in the 
present study, since the anemic patients were not included 
in the current study, though anemia and other hematological 
abnormalities are found prevalent in patients with SLE.8,17

The role of BMI in patients with SLE is not well 
understood 36 because patients with varying BMI levels have 
not been studied in depth. Obesity playing a pathogenetic 
role was investigated at a much higher level in patients with 
SLE than in healthy people. It was found that the overweight 
status/ obesity has a profound influence on serum vitamin 
D and inflammatory responses in patients with SLE.19 Low 
serum levels of vitamin D were found to have an association 
with high body weight/BMI in patients with SLE,21 though 
this study 21 did not provide findings by comparing the normal 
weight, overweight, and obese subjects. We did not study 
the obese subjects with SLE. However, the data from our 

Table 3.
Correlation of serum vitamin D with other characteristics/variables 
in normal-weight and overweight reproductive age women with 
SLE.

Variables NW-C NW-SLE OW-C OW-SLE

Age (years)
R2 0.01 0.02 0.00 0.00

P 0.30 0.14 0.67 0.59

MCL (days)
R2 0.00 0.02 0.03 0.00

P 0.71 0.17 0.06 0.61

MPD (days)
R2 0.00 0.01 0.02 0.00

P 0.93 0.40 0.18 0.61

BMI (kg/m2)
R2 0.03 0.05 0.33 0.48

P 0.06 0.02 <0.01 <0.01

IL-6 ((pg/mL)
R2 0.01 0.23 0.00 0.33

P 0.23 <0.01 0.90 <0.01

Hp (ng/mL)
R2 0.00 0.00 0.01 0.00

P 0.79 0.95 0.32 0.62

HB (g/dL)
R2 0.00 0.02 0.02 0.00

P 0.93 0.17 0.14 0.64
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overweight subjects were properly compared with those from 
normal-weight subjects. 

Obesity was found to be associated with vitamin D 
insufficiency in patients with SLE.16 The lowered levels 
of vitamin D with increased levels of IL-6 but without the 
influence of BMI were found in patients with SLE.20 This 
report is not in accordance with our present study. We 
noticed that a study by Guimarães et al.20 did not report 
vitamin D and IL-6 levels across BMI levels. This could be 
a major reason why vitamin D concentrations did not vary 
among SLE patients in the quoted study.20 To clarify this, 
we carried out the present study for SLE patients with NW 
BMI and OW BMI compared to healthy NW BMI and OW 
BMI controls.

Vitamin D is considered an immunomodulator that 
regulates adaptive and innate immune responses.22,23 Vitamin 
D helps decrease pro-inflammatory adipokines, such as IL-6.25 
Decreased vitamin D levels in SLE patients are associated 
with elevated IL-6 and other inflammation mediators.24,25 For 
example, a study by Partan et al.12 showed the effectiveness 
of seluang fish oil in reducing the inflammatory response in 
patients with SLE by increasing serum vitamin D levels. The 
precise association between vitamin D and IL-6 in SLE patients 
requires further investigation.25 

It would be worthwhile to conduct studies with a 
larger dataset of patients with SLE, both women and men, 
with follow-up. Since we collected data on IL-6, vitamin 
D, and other variables only once, this is likely insufficient 
to assess variation. Furthermore, changes in these variables 
during follow-up are necessary to assess disease activity 
and appropriate medication dosages. It would be necessary 
to evaluate age, gender, and BMI in conjunction with serum 
CRP levels and other cytokines, including TNF-α, as well as 
anti-inflammatory cytokines/biomarkers, to better understand 
the relationship of vitamin D with inflammatory and anti-
inflammatory responses in patients with SLE. 

Conclusion
The results of this study highlight the importance of 

measuring serum IL-6 and vitamin D levels in conjunction 
with BMI assessment in SLE patients. The study found 
an inverse relationship between vitamin D and IL-6 and 
demonstrated that vitamin D deficiency is the most common 
factor in patients with systemic lupus erythematosus. Since 
vitamin D is an important modifiable factor in systemic lupus 
erythematosus, and its deficiency is associated with disease 
activity and the risk of complications, correction of vitamin 
D deficiency can complement standard therapy and improve 
the prognosis of systemic lupus erythematosus.
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Abstract
Negative pressure wound therapy (NPWT) has been widely used in wound repair and tissue regeneration, and its mechanistic 
role in fracture healing is gaining increasing attention. Bone morphogenetic protein-9 (BMP-9), a recognized and highly effective 
osteoinductive factor, plays a crucial role in bone repair. However, the regulatory mechanism of its expression under negative 
pressure remains unclear. This study aimed to investigate whether negative pressure wound therapy (NPWT) accelerates fracture 
healing by upregulating BMP-9 and osteocalcin (OCN) expression through activation of the MAPK/ERK5 signaling pathway. 
A tibial fracture model was established in Sprague-Dawley (SD) rats. The rats were randomly divided into the control group, 
the Model+Gauze group, the Model+Gauze+BIX group, the Model+NPWT group, and the Model+NPWT+BIX group. Fracture 
tissue was obtained 14 days after surgery for molecular and histological analysis. Real-time fluorescence quantitative PCR results 
showed that mRNA expression of BMP-9, OCN, MEK5, and ERK5 in the Model+NPWT group was significantly higher than 
that in the other groups (P<0.05). Western blot analysis was consistent with this finding, demonstrating a significant increase in 
protein expression. Further immunohistochemistry revealed that OCN expression in the fracture area of the Model+NPWT group 
was significantly increased, suggesting a stimulatory effect on osteoblastic activity. This study demonstrates that NPWT may 
upregulate BMP-9 and OCN expression by activating the MAPK/ERK5 signaling pathway, thereby enhancing the osteogenic 
response at the fracture site and ultimately promoting fracture repair. This study provides a new perspective on the molecular 
mechanisms by which NPWT promotes fracture healing and provides a theoretical basis for its clinical application in fracture 
treatment.(International Journal of Biomedicine. 2026;16(1):33-40.)
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Introduction
Fracture is one of the most common orthopedic diseases in 

clinical practice, and its repair process is regulated by multiple 
factors, including inflammatory response, cell migration, 
angiogenesis, and osteoblast differentiation.1 Although most 
fractures heal with traditional treatment methods, in complex 
situations such as open fractures, concomitant infections, large 

bone defects, and osteoporosis in the elderly, there is a risk of 
delayed healing or even complete failure to heal.2 Therefore, 
exploring methods that can effectively promote fracture repair 
and enhance the capacity for bone regeneration has always 
been a hot topic in bone tissue engineering and translational 
medicine research. In recent years, negative pressure wound 
therapy (NPWT) has been widely used in managing chronic 
wounds, diabetic foot, and postoperative wounds due to its 
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advantages of accelerating wound healing, promoting tissue 
perfusion, reducing edema, and inducing cell remodeling.3,4 
The therapeutic mechanism of NPWT is not limited to 
physical drainage but also includes the regulation of the 
local cell mechanical environment, thereby activating related 
signaling pathways and inducing tissue regeneration. In the 
field of orthopedics, researchers have begun to pay attention 
to whether NPWT can further promote bone tissue repair by 
regulating related signaling pathways. Zhu et al.5 found that 
NPWT can enhance blood supply and osteoblast activity in 
the fracture area, shorten fracture-healing time, and promote 
bone-bridge formation. Li et al.6 also observed that NPWT can 
promote angiogenesis in a diabetic trauma model, indirectly 
improving the physiological environment for fracture repair.

During fracture repair, bone morphogenetic protein-9 
(BMP-9), a member of the TGF-β family, has been increasingly 
recognized in recent years as one of the cytokines with the 
greatest osteogenic induction potential. Compared with the 
traditionally used BMP-2 and BMP-7, BMP-9 has a stronger 
ability to induce mesenchymal stem cells (MSC) differentiation 
into osteoblasts and to sustainably upregulate osteogenic 
markers, such as ALP, OCN, and Runx2.7-9 Mostafa et al.10 
showed that the regulatory transduction mechanism of BMP-
9 involves not only the Smad-dependent pathway but also 
further enhances the expression of transcription factors and 
the synthesis of osteogenic proteins by activating non-classical 
signaling axes, such as the MAPK family. In particular, the 
MAPK/ERK5 (mitogen-activated protein kinase/ extracellular-
signal-regulated kinase 5) signaling pathway plays a crucial role 
in osteogenic protein synthesis.11-13 Although BMP-9 is widely 
recognized for its role in promoting fracture healing, little 
research has examined whether it is preferentially activated 
by negative pressure. Furthermore, little has been reported on 
whether its differentiation and proliferation are regulated by 
the MAPK/ERK5 signaling pathway under negative pressure, 
and whether negative pressure preferentially activates this 
pathway to regulate BMP-9. To this end, we established an 
SD rat tibial fracture model and used an NPWT intervention 
strategy. Combining immunohistochemistry, qPCR, and 
Western blot, we investigated the expression of key factors, 
including BMP-9, OCN, MEK5, ALP, and ERK5, and analyzed 
the effects of negative pressure on fracture repair. To examine 
whether negative pressure regulates BMP-9 and OCN via the 
MAPK/ERK5 signaling pathway and thereby promotes fracture 
healing, we included the ERK5 pathway inhibitor BIX02189 as 
a functional intervention. 

This study is expected to reveal the function and role 
of BMP-9 and the MAPK/ERK5-BMP-9 axis under negative 
pressure, providing a theoretical basis and potential targets for 
interventions to repair clinical bone tissue.

Materials and Methods
Experimental Animals and Groups

Sixty healthy 8-week-old SD rats (weighing 220–250 
g), half male and half female, were purchased from Hubei 
Provincial Laboratory Animal Center (License number: SCXK-
2022-0011). All animals were housed in a SPF environment 

at 22–25°C, 50%–60% humidity, and a 12-h day/night cycle, 
with free access to food and water. To ensure animal welfare, 
humane endpoints were established, including weight loss 
exceeding 20%; severe infection or injury that could not be 
healed; noticeable pain or discomfort that could not be alleviated 
by medication; or the animal exhibiting excessive mental or 
behavioral stress during the experiment. All animals were 
sacrificed under deep anesthesia with sodium pentobarbital (50 
mg/kg, intraperitoneal) before cervical dislocation.

If any of these conditions were observed, the experiment 
would be terminated immediately, and the animals would be 
euthanized in accordance with procedures approved by the 
ethics committee. After 7 days of acclimation, the animals 
were randomly assigned to 5 groups (n=12): Control group: 
no treatment; Model+Gauze group: fracture model established 
and covered with saline gauze; Model+Gauze+BIX group: 
ERK5 pathway inhibitor BIX02189 was added to the model 
group; Model+NPWT group: negative pressure treatment; 
Model+NPWT+BIX group: negative pressure treatment plus 
ERK5 inhibitor intervention. The experiment was carried out 
from March to July 2024.
Tibial Fracture Model Construction and Negative Pressure 
Treatment

After the animals were anesthetized (sodium 
pentobarbital, 40 mg/kg, i.p.), a longitudinal incision was 
made in the proximal tibia of the right hind limb to expose the 
bone surface. A surgical drill (Elbo EL-21) was used to create 
a bone defect approximately 3mm in the mid-tibial region  
(Figure 1A). Subsequently, a 0.8mm diameter Kirschner wire 
(Jiangsu Kangda) was inserted into the medullary canal for 
internal fixation. The fracture ends were reduced, and X-rays 
confirmed the successful model (Figure 1B). NPWT treatment 
was performed using a disposable, medical, negative-pressure 
sealing and drainage dressing (Jiangsu Yaguang Medical 
Technology Co., Ltd., model YX9800-01) connected to a 
continuous negative-pressure aspirator (set to –125 mmHg) 
(Figure 1C). The dressing was changed every 3 days for 14 
days. The control group was covered with moist sterile gauze. 
BIX02189 (MCE, HY-12056) was dissolved in DMSO and 
diluted with 25% DMSO. The Model+Gauze+BIX group and 
the Model+NPWT+BIX group were intraperitoneally injected 
daily at a dose of 5 mg/kg for 7 days.

Tissue Sample Collection 
On Day 14 after the intervention, the animals were killed 

by cervical dislocation. All animals were deeply anesthetized 
with an intraperitoneal injection of 50 mg/kg sodium 

Figure. 1. Rat tibial fracture model establishment and negative 
pressure treatment. (A) A 3 mm bone defect was created by 
drilling in the mid-tibial region of the rat. (B) X-ray imaging 
demonstrates the successful establishment of a tibial fracture 
model. (C) The wound in the negative pressure wound treatment 
group was covered with a vacuum-sealed drainage dressing. 
Negative pressure was applied continuously at -125 mmHg.
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pentobarbital before cervical dislocation. The callus tissue at the 
fracture site was collected and divided into 2 parts: one part was 
fixed with 4% paraformaldehyde for 48 hours and embedded in 
paraffin for immunohistochemistry; the other part was quickly 
frozen in liquid nitrogen and stored at -80°C for qPCR and 
Western blotting.
Real-Time Fluorescence Quantitative PCR Detection

Total RNA was extracted using a RNeasy Mini kit 
(Qiagen AB, Sollentuna, Sweden) and a thermocycler (Bio‑Rad 
Laboratories, Inc., Hercules, CA, USA). RNA was reverse 
transcribed into cDNA using the First Strand cDNA Synthesis 
kit (Fermentas; Thermo Fisher Scientific, Inc., Waltham, 
MA, USA) according to the manufacturer’s protocols. Primer 
sequences were: 
BMP-9 forward primer, 5´- AGACCGTGCTTGTGAAGACAT 
-3`´ and reverse primer, 5´- CACGATGGCGTGTTTGGTG -3´ 
ALP forward primer, 5´- TGGACGGTGAACGGGAGAACG 
-3´ and reverse primer, 5´- TGAAGCAGGTGAGCCATAGGG -3´ 
OCN forward primer, 5´-GCCCTGACTGCATTCTGCCTC-
3´and reverse primer, 5- TCACCACCTTACTGCCCTCCT -3´ 
GAPDH forward primer, 5´-ACAGCAACAGGGTGGTGGAC-3´ 
and reverse primer, 5´- TTTGAGGGTGCAGCGAACTT -3´

RT-PCR was performed using a SYBR qPCR mix (2×; 
Toyobo Co., Ltd., Osaka, Japan) and an RT-PCR detection 
system (Bio‑Rad Laboratories Inc.). Thermocycling parameters 
were an initial denaturation for 1min at 95°C, followed by 40 
denaturation cycles at 95°C for 15 s, annealing at 60°C for 15 s, 
and elongation at 72°C for 60 s. Samples were run in triplicate. 
Relative gene expression was analyzed with reference to 
GAPDH expression and the 2-△△Ct method.
Western Blot Assay

Protein was extracted using RIPA lysis buffer (Meilunbio, 
MA0151) supplemented with PMSF (1 mM) and phosphatase 
inhibitors (Beyotime, P1260). Tissue homogenization was 
followed by centrifugation at 12,000 rpm for 15 min at 4°C, 
and the supernatant was collected. Protein concentration was 
determined using the BCA assay (Beyotime, P0012). Forty 
micrograms of protein were separated by 10% SDS-PAGE and 
electrophoresed at 100 V for 90 min. The membrane was then 
transferred to a PVDF membrane (Millipore, IPVH00010) at a 
constant voltage of 300 mA for 90 min. After blocking with 5% 
skim milk powder (diluted in TBST) for 1 hour, the membranes 
were incubated overnight at 4°C with the following primary 
antibodies: BMP-9 (Affinity, DF7758, 1:1000); ALP (Affinity, 
DF6225, 1:1000); OCN (Affinity, DF12303, 1:1000); MEK5/
p-MEK5, ERK5/p-ERK5, and Nur77/p-Nur77 (all Affinity 
products); and internal control: GAPDH (Hangzhou Xianzhi, 
AB-P-R001, 1:10,000).. Secondary antibodies were used: HRP-
conjugated goat anti-rabbit IgG (Boster, BA1051, 1:10,000). 
Incubation was performed at room temperature for 1 hour. 
Color was developed with an ECL solution (Affinity, KF8003) 
and exposed on an SH-523 imaging system. Grayscale values 
were analyzed in ImageJ, and GAPDH was used as an internal 
control for normalization.
Immunohistochemistry (IHC) Staining

For immunohistochemistry staining, paraffin sections 
were routinely deparaffinized and rehydrated with graded 

alcohols. Antigens were retrieved with 0.25% trypsin at 37°C for 
20 minutes. Endogenous enzymes were blocked with 3% H₂O₂ 
for 10 minutes, followed by blocking with 10% goat serum for 
30 minutes. The primary antibody against osteocalcin (LSBio, 
LS-C83497, 1:100) was incubated overnight at 4°C. The next 
day, a secondary antibody conjugated with HRP (Tongling 
Biotechnology) was added, and DAB (Servicebio, G1212) was 
used for color development. The sections were counterstained 
with hematoxylin, dehydrated, and mounted. The stained areas 
appeared brownish-yellow. Positive intensity was measured 
using a Nikon Fi3 microscope, and the percentage of positive 
area was analyzed using Image-Pro Plus 6.0.
Statistical analysis

All data are presented as the means ± SD, and statistical 
significance was assessed by one-way analysis of variance 
(ANOVA). SPSS 18.0 software (SPSS, Chicago, IL, USA) was 
used for statistical analysis. Differences between groups were 
considered statistically significant at P<0.05. 

Results
Changes in BMP-9, ALP, and OCN mRNA Expression

In this study, the qPCR was used to measure gene mRNA 
levels. The results showed that BMP-9 mRNA expression was 
significantly higher in the Model+NPWT group than in the 
Model+Gauze group (P<0.01), suggesting that NPWT activated 
BMP-9 transcription (Figure 2E). In contrast, BMP-9 expression 
was significantly decreased in the Model+Gauze+BIX group, 
which was treated with the ERK5 pathway inhibitor BIX02189, 
indicating that the MAPK/ERK5 pathway positively regulates 
its expression. ALP and OCN mRNA expression levels were 
also significantly higher in the Model+NPWT group than in 
the Model+Gauze group (P<0.05 or P<0.001), indicating that 
NPWT not only affects the expression of inducible factors 
but also broadly promotes mid- and late-stage osteogenic 
differentiation (Figures 2F and 2G). BIX02189 intervention 
significantly inhibited the MAPK/ERK5 signaling pathway, 
leading to decreased ALP and OCN expression.

Figure. 2. Expression changes of BMP-9, ALP, and OCN in fracture 
healing. (A) Representative protein blots showing the BMP-9, OCN, 
and ALP levels in each group. (B) Statistical analysis of BMP-9 
protein levels in each group. (C) Statistical analysis of OCN protein 
levels in each group. (D) Statistical analysis of ALP protein levels 
in each group. (E) BMP-9 gene expression levels in each group 
were detected by qRT-PCR. (F) ALP gene expression levels in each 
group were detected by qRT-PCR. (G) OCN gene expression levels 
in the two groups were detected by qRT-PCR. The control group 
was normal bone tissue of rats without fractures, which was only 
used for normalization analysis and not presented in the statistical 
analysis graph. *P<0.05, **P<0.01, ***P<0.001, ****P<0.0001.
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Changes in Protein Expression of BMP-9, ALP, MEK5, 
ERK5, NUR77, and OCN

To further validate these transcriptional changes at the 
protein level, this study used a Western blot to examine the 
protein expression levels of BMP-9, ALP, MEK5, ERK5, and 
OCN in each group. The phosphorylation levels of MEK5 
and ERK5 were also measured. The results showed that the 
protein expression trends of BMP-9, ALP, and OCN were 
consistent with those of their mRNA counterparts. BMP-
9 protein expression was significantly higher in the NPWT 
group than in the Model+Gauze group (P<0.01), while that 
in the Model+Gauze+BIX group was significantly lower than 
in the NPWT group (P<0.05) (Figure 2A, 2B). Furthermore, 
ALP and OCN protein expressions were significantly increased 
in the NPWT group, with statistically significant differences, 
(P<0.01) suggesting that NPWT enhances the expression of 
proteins associated with fracture repair (Figure 2A, 2C, 2D). 
BIX02189 treatment significantly decreased the expression 
levels of these proteins. Further analysis of key proteins in 
the MAPK/ERK5 signaling pathway, MEK5 and ERK5, as 
well as their phosphorylated forms (p-MEK5 and p-ERK5), 
and the downstream transcription factors Nur77 and p-Nur77, 
revealed significant upregulation of p-MEK5, p-ERK5, and 
p-Nur77 expression in the Model+NPWT group  (P<0.01 
or P<0.001, respectively) (Figures 3A, 3C, 3E, and 3G). 
However, phosphorylation levels of p-MEK5 and p-ERK5 
were significantly decreased in the Model+NPWT+BIX 
group. Significant changes in the phosphorylation levels 
of p-MEK5 and p-ERK5 were also observed between the 
Model+Gauze+BIX and Model+Gauze groups (Figures 
3A, 3C, and 3E). This demonstrates that the ERK5 pathway 
inhibitor BIX02189 can significantly inhibit the MAPK/ERK5 
signaling pathway, whereas NPWT can activate it and its 
downstream factors.

Immunohistochemistry 
To validate the spatial regulation of NPWT on 

bone formation in the fracture area, this study used 
immunohistochemistry to detect OCN expression at the 
tissue level. Immunohistochemistry results showed that 
under 100× and 400× magnifications, a distinct brown OCN-
positive signal was visible in the fracture end tissue of the 
Model+NPWT group. In the Model+NPWT+BIX group, 
the intensity and distribution of OCN-positive signals were 
significantly lower than those in the NPWT group, further 
suggesting that activation of the ERK5 signaling pathway 
plays a key role in NPWT-induced osteogenesis (Figure 4). 
Immunohistochemical observations were consistent with the 
trends of qRT-PCR and Western blot assays, further confirming 
that NPWT enhances local bone formation by upregulating 
OCN expression, which is positively correlated with BMP-9 
expression.

Discussion
Fracture repair is a complex biological process 

involving the activation and regulation of multiple signaling 
pathways. In recent years, with the application of vacuum 
sealing drainage technology in clinical fracture treatment, its 
role in promoting bone repair has gradually attracted attention. 
Although studies have demonstrated a link between vacuum 
sealing and fracture healing,14,15 the related signaling pathways 
are rarely reported. This study aimed to establish an SD rat 
tibial fracture model and systematically explore whether 
NPWT promotes fracture healing by preferentially activating 
the MAPK/ERK5 signaling pathway, thereby regulating the 
expression of osteogenic factors BMP-9 and OCN.

BMP-9, a member of the TGF-β superfamily, is 
considered one of the factors with the greatest known osteogenic 
potential.16,17 It can not only effectively induce MSCs to 
differentiate into osteoblasts but also upregulate a variety of 
osteoblast-related genes, including Runx2, OCN, and ALP.7,18,19 
Park et al.20 reported that BMP-9 has a stronger osteogenic 
effect than BMP-2 and BMP-7, providing a theoretical basis for 
its application in bone tissue engineering and fracture repair. 
In this study, the results of PCR and Western blot showed that 
after negative pressure treatment of the fracture ends of rats, the 
expression of BMP-9 mRNA and protein levels in the callus 
tissue of the fracture ends was significantly higher than that in 
the gauze group and the blank group, and the difference was 

Figure. 3. Altered expression of MEK5, P-MEK5, ERK5, 
P-ERK5, NUR77, and P-NUR77 during fracture healing. (A) 
Representative Western blots showing the protein levels of 
MEK5, P-MEK5, ERK5, P-ERK5, NUR77, and P-NUR77 in 
each group. (B) Statistical analysis of MEK5 protein levels in 
each group. (C) Statistical analysis of P-MEK5 protein levels 
in each group. (D) Statistical analysis of ERK5 protein levels 
in each group. (E) Statistical analysis of P-ERK5 protein 
levels in each group. (F) Statistical analysis of NUR77 protein 
levels in each group. (G) Statistical analysis of P-NUR77 
protein levels in each group. The control group represents 
normal bone tissue from rats without fractures and is used 
only for normalization analysis and is not shown in the 
statistical analysis graphs.*P<0.05, **P<0.01, ***P<0.001, 
****P<0.0001.

Figure. 4. Histological changes in each group. At 100× and 
400× magnification, distinct brown OCN-positive signals 
were observed in the fracture tissue of the Model+NPWT 
group, widely distributed in the newly formed trabeculae and 
callus areas (red frame). Scale bar, 50 µm.



37H. Wang et al. / International Journal of Biomedicine 16(1) (2026) 33-40

statistically significant. This demonstrates that the osteogenic 
potential of the fracture ends was significantly enhanced after 
NPWT treatment, thereby improving the fracture-healing 
microenvironment and promoting fracture healing.

It is worth noting that BMP-9 promotes callus formation, 
osteoblast maturation, and trabecular reconstruction, as well as 
ectopic bone formation and angiogenesis.12,23-25 In this study, 
a complete fracture model was used. Under the conditions 
of bone-end contact and periosteum retention, the function 
of BMP-9 is more reflected in regulating the activity and 
differentiation level of osteoblasts in the fracture area. This 
expression background under this physiological environment 
enables us to more accurately evaluate the role of BMP-9 in 
the natural process of fracture repair. NPWT, as a non-drug, 
exogenous factor-free, physiological stimulation method, 
induces BMP-9 expression, suggesting that this technology 
may intervene in the molecular chain of bone repair by 
activating endogenous factors. Our results confirmed that 
NPWT preferentially promotes BMP-9 overexpression and 
thereby enhances fracture healing. The plasma concentration 
of ALP is a biochemical indicator of bone formation, and 
its changes are the core biomarkers of bone formation and 
mineralization during fracture healing.21 The study by Moss et 
al.22 showed that ALP activity began to increase significantly 
2 weeks after surgery, indicating enhanced osteoblast activity 
and the initiation of mineralization. In this study, ALP activity 
was consistent with that of BMP-9. At 2 weeks, RNA and 
protein levels in the negative-pressure group were significantly 
higher than those in other groups, demonstrating that negative 
pressure enhances osteoblast activity and accelerates bone 
formation. In this study, immunohistochemical results also 
confirmed that the callus tissue content in the negative pressure 
group was significantly higher than in the gauze and blank 
groups, indicating that negative pressure enhances osteoblast 
activity. 

Osteogenesis is an essential stage in fracture healing. 
OCN, as a marker of osteogenic transformation, is widely 
used to reflect the degree of bone formation and mineralization 
activity.26-29 Zhang et al.30 observed in a mouse ectopic 
osteogenesis model that OCN expression was strong in BMP-
9-induced bone-like tissue and was positively correlated 
with new bone density. Studies have shown that BMP-9 can 
not only regulate early osteogenic genes such as Runx2 and 
COL1A1, but also significantly upregulate OCN expression, 
thereby promoting osteoblast maturation and bone matrix 
calcification.20,31,32 In this experiment, immunohistochemical 
OCN-positive staining in the NPWT group was significantly 
enhanced, indicating accelerated local bone formation. At 
the same time, the mRNA and protein expression of OCN 
in the callus of the negative pressure group was significantly 
higher than that in the gauze group and the blank group. This 
shows that NPWT can significantly increase OCN expression, 
promoting osteoblast maturation and accelerating bone 
formation and fracture healing. On the other hand, OCN 
expression in the negative pressure group showed a positive 
correlation with BMP-9, indicating that the significantly 
elevated OCN expression and the promotion of osteoblast 
maturation and fracture healing were inseparable from BMP-9 

regulation. It also showed that negative pressure preferentially 
activated BMP-9 to participate in fracture repair, while 
regulating OCN to promote the conversion of bone tissue into 
osteoblasts, thereby accelerating fracture healing.

Although negative pressure can preferentially mobilize 
BMP-9 to the fracture site, the underlying molecular mechanism 
remains unclear. Studies have shown that the transduction 
and expression of BMP-9 are regulated by multiple signaling 
pathways, including the canonical Smad-dependent pathway 
and the non-canonical MAPK pathway. 10,33-36 Among these, 
the MAPK/ERK5 pathway has recently been shown to play 
an essential role in the early stages of bone formation. Studies 
have shown that MEK5 activation of ERK5 can promote the 
expression of osteogenic transcription factors such as MEF2C 
and c-Fos, thereby regulating the activity of downstream 
osteogenic factor genes.37-39 MEK5, as its upstream kinase, 
can specifically phosphorylate and activate ERK5, thereby 
controlling the transcriptional activity of its target transcription 
factors. In this study, immunohistochemistry showed that after 
negative-pressure treatment of the fracture ends, the protein 
expression levels of ERK5 and MEK5 in the NPWT group 
were significantly higher than those in the gauze and blank 
groups. At the same time, the expression of p-MEK5 and 
p-ERK5 was significantly upregulated in the Model+NPWT 
group, indicating that negative pressure preferentially 
activates the MAPK/ERK5 signaling pathway and promotes 
ERK5 phosphorylation.

In addition, ERK5 signaling plays a unique role in 
osteogenesis regulation. Under BMP-9 stimulation, activation 
of the ERK5 pathway can significantly enhance the expression 
of transcription factors such as Runx2 and Osterix, thereby 
driving MSC differentiation into mature osteoblasts.40-43 In 
this study, we found that BMP-9 increased significantly after 
negative pressure treatment, proving that it has activated 
ERK5 signaling and thereby increased the overexpression of 
downstream factors. At the same time, MEK5, ERK5, BMP-9, 
and OCN in the negative pressure group + inhibitor group were 
significantly higher than those in the gauze+inhibitor group, 
demonstrating that BMP-9 stimulates ERK5 signaling and 
increases the overexpression of osteogenesis-related factors, 
thereby promoting fracture healing. It also showed that NPWT 
promotes the overexpression of ERK5 and MEK5, suggesting 
that this intervention may integrate the BMP-9 regulatory 
chain with ERK5 as the hub.

The therapeutic effect of NPWT in fracture healing 
stems not only from its fluid- drainage and decompression 
functions, but also from the activation of cellular mechanical 
signaling through micro-negative-pressure mechanical 
stimulation and the tension environment it creates. Multiple 
studies 5,44,45 have shown that NPWT can regulate local tissue 
stress distribution and cytosol circulation, thereby activating 
mechanosensitive elements (such as integrins, FAK, and YAP/
TAZ) in osteoblasts and endothelial cells, and upregulating 
the expression of a series of osteogenesis-related signaling 
molecules. The MAPK/ERK family itself is a core component 
of the mechanical stimulation response pathway and is highly 
activated under stressful environments, which is consistent 
with the mechanical stimulation by negative pressure. This 
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may also be related to the preferential activation of the 
MAPK/ERK signaling pathway by negative pressure. Wen et 
al.46  showed that cyclic tensile stress can significantly enhance 
ERK5 phosphorylation in MSCs and induce the expression 
of bone-specific markers. In this study, we observed that the 
expression levels of ERK5 and MEK5 in the NPWT group 
were significantly higher than those in the other 3 groups, 
suggesting that the ERK5/MEK5 signaling pathway may 
respond to the mechanical stimulation of negative pressure 
and the stress signals induced by stretching, thereby activating 
the signaling pathway and regulating related factors.

In summary, this study, based on an SD rat fracture 
model, systematically demonstrated for the first time that 
NPWT may enhance the osteogenic response at the fracture 
site by activating the MAPK/ERK5 signaling pathway and 
upregulating BMP-9 and OCN expression. This mechanism 
was validated through multiple experimental approaches, 
including changes in mRNA expression and protein levels, 
as well as enhanced OCN expression at the tissue level, 
establishing a complete chain of evidence from signaling to 
functional manifestation. If this strategy is combined with 
NPWT, it may open new therapeutic avenues for patients at 
high risk of severe fractures, nonunion, and bone infections.
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Abstract
Background: Total gastrectomy remains a key component of gastric cancer treatment, and the method used to construct the 
esophagojejunostomy may influence long-term functional outcomes and quality of life. Evidence comparing hand-sewn and 
mechanical anastomoses in this context remains inconsistent. This retrospective study aimed to evaluate and compare long-
term functional outcomes and quality of life in patients undergoing total gastrectomy with either hand-sewn or mechanical 
esophagojejunostomy. 
Methods and Results: The study included 153 patients who underwent total gastrectomy for histologically confirmed gastric 
adenocarcinoma. Patients were divided into two groups based on the anastomotic technique: mechanical circular stapler or 
hand-sewn anastomosis (according to a patented method). Long-term outcomes were evaluated 12 months postoperatively using 
EORTC QLQ-C30 and QLQ-STO22 questionnaires, along with endoscopic assessment of reflux esophagitis using the Los Angeles 
classification. Postoperative complications were graded according to the Clavien–Dindo classification. 
Both groups demonstrated comparable short-term postoperative outcomes and similar complication rates according to the Clavien–
Dindo classification. However, patients with a hand-sewn anastomosis showed significantly better long-term quality-of-life scores 
(EORTC QLQ-C30, QLQ-STO22), including higher functional domain scores and lower scores for reflux, pain, nausea, and dietary 
restriction. Endoscopic assessment revealed no significant differences in esophagitis prevalence or severity between groups. 
Conclusion: While mechanical anastomosis offers advantages in operative duration and blood loss, the hand-sewn technique 
provides superior long-term functional outcomes and quality-of-life benefits. These findings support the consideration of hand-sewn 
esophagojejunostomy in clinical settings where long-term recovery and patient-reported outcomes are prioritized.(International 
Journal of Biomedicine. 2026;16(1):41-45.)
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Introduction
Gastric cancer remains one of the leading causes of 

cancer-related mortality worldwide, ranking fifth in incidence 
and fourth in mortality among malignant tumors.1 Despite a 
decline in incidence in several countries, the prognosis for 
advanced-stage disease remains unfavorable.2 In Russia, 
gastric cancer consistently ranks among the ten most common 

oncological diseases.3 Surgical treatment remains the main 
and essential component of multimodal therapy, providing 
acceptable long-term oncological outcomes. One of the 
radical treatment options is total gastrectomy. A crucial aspect 
of gastrectomy is the creation of the esophagojejunostomy, 
whose technique and reliability determine both early surgical 
outcomes and long-term functional results.2 The use of 
mechanical stapling devices has standardized techniques and 
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reduced operative time. However, the discussion regarding 
the advantages of the hand-sewn technique versus mechanical 
anastomosis remains open, particularly with respect to long-
term quality-of-life outcomes.4 This study aimed to evaluate 
and compare long-term functional outcomes and quality of 
life in patients undergoing total gastrectomy with either hand-
sewn or mechanical esophagojejunostomy. 

Materials and Methods
The retrospective study of total gastrectomy was 

conducted in 153 patients at the Ulyanovsk Regional Clinical 
Oncology Dispensary from 01.01.2019 to 01.09.2025. 

The study included patients with morphologically 
confirmed gastric adenocarcinoma who underwent total 
gastrectomy, were aged 18 to 85 years, had no distant metastases, 
and had provided written informed consent. Exclusion criteria: 
patients who underwent emergency surgery, had high anesthetic 
risk (ASA IV–V), had a history of prior gastric surgery, or 
refused to participate. 

Patients were divided into two groups based on the method 
of esophagojejunostomy formation: mechanical (using a circular 
stapler) (Group 1) and hand-sewn (Grpip 2), as described in the 
proposed technique. An esophagojejunostomy using a mechanical 
circular stapler was performed according to standard technique. 
After preparation of the Roux limb, a jejunojejunostomy was 
performed; the limb was passed through an avascular window 
in the transverse mesocolon, and the esophagojejunostomy 
was created with a circular stapler. The staple line was 
additionally reinforced with 4–5 interrupted esophagojejunal 
sutures using PDS 3-0. The hand-sewn esophagojejunostomy 
was formed using the authors’ patented technique (Russian 
Federation).5 An absorbable braided PGA 3-0 suture (MiM, 
Russia) with an atraumatic needle was used as follows: 
After completing a gastrectomy and D2 lymphadenectomy, a 
Roux limb was created to restore gastrointestinal continuity. 
The jejunal loop was transected 20–25 cm distal to the ligament 
of Treitz. A mobile Roux limb 60 cm in length was formed 
according to anatomical considerations. After choosing the 
appropriate length, a side-to-side jejunojejunostomy was 
created. During the transection of the stomach from the 
esophagus, a Satinsky clamp was applied to the esophagus. The 
esophagus was transected in stages (adventitia/muscular layer, 
followed by submucosal–mucosal layer) under the clamp. Two 
fixation sutures were placed on the blind end of the jejunum 
2–3 cm from the edge, approximating the loop to the lateral 
surfaces of the esophagus. A small enterotomy (5–7 mm) 
was created 3–4 mm from the first suture line. The posterior 
wall was created with a row of five full-thickness interrupted 
sutures oriented “mucosa to mucosa.” Two “transition” 
stitches were then placed at the junction of the posterior and 
anterior lips, with needle entry and exit from the mucosal 
side of the jejunum and the esophagus. The anterior wall was 
constructed with seromuscular interrupted sutures: entry from 
the serosal side of the jejunum, then through the esophageal 
mucosa near its edge, and cranially exiting onto the adventitia. 
The final step was invagination of the anastomotic line using 
“saddle-shaped” P-sutures: needle entry from the serosa 

of the jejunum, perpendicularly engaging the esophageal 
adventitia, and a third needle entry again through the 
serosa of the jejunum. As a result, the first row of anterior 
interrupted sutures was buried beneath the row of P-sutures. 
Assessment of long-term outcomes.

The primary endpoint was quality of life at 12 months, 
assessed using the EORTC QLQ-C30 and QLQ-STO22 
questionnaires.

Secondary endpoints included postoperative 
complications (Clavien–Dindo classification) and endoscopic 
findings according to the Los Angeles classification (at 12 
months).

 Statistical analysis was performed using R version 
4.2.2 and StatTech v. 4.1.2 (StatTech LLC, Russia). Baseline 
characteristics were summarized as frequencies and percentages 
for categorical variables and mean±standard deviation (SD) 
for continuous variables. Means of 2 continuous normally 
distributed variables were compared by an independent samples 
Student's t-test. The frequencies of categorical variables were 
compared using the chi-square test or Fisher's exact test 
(2-tailed), when appropriate. A value of P <0.05 was considered 
significant.

Results
A comparative analysis of clinical and demographic 

characteristics, as well as intraoperative data, for patients 
with mechanical and hand-sewn esophagojejunostomies 
is presented in Table 1. When comparing the two groups, 
statistically significant differences were identified in operative 
duration (185.3±24.7 min vs. 224.8±29.4 min, P<0.001), 
blood loss (281.5±78.2 mL vs. 318.7±88.9 mL, P=0.007), 
and anastomosis formation time (18.2±4.8 min vs. 34.7±7.9 
min, P<0.001), indicating the advantages of the mechanical 
technique. The rate of anastomotic leakage was higher in the 
mechanical group (3.8% vs. 0%). However, the difference did 
not reach statistical significance (P=0.246).

The frequency and pattern of complications according 
to the Clavien–Dindo classification did not differ significantly 
between the groups (Table 2). Most patients in both cohorts 
experienced no postoperative complications.

Quality-of-life indicators in patients after gastrectomy 
differed significantly between those who received a mechanical 
and those who received a hand-sewn anastomosis (Table 3). 
Patients in the hand-sewn anastomosis group demonstrated 
higher levels of physical and role functioning, as well as better 
overall quality of life. In addition, these patients experienced 
significantly lower rates of nausea/vomiting and pain. To 
assess specific symptoms related to the disease and surgical 
intervention, the EORTC QLQ-STO22 module was used. A 
comparative analysis of the indicators in the mechanical and 
hand-sewn anastomosis groups is presented in Table 4.

Patients with a hand-sewn anastomosis demonstrated 
significantly lower levels of dysphagia, reflux symptoms, 
dietary restrictions, and pain, which reflects a more favorable 
long-term quality of life. The incidence of esophagitis 
according to the Los Angeles classification in the long-term 
follow-up period is presented in Table 5.



43E. A. Тoneev et al. / International Journal of Biomedicine 16(1) (2026) 41-45

Table 1. 
Clinical and demographic characteristics.

Parameter Group1 (n=79) Group 2 (n=74) P-value

Age, years (M±SD) 66.5±12.8 61.8±12.2 0.021

Sex Male, n (%) 59 (74.7%) 48 (64.9%)
0.218

Female, n (%) 27 (34.2%) 26 (35.1%)

The ASA physical status classification
system

I, n (%) 8 (10.1%) 6 (8.1%)
0.782

II–III, n (%) 71 (89.9%) 68 (91.9%)

Diabetes mellitus, n (%) 12 (15.2%) 6 (8.1%) 0.214

Ischemic heart disease, n (%) 28 (35.4%) 20 (27.0%) 0.298

Hypertension, n (%) 52 (65.8%) 43 (58.1%) 0.405

Charlson index (M±SD) 2.0±0.7 1.8±0.4 0.031

BMI (M±SD) 27.8±5.0 26.1±4.6 0.030

Tumor location, 
n (%)

Distal part 32 (40.5%) 37 (50.0%)

0,488Body 18 (22.8%) 15 (20.3%)

Cardia (Siewert III) 29 (36.7%) 22 (29.7%)

T stage, n (%)

T1 8 (10,1%) T1 3 (4.1%)

0.401

T2 9 (11,4%) T2 4 (5.4%)

T3a 25 (31,6%) T3a 28 (37.8%)

T3b 16 (20,3%) T3b 21 (28.4%)

T4a 12 (15,2%) T4a 10 (13.5%)

T4b 9 (11,4%) T4b 8 (10.8%)

N stage, n (%)

N0 28 (35.4%) N0 30 (40.5%)

0.341
N1 18 (22.8%) N1 22 (29.7%)

N2 27 (34.2%) N2 20 (27.0%)

N3 6 (7.6%) N3 2 (2.7%)

M stage, n M0 79 (100%) M0 74 (100%)
1.000

M1 0 (0%) M1 0 (0%)

Completed 4 cycles of neoadjuvant chemotherapy, n (%) 62 (78.5%) 65 (87.8%) 0.137

Operation time, min (M±SD) 185.3±24.7 224.8±29.4 <0.001

Blood loss. mL (M±SD) 281.5±78.2 318.7±88.9 0.007

Anastomosis time, min (M±SD) 18.2±4.8 34.7±7.9 <0.001

Anastomotic leakage, n (%) 3 (3.8%) 0 (0%) 0.246

Table 2. 
Complications according to the Clavien–Dindo classification.

Grade Group 1 
(n=79)

Group 2
 (n=74) P-value

Grade 0–I 61 (77.2%) 56 (75.7%) 0.851
Grade II 12 (15.2%) 10 (13.5%) 0.821
Grade IIIA 2 (2.53%) 3 (4.05%) 0.673
Grade IIIB 1 (1.27%) 2 (2.70%) 0.610
Grade IVA 0 (0.0%) 2 (2.70%) 0.232
Grade IVB 1 (1.27%) 0 (0.0%) 1.000
Grade V 2 (2.53%) 1 (1.35%) 1.000

Table 3. 
Quality of life according to the EORTC QLQ-C30 at 12 months 
after surgery.

Scale Group 1
 (n=42)

Group 2
  (n=38) P-value

Physical functioning 76.8±15.1 82.3±13.5 0.024

Role functioning 73.2±18.4 79.8±16.7 0.041

Global quality of life 70.9±17.4 77.1±15.6 0.034

Nausea/vomiting 26.2±12.5 19.7±10.8 0.002

Pain 23.4±10.2 17.9±8.7 0.001
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No statistically significant differences were found 
between the groups in terms of the frequency or severity of 
esophagitis. Most patients in both groups showed no signs of 
esophagitis, and clinically significant changes (grades C-D) 
were observed only in a small number of cases.

Discussion
The results of the present study demonstrate that long-

term quality-of-life outcomes after gastrectomy in patients with 
gastric cancer are no less important than the immediate surgical 
results.6,7 A comparative analysis of clinical and demographic 
characteristics confirmed comparability between the groups on 
key parameters (age, sex, functional status), thereby excluding 
the influence of systematic differences on the results. At the 
same time, the use of mechanical anastomosis was associated 
with a statistically significant reduction in operative time and 
intraoperative blood loss, consistent with results reported by 
other authors.8,9 These advantages make stapling technologies 
convenient for surgeons, as they are highly reproducible and 
reduce operative trauma; however, their impact on long-term 
outcomes remains a matter of debate.10

Analysis of complications according to the Clavien-
Dindo classification showed no statistically significant 
differences between the groups.11 The rate of severe 
complications was low, which is consistent with international 
data.12,13 Russian publications also emphasize that the surgical 
center’s experience and standardized technique are key factors 
in reducing postoperative mortality.14 Nevertheless, studies 
report statistically significantly higher complication rates in 
the hand-sewn anastomosis group.15

Currently, quality of life is considered an important 
indicator of treatment effectiveness. Great attention is paid to 
this aspect to improve patient well-being, functional capacity, 
and overall quality of life. Standardized questionnaires allow 
direct comparison of treatment outcomes across different 
surgical centers and techniques.16 The differences observed in 
the EORTC QLQ-C30 domains in our study are consistent with 
findings reported by other authors: the severity of symptoms 
and subjective outcomes after gastrectomy significantly 
depend on the type of reconstruction and the anatomical 
configuration of the anastomosis. In several variants, more 
frequently stapled ones, more pronounced gastrointestinal 
symptoms (reflux, discomfort) have been described, whereas 
global functional indicators may remain comparable.17 This 
confirms that the technical simplicity of a procedure is not 
always associated with better subjective outcomes.

The QLQ-STO22 results further clarified the picture, 
demonstrating statistically more severe reflux symptoms 
and dietary restrictions in patients with mechanical 
anastomosis.18,19 Endoscopic evaluation using the Los Angeles 
classification revealed a low incidence of severe esophagitis, 
with no significant differences between the groups. However, 
the correlation between endoscopic findings and questionnaire 
results (QLQ-STO22) suggests that functional disorders 
(dysphagia, reflux symptoms, and others) may have greater 
clinical significance for the patient than morphological 
changes. This observation is also reflected in several Russian 
and international publications.20-24 The use of multiple 
questionnaires to assess subjective patient-reported outcomes, 
combined with instrumental diagnostic methods such as upper 
endoscopy, enables a comprehensive evaluation of quality 
of life and ultimately provides a complete picture of the 
effectiveness of the proposed anastomotic technique.

Thus, the results of the study demonstrate that the 
choice of anastomosis technique affects long-term functional 
outcomes. The hand-sewn technique showed better quality-of-
life indicators, as assessed by both subjective and objective 
methods, making it preferable when long-term outcomes are 
prioritized, namely, a minimal risk of anastomosis-related 
complications, including anastomotic leakage and reflux 
esophagitis. At the same time, mechanical anastomosis 
remains valuable due to reduced operative time and blood loss, 
which may be critically important for frail patients. In clinical 
practice, the choice of technique should be determined not 
only by the surgical center’s technical capabilities but also by 
the anticipated impact on long-term quality-of-life outcomes.

In conclusion, when comparing hand-sewn and 
mechanical methods of anastomosis formation, both 
demonstrated comparable early postoperative outcomes; 
however, in the long-term period, the hand-sewn method 
provides superior quality of life.

Ethical Statement
The study was performed in accordance with the 

principles of the Declaration of Helsinki and approved by the 
local ethics committee (No. 12, dated 10.01.2025). All patients 
signed informed consent for the procedure.

Table 4.
Quality of life according to the EORTC QLQ-STO22 at 12 months 
after surgery.

Scale Group 1 
(n=42)

Group 2
 (n=38) P-value

Reflux symptoms 21.4±10.7 14.6±8.3 0.002

Dietary restrictions 24.3±12.8 18.9±10.4 0.043

Specific pain 20.1±10.3 15.7±8.9 0.045

Table 5.
Endoscopic assessment according to the Los Angeles classification.

Esophagitis grade Group 1 
(n=70)

Group 2
(n=68) P-value

N (normal) 48 (68.6%) 41 (60.3%) 0.212

A (mild) 12 (17.1%) 15 (22.1%) 0.386

B (moderate) 6 (8.6%) 8 (11.8%) 0.532

C (severe) 3 (4.3%) 3 (4.4%) 0.988

D (very severe) 1 (1.4%) 1 (1.5%) 0.973

Any A–D 22 (31.4%) 27 (39.7%) 0.212

Clinically significant (C–D) 4 (5.7%) 4 (5.9%) 0.974
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Abstract
Background: This meta-analysis aimed to assess the clinical efficacy and safety of PD-1 inhibitor-based treatment in advanced 
cervical cancer patients.
Methods and Results: PubMed and Web of Science were systematically searched for relevant studies. This meta-analysis 
comprises 14 studies involving 1504 patients. The pooled results of ORR (objective response rate) and DCR (disease control 
rate) are as follows, respectively: 1) 16% and 53% in patients who were treated with a PD-1 inhibitor; 2) 26% and 56% in patients 
who were treated with a PD-1 plus a CTLA-4 inhibitor; 3) 68% and 92% in patients who were treated with a PD-1 inhibitor plus 
an antiangiogenic agent. Patients treated with a PD-1 inhibitor, a PD-1 inhibitor plus an antiangiogenic agent, or single-agent 
pembrolizumab experienced ≥ grade 3 adverse events at rates of 21%, 50%, and 10%, respectively. 
Conclusion: Although the therapeutic efficacy of a PD-1 inhibitor plus an antiangiogenic agent is superior to PD-1 inhibitor 
monotherapy or the combination of a PD-1 and CTLA-4 inhibitor, this combination is more toxic than other treatment strategies. 
Further evidence from large-scale randomized controlled trials is needed to validate the current results.(International Journal 
of Biomedicine. 2026;16(1):46-52.)
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Introduction
Cervical cancer remains a major public health problem in 

women. Increasing rates of human papillomavirus prophylactic 
vaccination and well-organized screening programs in recent 
years have led to a decline in the incidence and mortality of 
cervical cancer. However, globally, many women lack access 
to screening programs, prophylactic vaccines, and high-
quality interventional treatments when required.1

For cervical cancer, different stages have different 
treatment options. Early-stage cervical cancer may be cured 

by surgery with tailored adjuvant therapy. Although treatment 
strategies have continuously evolved over the past several 
years, the treatment choice for locally advanced cancer is quite 
limited, and the prognosis of recurrence or advanced cervical 
cancer remains dismal.2 In this scenario, immunotherapy 
has attracted significant attention as a potential strategy to 
improve clinical outcomes of recurrence or advanced cervical 
cancer. Pembrolizumab was approved for the treatment of PD-
L1-positive, persistent, recurrent, or advanced cervical cancer 
in 2020.3

To date, multiple clinical trials have been conducted to 
investigate the effect of PD-1 inhibitor-based immunotherapy 
in advanced cervical cancer, and some have reported final or 
midterm results.4,5 There is still a lack of supported evidence *Corresponding author: Xiuying Li, e-mail: Xiuyingli2013@kust.edu.cn

mailto:Xiuyingli2013@kust.edu.cn
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that PD-1 inhibitor-based immunotherapy in advanced cervical 
cancer is effective and safe. Therefore, we conducted this meta-
analysis of existing studies to assess the efficacy and safety of 
PD-1 inhibitor-based immunotherapy in patients with advanced 
cervical cancer.

Patients and Methods
Study Strategy 

All relevant studies published before 12 Mar 2025 were 
identified through the electronic databases PubMed and Web 
of Science. The following terms were used as the specific 
search strategy: cervical and (serplulimab or balstilimab or 
pembrolizumab or camrelizumab or sintilimab or nivolumab 
or cemiplimab or PD-1 or immune checkpoint inhibitor) and 
(neoplasia or tumor or malignancy or cancer or carcinoma or 
neoplasm) and patients. Additionally, the reference lists of 
relevant articles were manually examined to identify further 
potentially relevant studies. 
Inclusion and Exclusion Criteria 

The inclusion criteria were as follows: 1) The association 
between PD-1 inhibitor-based immunotherapy and efficacy/
safety was investigated in prospective clinical studies or 
retrospective studies; 2) Sample size was greater than or equal to 
20 patients; 3) The included patients confirmed with advanced/
persistent/recurrent/metastatic cervical cancer; 4) The patients 
were treated with PD-1 inhibitor, both single-agent therapy or 
in combination with other agents; 5) Studies reported outcome, 
such as either efficacy and/or safety end points, including the 
ORR (objective response rate), DCR (disease control rate), 
PFS (progression-free survival), OS (overall survival), and 
adverse events (AEs) with 95% confidence interval (CI) or 
data to calculate them; 6) Literature in English was considered. 
If authors published several studies using the same data, the 
comprehensive or most recent study was included. 

The exclusion criteria were as follows: 1) Meeting 
abstracts, case reports, letters, reviews, and comments; 2) 
Duplicated publications; 3) Studies lacked the necessary data 
for analysis; 4) Ongoing clinical trials for which the results 
have not been published; 5) Animal studies. 

Data Extraction
Two investigators independently extracted data from 

the eligible articles according to the inclusion and exclusion 
criteria. A consensus was achieved for any discrepancies 
through discussion. The extracted data included basic 
information, such as first author, publication year, sample size, 
age, disease status, study type, intervention, recruitment, case 
review period, data cutoff, and follow-up time.
Quality Assessment

We evaluated the quality of randomized controlled 
trials (RCTs) using the modified Jadad scale.6  Methodological 
Index for Non-Randomized Studies (MINORS) criteria are 
used to assess the quality of comparative and non-comparative 
studies.7  The retrospective studies without a comparison group 
were assessed by the JBI Critical Appraisal Checklist.8

Statistical analysis 
This meta-analysis was performed using Stata 12.0 (Stata 

Corporation). All results were reported as pooled RRs (risk 
ratios) and 95% CIs. The Cochran’s Q test 9 and Higgins’ I2 
statistic10 were applied to assess the heterogeneity among the 
included studies. The chi-square P-value ˃0.10 or I2 ˃50% 
suggested the existence of heterogeneity; a random-effect 
model was used; otherwise, the fixed-effect model was used. 
The effect size was reported as the 95% CI. Sensitivity analyses 
were performed to reflect the influence of individual data on the 
pooled results. Additionally, Begg’s and Egger’s tests were used 
to assess the potential publication bias of the enrolled studies. 
Values of P˂0.05 were considered statistically significant.

Results
Study Selection and Characteristics

Supplementary Figure 1 shows the literature screening 
process. One retrospective study11 and 13 prospective studies 
4,5,12-22 with 1504 patients were included in this meta-analysis. 
The study by Lorusso et al.22 included two cohorts by treatment; 
we treated this study as two reports in our analysis. The eligible 
studies were published from 2017 to 2025. The sample sizes 
ranged from 20 to 304. The general characteristics of each 
included study were described in Supplementary Table 1. 

Objective response rate Events No. of
studies

Pooled 
RR (95%CI) P Effects

model
Heterogeneity Publication bias

I2 (%) Ph Egger’s Begg’s
PD-1 inhibitor 1004 10 0.16 (0.14-0.18) 0.000 Random 88.4 0.000 0.210 0.391
PD-1 inhibitor plus
antiangiogenic agent 316 4 0.68 (0.63-0.73) 0.000 Random 87.0 0.000 0.089 0.025

PD-1 plus CTLA-4 inhibitor 180 2 0.26 (0.20-0.33) 0.000 Fixed 0.0 0.815 – –
Pembrolizumab 410 5 0.16 (0.13-0.15) 0.000 Random 93.3 0.000 0.086 0.419

Disease control rate
PD-1 inhibitor 945 9 0.53 (0.50-0.56) 0.000 Random 92.7 0.000 0.754 0.472
PD-1 inhibitor plus
antiangiogenic agent 316 4 0.92 (0.89-0.95) 0.000 Random 66.9 0.028 0.089 0.118

PD-1 plus CTLA-4 inhibitor 180 2 0.56 (0.48-0.63) 0.000 Fixed 0.0 0.613 – –
Pembrolizumab 351 4 0.50 (0.45-0.55) 0.000 Random 96.9 0.000 0.734 0.525
Nivolumab 45 2 0.56(0.17-0.94) 0.004 Random 87.8 0.004 – –

Table 1.
The clinical response.
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Quality Assessment  
Supplementary Table 2 indicates the quality assessment 

of included studies. The retrospective study was assessed using 
the JBI Critical Appraisal Checklist and included in this study. 
Ten single-arm studies were evaluated using the MINORS 
index and scored 13-15 points, which were acceptable for 
the present meta-analysis. According to the Jadad scale, the 
included RCT studies were of high quality.
Tumor Response 

The ORR and DCR were assessed according to 
Response Evaluation Criteria in Solid Tumors (RECIST 
version 1.1). ORR included CR (complete response) and PR 
(partial response). DCR included CR, PR, and SD (stable 
disease). The pooled results of ORR and DCR were as follows, 
respectively: 1) 16% and 53% in patients who were treated 
with PD-1 inhibitor; 2) 68% and 92% in patients who were 
treated with PD-1 inhibitor plus antiangiogenic agent; 3) 26% 
and 50% in patients who were treated with PD-1 plus CTLA-4 
inhibitor; 4) 16% and 56% in patient who were treated with 
single pembrolizumab (Figure 1b and Table 1).

Progression-Free Survival 
PFS was analyzed according to treatment agents. The 

pooled median PFS was 3.02 months in patients treated with 
a single PD-1 inhibitor, 2.91 months in patients treated with a 
single pembrolizumab, and 11.00 months in patients treated 
with a PD-1 inhibitor plus antiangiogenic agents (Table 2). 
Supplementary Table 3 shows the results of the pooled 6- and 
12-month PFS rates. 
Overall Survival  

OS was also analyzed according to treatment agents. 
The pooled median OS was 11.66 months in patients treated 
with a single-agent PD-1 inhibitor, and 11.48 months in 
patients treated with a single-agent pembrolizumab (Table 
2). The pooled 6- and 12-month OS rates are indicated in 
Supplementary Table 3. 
Safety 

The adverse events were graded according to the 
National Cancer Institute Common Terminology Criteria for 
Adverse Events. The results are indicated in Supplementary 
Table 4. 

Median PFS Events No. of
studies Pooled RR (95%CI) P Effects

model
Heterogeneity Publication bias

I2 (%) Ph Begg’s Egger’s
PD-1 inhibitor 456 5 3.02 (1.92-4.72) 0.000 Random 97.9 0.000 0.806 0.969
Pembrolizumab 351 4 2.91 (1.78-4.75) 0.000 Random 98.4 0.000 1.00 0.983
PD-1 inhibitor plus
antiangiogenic agent 268 3 11.0(7.82-15.47) 0.000 Random 50.9 0.131 1.000 0.837

Median OS
PD-1 inhibitor 665 5 11.66 (9.04-15.05) 0.000 Random 76.8 0.002 1.000 0.500
Pembrolizumab 351 4 11.48(7.84-16.81) 0.000 Random 81.7 0.001 1.000 0.387

Figure 1. Pooled results of objective response rate (ORR) (a). 1Patients were treated with a single anti-PD-1 antibody. 2Patients were treated 
with an anti-PD-1 antibody plus antiangiogenic agent. Pooled results of disease control rate (DCR) (b).1Patients were treated with a single anti-
PD-1 antibody. 2Patients were treated with an anti-PD-1 antibody plus antiangiogenic agent.

Table 2.
Median PFS and OS.
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Sensitivity Analysis and Publication Bias 
The sensitivity analysis was performed to assess the 

robustness of the results. For ORR (Supplementary Figure 2a) 
and DCR (Supplementary Figure 3a), the pooled results were 
not significantly affected by omitting trials one by one. This 
demonstrated that the results were robust and reliable.

To assess publication bias, funnel plots of studies 
reporting ORR (Supplementary Figure 2b) and DCR 
(Supplementary Figure 3b) were generated. Egger’s and 
Begg’s tests for ORR, DCR, PFS, OS, and AEs were 
performed to recognize publication bias in this study. No 
obvious publication bias was observed in the current study 
(Tables 1 and 2, Supplementary Tables 3 and 4). 

Discussion 
Cervical cancer is the most common female 

gynecological malignancy. Although about 90% of early-stage 
patients can be cured through proper therapeutic strategies, the 
treatment for the advanced-stage patients still faces challenges.1 
The introduction of immunotherapy has revolutionized the 
treatment landscape in cervical cancer.23 Study indicated that 
the expression level of PD-L1 in cervical cancer patients is 
relatively high, ranging from 34.4% to 96.0%, which suggests 
that cervical cancer patients can benefit from PD-1/PD-L1 
inhibitors.24 Nivolumab has been proven to have clinical 
activity in both PD-L1-positive and PD-L1-negative cervical 
cancer patients.5,25 

Several strategies have been investigated to improve the 
clinical efficacy of PD-1 inhibitors, including combining them 
with other agents. Studies have demonstrated that the ability 
of antigen presentation was increased after the blockade 
of cytotoxic T-lymphocyte associated protein 4 (CTLA-4) 
axis, resulting in an expanded cytotoxic T-cell response.26 

Due to limited efficacy as monotherapy, CTLA-4 inhibitors 
were combined with other regimens in clinical trials. The 
combination of PD-1 and CTLA-4 inhibitors has a synergist 
effect on the activation of the antitumor immune response.4,5 

Studies suggested that anti-angiogenic agents may exert an 
immunostimulatory effect in the tumor microenvironment 
through multiple mechanisms.27,28 

This meta-analysis systematically assessed the efficacy 
and safety of PD-1 inhibitor-based treatment in advanced 
cervical cancer. Thirteen clinical trials and one retrospective 
study, involving 1504 patients, were included. The results 
indicated that the clinical efficacy of a PD-1 inhibitor in 
combination with antiangiogenic agents was superior to PD-1 
inhibitor monotherapy or to the combination of PD-1 and 
CTLA-4 inhibitors. Still, the combination of a PD-1 inhibitor 
plus antiangiogenic agents was more toxic.

 Admittedly, our study has some limitations. First, the 
number of included studies was small, despite a comprehensive 
and systematic search of mainstream databases. Second, most 
of the studies included were non-controlled trials, and the 
sample sizes of some trials were limited; therefore, we cannot 
make a direct comparison to assess whether PD-1 inhibitor-
based treatment has advantages. Therefore, more clinical 
studies are needed to validate the current results.
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Author Year Age Study
type

Sample
size

Recruitment/
case review period Data cutoff Follow-up (months) Intervention

Marabelle A et al. 2020 61(55-68) phase II 75 Jan 15, 2016, to Jun 25, 2019 Jun 27, 2019 37.1 (IQR 35.0-38.3) Pembrolizumab
Chung HC et al. 2019 46(24-75) phase II 98 Jan27, 2016, to Aug 18, 2016 Jan 15, 2018 10.2(0.6-22.7) Pembrolizumab

O’Malley DM et al. 2022 50(24-76) phase II 125 Aug 27, 2018, to May 7, 2020 Apr 29, 2021 21(11.8-32.1) Balstilimab plus 
zalifrelimab

Xu Q et al. 2022 53(36-67) phase II 42 Dec 2019 to Dec 2020 Jul 13, 2021 10.9 (0.03-19.2) Sintilimab plus 
anlotinib

O’Malley DM et al. 2021 53(25-81) phase II 161 Nov 20, 2017, to Apr 16, 2020 Feb 11, 2021 14.6(9.9-38.8) Balstilimab
Choi MC, et al. 2020 53(28-79) retrospective 117 Jan 2016 to March 2020 31 Mar, 2020 4.9 (0.2–35.3) Pembrolizumab
Frenel JS et al. 2017 42(26-62) phase Ib 24 NA NA 11.0(1.3-32.2) Pembrolizumab

Zhao YY et al. 2023 53(20-81) phase Ib 55 March 2020 to July 2021 Mar 31, 2021 89.5 PSB205 
(QL1706)

Santin AD et al. 2020 45 phase II 25 May 2015 to June 2016 NA 32 (2-41.5) Nivolumab
Tamura K et al. 2019 50(32-68) phase II 20 NA Aug 18, 2017 8.6 (1.4-13.7) Nivolumab
Oaknin A et al. 2025 18.2(6.0-38.2) phase III 304 Jul 2017 to Aug2020 Apr 20, 2023 47.3 Cemiplimab
Xia L et al. 2023 51 (31-75) phase II 105 Jun 11, 2020, to Apr 29, 2021 Apr 29, 2022 16.9 (6.3-18.4) Zimberelimab
Lorusso D et al.
(1a) 2025 52.5 (30-82) phase III 112 Nov 20, 2018, to Jan 31, 2020 Oct 3, 2022 39.1 (32.1-46.5) Pembrolizumab

Lorusso D et al. 
(1b) 2025 51 (25-82) phase III 196 Nov 20, 2018, to Jan 31, 2020 Oct 3, 2022 39.1 (32.1-46.5) Pembrolizumab 

plus bevacizumab

Lan C et al. 2024 51 (33-67) phase II 45 Jan 21 to Aug 2019 Jul 31, 2023 NA Camrelizumab 
plus apatinib

Supplementary Table 1.
The characteristics of all included studies.

Supplementary Figure 3. Sensitivity analysis and publication bias. 
(a) Sensitivity analysis for DCR. (b) Funnel plot of DCR.

Supplementary Figure 2. Sensitivity analysis and publication bias. 
(a) Sensitivity analysis for ORR. (b) Funnel plot of ORR.

          Supplementary Figure 1. Flow chart of the study selection process.

Supplementary Material
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6-month rate of PFS Events No. of
studies Pooled RR (95%CI) P Effects 

model
Heterogeneity Publication bias

I2 (%) Ph Begg’s Egger’s
Pembrolizumab 239 3 0.27 (0.21-0.32) 0.000 Fixed 0.0 0.579 0.296 0.480
6-month rate of OS
PD-1 inhibitor 259 4 0.66 (0.45-0.87) 0.000 Random 92.0 0.000 0.734 0.668
Pembrolizumab 239 3 0.61 (0.36-0.85) 0.000 Random 93.3 0.000 1.000 0.943
12-month rate of PFS
PD-1 inhibitor 246 3 0.16(0.11-0.20) 0.000 Random 87.9 0.000 1.000 0.818
12-month rate of OS
PD-1 inhibitor 227 3 0.49(0.42-0.55) 0.000 Random 69.9 0.036 1.000 0.731
PD-1 inhibitor plus antiangiogenic agent 72 2 0.67(0.57-0.78) 0.000 Random 58.6 0.120 – –

Supplementary Table 3.
6-month and 12-month rates of PFS and OS

Supplementary Table 4.
Treatment-related adverse events (AEs).

Treatment Events No. of 
studies Pooled RR (95%CI) P Effects

model
Heterogeneity Publication bias

I2 (%) Ph Egger’s Begg’s
PD-1 inhibitor 947 10 0.21(0.19-0.23) 0.000 Random 97.6 0.000 0.089 0.595
PD-1 inhibitor plus angiogenesis 779 4 0.50(0.47-0.53) 0.000 Random 98.7 0.000 0.734 0.408
Pembrolizumab 281 4 0.10(0.06-0.13) 0.000 Fixed 43.7 0.148 0.089 0.056

          

JBI Critical Appraisal Checklist for included retrospective study
Study Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Overall appraisal
Choi MC et al. (2020) yes yes yes unclear yes yes yes yes yes yes included
B. MINORS index for included non-randomized studies
Study Ⅰ Ⅱ Ⅲ Ⅳ Ⅴ Ⅵ Ⅶ Ⅷ Total
Marabelle A et al. (2020) 2 1 2 2 2 2 0 2 13
Lan CY et al. (2020) 2 1 2 2 2 2 2 2 15
O’Malley DM et al. (2022) 2 1 2 2 2 2 0 2 13
Tamura K et al. (2019) 2 1 2 2 2 2 2 2 15
Chung HC et al. (2019) 2 1 2 2 2 2 2 2 15
Xu Qet al. (2022) 2 1 2 2 1 2 2 2 14
Zhao YY et al. (2023) 2 1 2 2 1 2 2 2 14
O’Malley DM et al. (2021) 2 1 2 2 2 2 2 2 15
Santin AD et al. (2020) 2 1 2 2 1 2 2 2 14
Frenel JS et al. (2017) 2 1 2 2 1 2 2 2 14
Xia LF et al. (2023) 2 1 2 2 2 2 0 2 13
Lan CY et al. (2024) 2 1 2 2 1 2 2 14
Jadad scale for included RCT study

Study Randomization Concealment of
allocation Double blinding Withdrawals and

dropouts Quality grade

Tewari KS et al. (2022) 2 2 1 2 7
Oaknin A et al. (2025) 2 2 1 2 7
Lorusso D et al. (2024) 2 2 2 2 8

Numbers I-Ⅷ in the heading signify: Ⅰ, a clearly stated aim; Ⅱ, inclusion of consecutive patients; Ⅲ, prospective collection of data; Ⅳ, endpoints 
appropriate to the aim of the study; Ⅴ, unbiased assessment of the study endpoint; Ⅵ, follow-up period appropriate to the aim of the study; Ⅶ, loss 
of follow up less than 5%; Ⅷ, prospective calculation of the study size. 
Numbers Q1-Q10 in the heading signify: Q1: Were there clear criteria for inclusion in the case series? Q2: Was the condition measured in a 
standard, reliable way for all participants included in the case series? Q3: Were valid methods used for the identification of the condition for all 
participants included in the case series?  Q4: Did the case series have consecutive inclusion of participants? Q5: Did the case series have complete 
inclusion of participants? Q6: Was there transparent reporting of the demographics of the participants in the study? Q7: Was there transparent 
reporting of clinical information of the participants? Q8, were the outcomes or follow-up results of cases clearly reported? 
Q9: Was there transparent reporting of the presenting site(s)/clinic(s) demographic information? Q10: Was the statistical analysis appropriate?

Supplementary Table 2.
Quality assessment. 
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Abstract
Background. Triple-negative breast cancer (TNBC) is characterized by pronounced biological heterogeneity and variable 
sensitivity to neoadjuvant chemotherapy, underscoring the need for additional diagnostic and predictive biomarkers. TRPS1, 
a GATA family transcription factor, has been identified as a highly sensitive marker of mammary differentiation; however, its 
clinical relevance in TNBC remains insufficiently explored.
Methods and Results. The aim of this study was to evaluate TRPS1 expression in TNBC and to assess its association with 
clinicopathological features, stromal tumor-infiltrating lymphocytes, and the efficacy of neoadjuvant chemotherapy. This single-
center retrospective study included 54 patients with invasive TNBC treated with neoadjuvant chemotherapy. TRPS1 expression 
was assessed by immunohistochemistry using an H-score-based approach. Stromal tumor-infiltrating lymphocytes were evaluated 
on hematoxylin and eosin-stained tumor slides. Response to neoadjuvant chemotherapy was assessed by the rate of pathological 
complete response and the Residual Cancer Burden classification.  High TRPS1 expression was detected in 53.7% of cases and 
was associated with a significantly higher pathological complete response rate (51.7% vs. 20.0%, P=0.016), a more favorable 
distribution of Residual Cancer Burden categories, and higher levels of stromal tumor-infiltrating lymphocytes. Overall, TRPS1 
expression in TNBC was associated with improved response to neoadjuvant chemotherapy.
Conclusions. TRPS1 expression in TNBC is associated with enhanced sensitivity to neoadjuvant chemotherapy and may be 
considered not only a diagnostic marker of mammary differentiation but also a potential predictive marker of treatment response.
(International Journal of Biomedicine. 2026;16(1):53-58.)
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Introduction
Triple-negative breast cancer (TNBC) represents a 

clinically, morphologically, and biologically heterogeneous 
group of tumors characterized by the absence of estrogen and 
progesterone receptor expression and the lack of HER2 protein 

overexpression or gene amplification.1,2 Despite a uniform 
immunophenotypic definition, TNBC demonstrates marked 
variability in morphological features, sensitivity to systemic 
therapy, and clinical outcomes, highlighting the ongoing need 
for additional diagnostic and predictive biomarkers.3

Neoadjuvant chemotherapy (NACT) constitutes a 
standard component of treatment for patients with locally 
advanced TNBC. Achievement of a pathological complete 
response (pCR) is associated with a more favorable prognosis; 
however, pCR rates remain limited, and the depth of response to 
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therapy varies substantially even with the use of contemporary 
treatment regimens.4,5

The tumor microenvironment plays a crucial role in 
modulating therapeutic response. Previous studies have 
demonstrated that the level of stromal tumor-infiltrating 
lymphocytes (sTILs) represents a significant prognostic 
and predictive factor in TNBC.6,7 Nevertheless, immune-
related parameters alone do not fully capture the biological 
characteristics of tumor cells and require complementary 
tissue-based markers reflecting tumor differentiation status.

TRPS1 (tricho-rhino-phalangeal syndrome type 1), a 
GATA family transcription factor, is currently regarded as one of 
the most sensitive immunohistochemical markers of mammary 
tissue differentiation. Several studies have reported preserved 
TRPS1 expression in the vast majority of TNBC cases, 
including poorly differentiated and metaplastic variants, with 
higher sensitivity compared with conventional markers such 
as GATA3 and SOX10.8-11 In addition to its diagnostic utility, 
TRPS1 is involved in the regulation of cellular differentiation 
and the maintenance of phenotypic stability in tumor cells.

Despite increasing interest in TRPS1 data, its clinical 
and predictive significance in TNBC remains limited. In 
particular, the association between TRPS1 expression and 
clinicopathological characteristics, as well as response to 
NACT, including the extent of pathological response, remains 
insufficiently investigated. Therefore, the aim of the present 
study was to evaluate TRPS1 expression in TNBC and to 
assess its diagnostic and potential predictive significance.

Methods
Study Design and Patients

A single-center retrospective study was conducted. The 
analysis included 54 cases of invasive breast carcinoma with 
a triple-negative molecular profile; all patients were treated 
at a single specialized oncological center (Cancer Research 
Institute, Tomsk National Research Medical Center of the 
Russian Academy of Sciences).

The study material consisted of diagnostic core needle 
biopsy specimens obtained prior to the initiation of NACT, as 
well as surgical specimens of breast tumor tissue and axillary 
lymph nodes collected after completion of systemic treatment. 
All patients received a full course of NACT followed by 
surgical intervention, allowing for a comprehensive assessment 
of tumor morphology before treatment and evaluation of 
pathological response after therapy. NACT was administered 
in accordance with current clinical guidelines for the treatment 
of TNBC. Standard regimens including anthracycline- and 
taxane-based protocols were used. 36 patients (66.7%) received 
a sequential anthracycline-taxane regimen, while platinum-
containing agents were additionally included in the treatment 
regimen of 18 patients (33.3%).  The choice of chemotherapy 
regimen and treatment duration were determined based on 
clinical indications in accordance with the current guidelines of 
the Ministry of Health of the Russian Federation.
Histopathological Evaluation

Histological verification and classification of tumors 
were performed according to the World Health Organization 

Classification of Tumours of the Breast (WHO, 5th edition). 
Morphological evaluation of tumor core biopsy specimens 
included assessment of histological subtype, histological 
grade according to the Nottingham grading system, and the 
presence and extent of tumor necrosis. Triple-negative status 
was confirmed by immunohistochemistry (IHC) in all cases 
and defined as the absence of estrogen and progesterone 
receptor expression (<1% of tumor cells) and lack of HER2 
overexpression or amplification (HER2 score 0-1+ by IHC or 
HER2 score 2+ with a negative in situ hybridization result).
Assessment of sTILs

In the study, sTILs were evaluated on hematoxylin 
and eosin-stained slides of diagnostic core biopsy specimens 
obtained prior to treatment. sTILs were assessed as the 
percentage of stromal area occupied by mononuclear 
inflammatory cells in accordance with the recommendations 
of the International TILs Working Group.12 Areas of necrosis, 
artifacts, and intraductal tumor components were excluded 
from the analysis.
Immunohistochemistry

Evaluation of TRPS1 expression was performed on 
formalin-fixed paraffin-embedded sections of diagnostic core 
biopsy specimens. Staining was carried out using an automated 
immunohistochemistry stainer (Bond-Max, Leica Biosystems) 
according to the manufacturer’s standard protocol. TRPS1 
expression was detected using a monoclonal antibody against 
TRPS1 (clone QR099, Rabbit, RTU; Quartett). TRPS1 
expression was assessed based on nuclear staining of tumor 
cells. Semi-quantitative evaluation was performed using the 
H-score, calculated by taking into account both the percentage 
of positively stained tumor cells and staining intensity. For 
analytical purposes, all tumor samples were stratified into 
two groups: tumors with high TRPS1 expression (TRPS1-
high; H-score ≥150) and tumors with low or absent TRPS1 
expression (TRPS1-low/negative; H-score <150).

Additionally, in a subset of cases, immunohistochemical 
analysis was performed using antibodies against GATA3 (clone 
L50-823, Rabbit, RTU; Cell Marque), SOX10 (clone EP268, 
Rabbit, RTU; Cell Marque), and androgen receptor (AR; 
clone AR441, Mouse, RTU; Cell Marque) to compare TRPS1 
expression with other markers of mammary differentiation.
Assessment of Response to NACT

The efficacy of NACT was evaluated based on 
histopathological examination of surgical specimens of breast 
tumor tissue obtained after completion of systemic therapy. 
Pathological complete response (pCR) was defined as the 
absence of invasive carcinoma in the breast and regional lymph 
nodes (ypT0/is ypN0). In addition, quantitative assessment of 
residual tumor burden was performed in all cases using the 
Residual Cancer Burden (RCB) system, with classification of 
patients into RCB-0, RCB-I, RCB-II, and RCB-III categories 
according to the methodology proposed by Symmans et al. 13

Statistical processing of the obtained data was performed 
using Statistica 10.0 (StatSoft Inc., USA). Quantitative 
indicators are presented as median and interquartile range 
(IQR). To compare quantitative variables between two 
independent groups, the nonparametric Mann-Whitney test 
was used. Qualitative indicators were compared using the 
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Pearson χ² test or Fisher’s exact test (for expected values 
less than 5). To evaluate factors associated with achieving a 
complete pathomorphological response, univariate logistic 
regression was used to estimate the odds ratio (OR) and 95% 
confidence interval (95% CI). Differences were considered 
statistically significant at P<0.05.

Results
The study included 54 patients with TNBC. The median 

age was 52 years (interquartile range [IQR], 45-61 years). At 
the initiation of NACT, most patients presented with locally 
advanced disease: tumors classified as cT2 or higher were 
observed in 72.2% of cases, and metastatic involvement of 
regional lymph nodes was detected in 57.4%.

From a morphological standpoint, invasive carcinoma of 
no special type (NST) predominated, accounting for 85.2% of 
cases, whereas metaplastic carcinomas accounted for 14.8%. 
High histological grade (Nottingham grade 3) was identified 
in 75.9% of patients. The median sTIL level was 30% (IQR, 
15-45%). Detailed clinicopathological characteristics of 
the study cohort are summarized in Table 1. pCR to NACT 
was achieved in 37.0% of cases (n=20). According to the 
RCB classification, patients with complete response (RCB-
0) accounted for 37.0%, RCB-I for 16.7%, whereas 46.3% 
of patients demonstrated substantial residual tumor burden 
(RCB-II and RCB-III) (Table 1).

TRPS1 Expression and Clinicopathological Associations
Immunohistochemical analysis revealed TRPS1 

expression in 87.0% of cases (n=47/54). In most tumors, 
TRPS1 showed diffuse nuclear staining with moderate to high 
intensity. Based on semi-quantitative evaluation using the 
H-score, all cases were stratified into two groups: tumors with 
high TRPS1 expression (TRPS1-high; H-score ≥150) and 
tumors with low or absent TRPS1 expression (TRPS1-low/
negative; H-score <150).

The TRPS1-high group comprised 29 patients (53.7%), 
whereas 25 patients (46.3%) demonstrated low or absent 
TRPS1 expression. Notably, TRPS1 expression was preserved 
in a subset of tumors lacking immunoreactivity for other 
markers of mammary differentiation, including GATA3 and 
SOX10, underscoring its additional diagnostic value.

Analysis of associations between TRPS1 expression and 
morphological parameters revealed several significant findings. 
Tumors with high TRPS1 expression were significantly less 
likely to exhibit high histological grade (Grade 3) compared 
with TRPS1-low/negative tumors. Similarly, metaplastic 
breast carcinoma variants were significantly less frequent in the 
TRPS1-high group, indicating an association between reduced 
TRPS1 expression and morphologically less differentiated 
tumor phenotypes.

Association between TRPS1 Expression and Tumor 
Microenvironment 

sTIL levels were significantly higher in the TRPS1-
high group. Median sTIL values in this group exceeded those 
observed in TRPS1-low/negative tumors. Representative 
morphological and immunohistochemical features of a 
tumor with high TRPS1 expression and prominent stromal 
lymphocytic infiltration are shown in Figure 1.

Androgen receptor expression was detected 
more frequently in TRPS1-high tumors; however, this 
association did not reach statistical significance. Detailed 
data on the relationships between TRPS1 expression and 
clinicopathological and immunohistochemical characteristics 
of TNBC are presented in Table 2.

TRPS1 Expression and Response to NACT 

Analysis of the association between TRPS1 expression 
and response to NACT demonstrated that pCR occurred 
significantly more often in the TRPS1-high group. The pCR 
rate in this group was 51.7%, compared with 20.0% in the 
TRPS1-low/negative group (Figure 2A, Table 3). 

Evaluation of RCB distribution revealed that tumors 
with high TRPS1 expression were significantly more likely 
to be classified as RCB-0 or RCB-I, reflecting absence or 
minimal residual tumor burden. In contrast, the RCB-II and 
RCB-III categories, indicative of substantial residual disease 
following NACT, predominated among patients in the TRPS1-
low/negative group ((Figure 2B, Table 3).

Predictors of pCR
In univariate logistic regression analysis, pathological 

complete response was significantly associated with high 
TRPS1 expression and elevated sTIL levels. Inclusion of 

Table 1.
Clinicopathological characteristics of patients with TNBC (n = 54).

Parameter Value, n (%)

Menopausal status

Premenopausal 29 (53.7)

Postmenopausal 25 (46.3)

cT ≥2 39 (72.2)

cN+ 31 (57.4)

Histological type of breast tumor

Invasive carcinoma of no special type (NST) 46 (85.2)

Metaplastic carcinoma 8 (14.8)

Histological grade (Nottingham)

Garde 1 -

Grade 2 13 (24.1)

Grade 3 41 (75.9)

Distribution of cases according to Residual Cancer Burden (RCB)

RCB-0 20 (37.0)

RCB-I 9 (16.7)

RCB-II 17 (31.5)

RCB-III 8 (14.8)

pCR 20 (37.0)
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platinum-based agents in NACT regimens was associated 
with a trend toward increased pCR rates; however, this 
association did not reach statistical significance. The results 
of the univariate analysis of factors associated with pCR are 
summarized in Table 4.

Discussion
The present study confirms the high frequency of TRPS1 

expression in TNBC and underscores its significance as a 
diagnostic marker of mammary differentiation in the setting 
of loss of hormone receptor and HER2 expression. In the 
studied cohort, TRPS1 was detected in most cases, consistent 
with data from large immunohistochemical series and 
supporting its superior sensitivity compared with traditionally 
used markers such as GATA3 and SOX10. Notably, TRPS1 
expression was preserved in a subset of tumors that lacked 
immunoreactivity for other mammary markers, underscoring 
its additional diagnostic value, particularly in the evaluation of 
biopsy specimens and metastatic tumor tissue.

Analysis of clinicopathological associations 
demonstrated that high TRPS1 expression was linked to less 
aggressive morphological features. Tumors in the TRPS1-high 
group showed a significantly lower frequency of metaplastic 

Table 2. 
Association between TRPS1 expression and morphological and 
immunohistochemical characteristics of TNBC.

Parameter TRPS1-high
(n = 29)

TRPS1-low/negative
(n = 25) P-value

Histological Grade 3  19 (65.5%)  22 (88.0%) 0.054

sTILs, %, median (IQR) 35
(25-50)

20
(10-30) 0.006

Metaplastic TNBC  2 (6.9%) 6 (24.0%) 0.077

Table 3.
Association between TRPS1 expression and pathological response 
to NACT (pCR and RCB) in TNBC.

Parameter TRPS1-high
(n=29)

TRPS1-low/negative
(n=25) P-value

pCR 15 (51.7%) 5 (20.0%) 0.016

RCB-0 and RCB-I  20 (69.0%) 9 (36.0%) 0.015

RCB-II and RCB-III 9 (31.0%) 16 (64.0%) 0.015

Table 4. 
Factors associated with achievement of pCR to NACT (univariate 
analysis).

Variable OR 95% CI P-value

TRPS1-high 4.3 1.3-14.2 0.017

sTILs (>30%) 3.9 1.2-12.7 0.021

Inclusion of platinum-based 
agents in NACT 2.1 0.7-6.1 0.18

Histological Grade 3 0.6 0.2-1.9 0.39

A

Figure 1. Morphological and immunohistochemical 
features of TNBC with high TRPS1 expression. 
A - Core needle biopsy specimen showing prominent 
sTILs; hematoxylin and eosin staining. B - Diffuse nuclear 
TRPS1 expression in tumor cells; IHC staining. Original 
magnification ×4. Digital images were acquired using an 
Aperio AT2 scanner.

B

Figure 2. Association between TRPS1 expression and the 
efficacy of NACT in TNBC. A - Rate of pCR in the TRPS1-
high and TRPS1-low/negative groups. B - Distribution of 
RCB categories according to TRPS1 expression level.
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carcinoma variants and high Nottingham histological grade, 
suggesting an association between reduced TRPS1 expression 
and loss of epithelial differentiation. These findings are 
consistent with current concepts regarding the role of TRPS1 
in maintaining the epithelial phenotype and suppressing 
epithelial-mesenchymal transition. Accordingly, decreased 
TRPS1 expression may be regarded as a morphological 
indicator of biologically more aggressive, poorly differentiated 
TNBC.

Of particular interest is the observed association 
between TRPS1 expression and tumor microenvironment 
characteristics. In the present study, tumors with high TRPS1 
expression exhibited significantly higher levels of sTILs. Given 
the well-established prognostic and predictive significance 
of sTILs in TNBC, this observation suggests that TRPS1-
expressing tumors may exhibit enhanced immune reactivity, 
potentially contributing to improved responses to systemic 
therapy. At the same time, the relationship between TRPS1 
expression and sTILs levels likely reflects a complex interplay 
between tumor cell state and the immune microenvironment 
rather than a simple linear dependency.

The most clinically relevant finding of this study is the 
association between TRPS1 expression and NACT efficacy. 
pCR and minimal residual tumor burden (RCB-0 and RCB-I) 
were observed significantly more frequently in the TRPS1-high 
group, whereas tumors with low or absent TRPS1 expression 
predominantly exhibited higher RCB categories (RCB-II and 
RCB-III). These results indicate a potential predictive role for 
TRPS1 not only in achieving pCR but also in the depth of 
therapeutic response.

The biological interpretation of these findings may 
be related to the multifaceted role of TRPS1 in regulating 
cell cycle control, DNA damage response, and epithelial-
mesenchymal transition. Preserved TRPS1 expression may 
reflect a more differentiated epithelial phenotype associated 
with increased sensitivity to cytotoxic chemotherapy. 
Conversely, reduced TRPS1 expression may be accompanied 
by activation of cellular plasticity programs and DNA damage 
resistance, resulting in reduced chemotherapy efficacy and 
greater residual tumor burden. In this context, TRPS1 may 
be considered an integrative marker reflecting the combined 
influence of morphological, molecular, and immune tumor 
characteristics.

It should be noted that inclusion of platinum-based 
agents in NACT regimens was associated only with a trend 
toward increased pCR rates and did not reach statistical 
significance in this study. This may be attributable to the 
relatively limited sample size and heterogeneity of treatment 
regimens. Nevertheless, the observed association between 
TRPS1 expression and response to NACT, regardless of the 
specific treatment regimen, suggests that this marker may 
have universal predictive value.

Several limitations of the present study should be 
acknowledged, including its retrospective design, relatively 
small cohort size, and lack of molecular stratification of 
TNBC subtypes. In addition, TRPS1 expression was assessed 
in diagnostic biopsy material, which does not fully account 
for potential intratumoral heterogeneity. However, evaluation 

of pre-treatment biopsy specimens provides the greatest 
clinical relevance for the practical application of TRPS1 as a 
predictive biomarker.

In summary, the results of this study support the 
consideration of TRPS1 not only as a highly sensitive 
diagnostic marker of mammary differentiation in TNBC 
but also as a potential predictive factor for the efficacy of 
neoadjuvant chemotherapy. Further prospective studies 
incorporating comprehensive molecular characterization 
of tumors are warranted to clarify the role of TRPS1 within 
personalized treatment strategies for TNBC.
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Abstract 
Background: Clinical and radiographic criteria are used to diagnose nasal polyps, but histopathologic examination is necessary 
for a definitive diagnosis. There are numerous categories for the histological classification of nasal polyps. The aim of this study 
was to identify the histological subtypes of nasal polyps in adult patients in Al Kharj city.
Material and Methods: Fifty-one individuals who had surgery to remove nasal polyps between January 2024 and June 2025, and 
whose diagnoses were verified by histological analysis, were the subject of a retrospective study based on hospital information. 
Males made up more than half (58.8%) of the patients. Inflammatory or allergic polyps were found in most cases (52.9%). Inverted 
papilloma was found in 21 cases (41.2%). Of the 51 cases, only 3 were malignant. 
Conclusion: Uupon histological inspection, the nasal polyps primarily exhibit an inflammatory or allergic pattern. Histopathological 
examination of a resected nasal polyp is often necessary to establish the definitive diagnosis, as it is challenging to detect the 
pathology of a nasal mass clinically.(International Journal of Biomedicine. 2026;16(1):59-63.)
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Introduction
Nasal polyposis is a benign hyperplastic growth of the 

nasal mucosa. It is the outcome of a complicated process that 
some people experience. Some people have it, including those 
with cystic fibrosis, rhinitis, and chronic sinusitis. Clinical and 

radiographic criteria are used to diagnose nasal polyps, but 
histopathologic examination is crucial for precise diagnosis.1 

Nasal polyposis is present in 25–30% of patients with chronic 
rhinosinusitis and in 1%–4% of the general population.2 

Numerous pathologic processes and etiologic factors have 
been implicated in the development of nasal polyps. The causes 
of nasal polyps remain unclear. Nasal polyps have a complex 
etiology, including allergies, primary ciliary dyskinesia, cystic 
fibrosis, persistent infections, and some systemic vasculitides. 
Aspirin sensitivity and asthma are well known to be associated 
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with the development of nasal polyps.3 Every nasal polyp 
excised during surgery should be routinely referred for 
histological analysis. Currently, otolaryngologists cannot 
agree on the necessity of routinely examining nasal polyps. 
Pathological findings often alter patient management, and 
microscopic analysis of nasal polyp specimens typically aligns 
well with prior clinical impressions. It was discovered that the 
accumulation of extracellular fluid, a moderate inflammatory 
process, and the growth of mucosa and submucosa within the 
turbinates or paranasal sinus were the causes. Nasal polyps are 
more common in adults than in children.4

Polyps originating from the mucosa can be sessile (no 
stalk), sessile-semipedunculated, or pedunculated (with a stalk). 
These benign, painless, and often translucent, grey-colored 
growths are usually found near the ethmoid sinuses. There are 
inflammatory or granulomatous polyps, linked to a persistent 
naso-sinusoidal infection, and the other types, linked to nasal 
allergy and multiple eosinophilic infiltrations of the stroma.5

Nasal obstruction, congestion, anosmia, nasal discharge, 
rhinorrhea, facial pain, and headache are all clinical signs of 
nasal polyps.6 The complete knowledge of stromal alterations 
and of epithelial cells, particularly of several populations 
of inflammatory cells implicated in the pathophysiology of 
this disease, is made possible by histological examination.7 
Accurate classification of nasal polyps is challenging due to 
their overlapping histological features.

The aim of this study was to identify the histological 
subtypes of nasal polyps in adult patients in Al Kharj city.

Materials and Methods
The research design used in this study was a retrospective 

design. The Military Industries Hospital served as the location. 
This study comprised the hospital records of every patient 
who had nasal polyp removal surgery at the histopathology 
department at Al Kharj Military Industries Hospital between 
January 2024 and June 2025. Histopathological analysis was 
performed on all nasal polyp specimens obtained from patients 
of various ages and genders during the study period. Patients with 
nasal polyps who were older than 12 and whose diagnosis was 
verified by histological examination met the inclusion criteria. 
Nevertheless, only instances with sufficient tissue samples and 
comprehensive clinical data were taken into consideration for 
analysis. Additionally, patients with congenital nasal polyps 
and a history of previous surgery were not involved in the 
research study. The pathology department’s histopathology 
section received all of the specimens in 10% formalin along 
with significant clinical data, including age and sex. The usual 
biopsy processing protocol for paraffin-embedded sections was 
followed for all tissue sections. Eosin and hematoxylin stains 
were applied following the fabrication of sections that were three 
to five microns thick. To ensure diagnostic consistency, each 
slide was examined under a light microscope by two separate 
trained pathologists. They used standard morphological criteria 
to categorize the polyps as allergic, inflammatory, and other 
forms based on their histological characteristics. For this study, 
information was gathered from patients’ medical records. Data 
analysis was done using SPSS statistics 22.0.

Results
Males accounted for more than half (58.8%) of patients, 

and 21 (41.2%) were female. The patients ranged in age from 
12 to 76. The largest proportion (23/45.1%) of participants in 
the current study were aged 31-40. The next most frequent age 
group affected was 41 to 50 years old (Table 1)

Only 3 of the 51 instances were malignant; 27 were 
non-neoplastic (52.9%), and 24 were benign neoplastic polyps 
(47.1%). Nearly all cases had varying numbers of eosinophils, 
in addition to other inflammatory or allergic polyps. Sheets 
of mononuclear cells and eosinophils were also visible. All 
allergic and inflammatory polyps exhibited edema and a 
noticeable alteration in vascularity. The stroma of these polyps 
also contained fibroblasts, inflammatory cells, and fluid that 
formed pseudocystic gaps. There was typically a moderate 
number of inflammatory cells. Additionally, dilated arteries 
and hyperplasia of seromucinous glands were discovered. 
(Figures 1A,B,C,D & 2A,B,C,D)

A benign epithelial growth in the nasal cavity and the 
paranasal sinuses’ underlying stroma is called an inverted 
papilloma. In 21 (41.2%) cases, it was identified. Histological 
analysis revealed polypoid tissue coated in pseudostratified 
columnar ciliated epithelium with mixed mucocytes in the 
hematoxylin and eosin-stained section. (Figures 3A,B,C,D & 
4A,B,C,D)

An 18-year-old patient had a little nasal nodule. It 
typically manifests in early childhood or at birth. solitary 
skin-colored papule with a maximum size of less than 1 
cm. It displays more developed vellus hair follicles in close 
proximity. (Figure 5A,B,C,D)

It was determined that the malignant specimen was 
nasopharyngeal cancer. A biopsy performed in the clinic 
revealed that the three patients’ unilateral nasal tumors were 
nasal polyps. Histologically, nasopharyngeal carcinoma 
was identified as a nonkeratinizing undifferentiated type, 
characterized by clusters of tumor cells with vesicular nuclei, 
large central nucleoli, and indistinct cell borders. Plasma 
cells and background lymphocytes were frequently observed. 
(Figure 6A,B,C,D)

Table 1.
Lesion distribution according to histology, age, and gender (n=51).

Parameter Category N Percentage

Gender Male
Female 

30
21

58.8%
41.2%

Age 

12-30
31-40
41-50
51-60
≥61

3
23
18
5
2

5.9%
45.1%
35.3%
9.8%
3.9%

Type of lesion (Polyp)

Non-neoplastic
  Inflammatory or allergic
Neoplastic
  Benign inverted papilloma
  Malignant lesion

27

21
3

52.9%

41.2%
5.9%
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Fig. 1. Different images of allergic and inflammatory nasal 
polyps stained with Hematoxylin and Eosin. A) Thrombotic 
stratification is observed in cavernous-like structures.B) 
Acute and chronic inflammatory cells, together with a few 
fibroblasts and tiny blood vessels, are mixed together in the 
edematous stroma. C) The respiratory epithelium exhibits 
stromal edema hyperplasia in a polyp with seromucinous 
gland hyperplasia, and the basal membrane that divides 
the epithelium from the edematous stroma thickens. D) The 
surface is covered in pseudostratified columnar epithelium, 
and the stroma is loose and edematous.   (A, B X 200).  (C, 
D X 400)

Fig. 2. Different images of allergic and inflammatory nasal 
polyps stained with Hematoxylin and Eosin. A) Inflammatory 
cell infiltration, including eosinophils, lymphocytes, and 
plasma cells. B) Neutrophil transmigration is observed with 
stroma edema, and the epithelium is hyperplastic and of a 
squamous type. C) There are tiny intraepithelial mucin cysts. 
Both an exophytic and an inverted growth pattern are present 
in these polyps. D) Many seromucinous glands and ductal 
structures in an edematous stroma are visible in polyps with 
seromucinous gland hyperplasia. (A, B, C & D X 400)

Fig. 3. Different images of inverted papillomas stained with 
Hematoxylin and Eosin. A) demonstrates an endophytic or 
inverted growth pattern with noticeably thicker squamous 
epithelial proliferation that descends into the connective 
tissue stroma underneath. B) Has an inverted growth pattern 
with pseudostratified ciliated columnar epithelium that is 
noticeably thicker and grows downward into the underlying 
stroma. C) Low-power inverted papilloma. Typical form 
and pattern that should not be mistaken for common nasal 
polyps. D) Noticeable downward endophytic proliferation of 
smooth-surfaced, spherical to long, linked epithelial nests.  
(A, B, C & D X 200)

Fig. 4. Different images of inverted papillomas stained 
with Hematoxylin and Eosin. A) High magnification 
reveals that the epithelium is made up of intraepithelial 
mucin microcysts and pseudostratified columnar cells 
intermingled with mucocytes (goblet cells). B) Markedly 
thickened squamous epithelial proliferation. C) Multiple 
layers of eosinophilic columnar cells, occasionally 
ciliated, make up the epithelium.  D) Sinonasal papilloma, 
inverted type, ethmoid. The squamous mucosa has 
dysplasia.  (A, B, C & D X 400)
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Discussion
A range of disorders, from benign to malignant nasal 

lesions, can also present as nasal polyps; however, most nasal 
polyps submitted for histology are inflammatory, attributable 

to infection, allergy, or idiopathic causes. It has been suggested 
that allergies and inflammation contribute to nasal polyps, and 
approximately 30% of patients with nasal polyps test positive 
for environmental allergens.8 We discovered that men are 
impacted more often than women. It was consistent with a 
prior study that found a higher frequency among men.9,10 The 
histopathological variety of nasal polyps has important clinical 
implications in addition to helping with accurate diagnosis. 
Every nasal polyp excised during surgery should be routinely 
referred for histological analysis. Currently, otolaryngologists 
cannot agree on the necessity of routinely examining nasal 
polyps. If all tissues retrieved from the sinonasal tract after 
surgery are not sent for histological analysis, the diagnosis 
may be missed, and the proper course of treatment may be 
delayed.11 A simple nasal mass might be mistaken for a 
number of illnesses, from benign lesions to malignant nasal 
tumors. Therefore, it is nearly impossible to diagnose a nasal 
mass clinically.

To arrive at the correct diagnosis, histopathology and 
nasal endoscopy should be used in tandem. As a result, the real 
diagnosis is often dependent on the histological analysis of a 
resected nasal polyp. According to earlier research, middle-
aged men are most likely to have nasal polyps. Patients in the 
fourth and fifth decades are often more likely to have non-
neoplastic nasal masses, but those in the fifth or sixth decades 
are more likely to have neoplastic masses.12,13 More allergic and 
inflammatory polyps were found in the current investigation. 
This result is consistent with another study that found that 
60.32% of nasal polyps were allergy-related. 9 Three malignant 
nasopharyngeal carcinoma lesions were found in the current 
investigation. Rarely, malignant tumors of the sinonasal region 
account for about 3% of all upper respiratory tract cancers.

Conclusion
 Upon histological inspection, the nasal polyps primarily 

exhibit an inflammatory or allergic pattern. Histopathological 
examination of a resected nasal polyp is often necessary to 
establish the definitive diagnosis, as it is challenging to detect 
the pathology of a nasal mass clinically.
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Fig. 5. Different images of nasal ala small nodule in the 
vestibule stained with Hematoxylin and Eosin. A) Lower 
power magnification of mesoderm-derived fibroadipose tissue 
surrounded by pilosebaceous units and squamous epithelium 
derived from ectoderm.  B) Epidermal stratified squamous 
epithelium with sebaceous glands and hair follicles.  C) 
Aberrant squamous cells encroaching on the surrounding 
tissue. D) Increased numbers of closely spaced mature vellus 
hair follicles are seen at high magnification. (A, B X 200).  (C, 
D X 400).

Fig. 6. Different images of nasopharyngeal cancer stained with 
Hematoxylin and Eosin. A) Sheets of undifferentiated cancer 
cells with necrotic patches invade the mucosa. B) A concentrated 
build-up of lymphocytes, plasma cells, and epithelioid 
cells without necrosis. C) Undifferentiated nonkeratinizing 
carcinoma. D)  Keratinizing squamous cell carcinoma   (A, B X 
200).  (C, D X 400).
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Abstract
Background: Ultrasound is widely used to evaluate liver morphology in nonalcoholic fatty liver disease (NAFLD), yet the 
relationships between ultrasound-derived liver size and patient characteristics remain incompletely described in Saudi populations. 
This study assessed the association between right-lobe liver size and demographic/anthropometric variables among adults with 
ultrasound-confirmed NAFLD in Jeddah, Saudi Arabia.
Methods and Results: This retrospective, cross-sectional, two-center study included 212 adults (≥18 years) with NAFLD 
documented on ultrasound reports from 2 tertiary hospitals in Jeddah between 2020 and 2025. The primary outcome was right-lobe 
liver size (cm) extracted from ultrasound reports and/or PACS measurements. Predictors included sex, age, BMI, and hospital site. 
Of 212 participants, 114 (53.8%) were female; mean age was 49.5 years, and mean BMI was 31.6 kg/m², with most participants 
classified as overweight or obese. Mean right-lobe liver size was similar between Hospital A and Hospital B (15.98±2.02 vs 
16.07±2.03 cm; P=0.763). Females had numerically larger right-lobe measurements than males in both hospitals, but differences 
were not statistically significant overall (16.18±2.07 vs 15.84±1.94 cm; P=0.218). Liver size correlated inversely and weakly 
with age (r=−0.160, P=0.019) and weakly and positively with weight (r=0.221, P=0.001) and BMI (r=0.180, P=0.009). In 
multivariable regression adjusting for sex, BMI, and hospital, age remained independently associated with liver size (β=−0.023 
cm/year; P=0.026), while BMI did not retain significance (β=0.043 cm per kg/m²; P=0.110); sex and hospital were not significant 
predictors. 
Conclusion: In adults with ultrasound-reported NAFLD in Jeddah, right-lobe liver size showed modest associations with age and 
adiposity, with age remaining an independent predictor after adjustment. Sex-based differences were small and non-significant, 
and measurements were consistent across two hospitals. Standardized acquisition and inclusion of objective NAFLD severity 
measures (e.g., elastography and laboratory markers) are needed to refine the interpretation of routine ultrasound liver size metrics 
in regional NAFLD populations.(International Journal of Biomedicine. 2026;16(1):64-70.)
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Introduction
Ultrasound (US) is a diagnostic imaging modality 

that uses high-frequency sound waves to produce real-
time images; it is also referred to as ultrasonography, 
sonography, and real-time echography.1 It is preferably 
used as a diagnostic modality because it is non-invasive, 

cost-effective, non-ionizing, and widely accessible across 
medical and clinical settings.2-4 A sonographer, a person who 
operates an ultrasound machine, typically uses a handheld 
probe called a transducer that both emits and receives sound 
waves.5 The transducer is placed directly on the patient’s skin 
and moved over the area of interest, emitting sound waves; 
a computer converts the returning echoes into visual grey-
scale images.3 Diagnostic ultrasound is primarily used to 
visualize subcutaneous structures and soft tissues, including 
tendons, muscles, joints, vessels, and internal organs, to 
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detect potential pathology or lesions.6 Air can be a source 
of artifact during ultrasound imaging, especially in hairy 
individuals, because it can trap between the transducer and 
the body; therefore, a water-based gel is used to couple the 
ultrasound transducer to the patient.3

The liver is a large, dense organ situated mainly in the 
right hypochondrium, spanning the epigastric region and 
extending into the left hypochondrium toward the left lateral 
line. Typical liver weight ranges from about 1,400–1,600 g 
in males and 1,200–1,400 g in females.7,8 Liver size can vary 
across many clinical conditions. It may be enlarged in diseases 
such as hepatitis, alcoholic liver disease, heart failure, and 
certain metabolic/storage disorders, or decreased in acute 
fulminant hepatitis and cirrhosis; in some cases, it remains 
normal. Overall, measuring liver size is a useful diagnostic 
marker.7,9 Liver size showed significant associations with sex, 
age, body mass index (BMI), the presence of fatty liver, and 
hepatic steatosis grade.10

Nonalcoholic fatty liver disease (NAFLD) is among the 
most prevalent metabolic conditions globally, characterized by 
abnormal fat buildup in liver cells and potentially progressing 
to serious complications, including fibrosis, cirrhosis, 
and hepatocellular carcinoma (HCC).11-13 NAFLD affects 
approximately 25% of the global population. Its prevalence 
is highest in the Middle East (31.79%) and South America 
(30.45%), while the lowest rates have been reported in Africa 
(13.48%).14,15 In 2017, the estimated NAFLD burden was 
8,451,000 cases (25.7%) in Saudi Arabia and 255,000 cases 
(25%) in the UAE. By 2030, NAFLD cases are expected to 
increase by 48% in Saudi Arabia, reaching 12,534,000, and by 
46% in the UAE, reaching 372,000.16 NAFLD occurs across 
all sexes, age groups, and ethnicities, and is most strongly 
associated with obesity, hyperlipidemia, diabetes mellitus, and 
metabolic syndrome driven by insulin resistance.17,18

Ultrasound is an important imaging modality used to 
assess liver volume, particularly in NAFLD patients.11,19 It 
offers a non-invasive approach for evaluating liver size and 
fat content.11 Additionally, it enables visualization of liver 
size and parenchymal texture. Measurements are obtained 
in multiple planes to ensure accurate liver volume.17 Studies 
have demonstrated that B-mode US is effective for identifying 
moderate-to-severe steatosis, with sensitivity and specificity 
varying with the degree of fat accumulation.11,20-24 

Ultrasound B-mode imaging enables a subjective 
assessment of the extent of fatty infiltration in the liver.11 The 
grading of liver steatosis is typically determined using several 
US features, including liver brightness, liver–kidney contrast, 
the US appearance of intrahepatic vessels, liver parenchyma, 
and the diaphragm.2,11,25 Steatosis is graded as follows: Absent 
(score 0) when the liver echotexture is normal; mild (score 1), 
when there is a slight, diffuse increase in liver echogenicity 
with normal visualization of the diaphragm and the portal 
vein wall; moderate (score 2), when liver echogenicity is 
moderately increased with mildly reduced visualization of the 
portal vein wall and the diaphragm; severe (score 3), when 
liver echogenicity is markedly increased with poor or absent 
visualization of the portal vein wall, diaphragm, and the 
posterior portion of the right liver lobe.26-29

This study aims to examine the association between 
liver size and demographic variables, including gender, age, 
and BMI, among patients with NAFLD attending healthcare 
centers in Jeddah, Saudi Arabia. By evaluating ultrasound 
findings in a representative sample, the study seeks to expand 
the evidence base on liver disease within the Saudi population. 
Furthermore, the results may support improved early detection 
and assist healthcare professionals in developing management 
strategies tailored to individual patient characteristics.

Methods
Study Design and Setting

This retrospective, cross-sectional study evaluated adult 
patients who underwent liver ultrasound examinations at two 
tertiary hospitals in Jeddah, Western Saudi Arabia. Ultrasound 
and clinical record data were retrieved for examinations 
performed between 2020 and 2025.

The study included 212 adults aged 18 years or older 
with ultrasound-based evidence of NAFLD documented in the 
imaging report.

Inclusion criteria:
Age ≥18 years.
Liver ultrasound performed during 2020–2025 at one of 

the participating hospitals.
NAFLD reported on ultrasound.
Availability of right lobe liver measurement and core 

demographic/anthropometric variables (sex, age, weight, 
height, or BMI).

Exclusion criteria: records indicated alternative causes 
of hepatic steatosis or liver size alteration (e.g., significant 
alcohol use if documented, viral hepatitis, known chronic 
liver disease of other etiology, focal liver mass affecting 
measurement, prior hepatic surgery/transplantation), 
pregnancy, or incomplete/uninterpretable ultrasound images/
measurements.
Ultrasound Acquisition and Measurement Protocol

All ultrasound examinations were performed as part 
of routine clinical care at the two participating hospitals. 
Images and reports were archived in the Picture Archiving 
and Communication System (PACS). Because this was a 
retrospective study, a prespecified research acquisition protocol 
was not implemented, and detailed acquisition parameters 
(e.g., transducer frequency, exact respiratory phase, and 
standardized measurement landmarks) were inconsistently 
documented and therefore could not be fully verified. 
Right-lobe liver size was extracted from the original clinical 
documentation (ultrasound report and/or PACS annotations), 
reflecting the measurements recorded at the time of the 
examination. When more than one right-lobe measurement 
was documented, the value labeled as the right-lobe length 
in the report was used; if multiple right-lobe length values 
were recorded, the largest documented value was selected for 
analysis.
Data Sources and Data Collection

Study variables were collected using a structured data 
extraction sheet. Imaging measurements were obtained from 
PACS, while demographic and anthropometric data were 
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retrieved from the hospital’s electronic medical record system 
(Oasis). Trained data collectors extracted the data following a 
predefined coding manual to reduce variability and improve 
reproducibility.
Variables

Outcome variable: right lobe liver size (cm).
Predictor variables: gender (male/female), age (years), 

and BMI (kg/m²).
Anthropometric inputs used to compute BMI (when not 

recorded): weight (kg) and height (m).
Data Management and Quality Control

All data were de-identified before analysis and stored 
in password-protected files accessible only to the study 
team. Data cleaning included range checks (e.g., biologically 
plausible limits for height/weight/BMI and liver size), 
duplicate removal, and verification of outliers against source 
records (PACS/EMR). A predefined dataset dictionary was 
used to ensure uniform data entry.
Statistical Analysis

Statistical analyses were performed using the Statistical 
Package for Social Sciences SPSS v26. Continuous variables 
(right-lobe liver size, age, weight, height, and BMI) were 
summarized as mean ± standard deviation (SD), while 
categorical variables (sex, age categories, weight categories, 
height categories, and BMI classifications) were summarized 
as frequency and percentage. Mean right-lobe liver size was 
compared between males and females within each hospital 
(Hospital A and Hospital B) using the independent-samples 
t-test. Associations between right-lobe liver size and continuous 
variables (age, weight, height, and BMI) were examined using 
Pearson’s correlation coefficient (r) with two-tailed P-values. 
A P-value <0.05 was considered statistically significant. 
Records with missing values for the primary outcome (right-
lobe measurement) were excluded. For covariates, analyses 
were performed using complete-case analysis for the variables 
included in the study.

Results
A total of 212 adults with ultrasound-reported NAFLD 

were included. As shown in Table 1, Hospital A contributed 
109 patients (63/57.8% female and 46/42.2% male), and 
Hospital B contributed 103 patients (51/49.5% female and 
52/50.5% male). Age distribution differed slightly between 
hospitals; patients aged ≥60 years comprised 19.27% of 
Hospital A compared with 32.03% of Hospital B (Table 1).

The cohort demonstrated a high metabolic risk profile, 
with an overall mean BMI of 31.56±7.53 kg/m² (Table 
2). Consistent with this, the majority of participants were 
classified as overweight or obese (Table 1). Specifically, 
obesity was more frequent in Hospital A (56.88%) than in 
Hospital B (46.60%), whereas overweight status was more 
frequent in Hospital B (37.86%) than in Hospital A (24.77%) 
(Table 1, Figure 1).

Right-lobe liver size estimates by sex and hospital are 
summarized in Table 3 and visualized in Figure 2. In Hospital 
A, females demonstrated a larger mean right-lobe liver size 
than males (16.24±1.77 cm vs. 15.63±2.28 cm), although this 

difference was not statistically significant (mean difference 
0.61 cm, 95% CI −0.19 to 1.41, P=0.135). In Hospital B, 
mean liver size was comparable between females and males 
(16.11±2.40 cm vs. 16.02±1.59 cm; mean difference 0.08 cm, 
95% CI −0.72 to 0.88, P=0.836) (Table 3).

Table 1.
Demographic characteristics of patients in Hospital (H) A and B.

Variable Categories H-A
(n) 

H-A
 (%)

H-B
(n)

H-B
 (%)

Total
n(%)

Age
(years)

< 20 0 0.00% 1 0.97% 1(0.47%)

20-29 7 6.42% 3 2.91% 10(4.72%)

30-39 24 22.02% 19 18.45% 43(20.28%)

40-49 31 28.44% 29 28.16% 60(28.3%)

50-59 26 23.85% 18 17.48% 44(20.75%)

60+ 21 19.27% 33 32.03% 54(25.48%)

Total 109 100% 103 100% 212(100%)

Gender
Male 46 42.20% 52 50.49% 98(46.23%)

Female 63 57.80% 51 49.51% 114(53.77%)

Total 109 100% 103 100% 100%

Weight
(kg)

40-49.9 1 0.92% 0 0.00% 1(0.47%)

50-59.9 5 4.59% 12 11.65% 17(8.02%)

60-69.9 21 19.27% 16 15.54% 37(17.45%)

70-79.9 22 20.18% 26 25.24% 48(22.64%)

80-89.9 23 21.10% 21 20.39% 44(20.76%)

90-99.9 19 17.43% 11 10.68% 30(14.15%)

100+ 18 16.51% 17 16.50% 35(16.51%)

Total 109 100% 103 100% 212(100%)

Height
(m)

1.5-1.599 48 44.0% 40 38.83% 88(41.51%)

1.6-1.699 36 33.0% 41 39.81% 77(36.32%)

1.7-1.799 21 19.3% 20 19.42% 41(19.34%)

1.8-1.899 4 3.7% 2 1.94% 6(2.83%)

Total 109 100% 103 100% 212(100%)

BMI
(kg/m²)

Underweight 1 0.92% 0 0.00% 1(0.47%)

Normal 19 17.43% 16 15.54% 35(16.51%)

Overweight 27 24.77% 39 37.86% 66(31.13%)

Obese 62 56.88% 48 46.60% 110(51.89%)

Total 109 100% 103 100% 212(100%)

Table 2.
Continuous variables (mean ± SD) in Hospital A and Hospital B.

Variable Hospital A Hospital B

Age (years) 47.94 ± 12.55 51.16 ± 14.13
Weight (kg) 83.18 ± 18.28 81.96 ± 21.12
Height (m) 1.62 ± 0.09 1.62 ± 0.09
BMI (kg/m²) 31.69 ± 6.97 31.41 ± 8.12
Right-lobe liver size (cm) 15.98 ± 2.02 16.07 ± 2.03
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When both hospitals were pooled, females continued 
to show a numerically larger mean liver size than males 
(16.18±2.07 cm vs. 15.84±1.94 cm); however, the between-
sex difference remained non-significant (mean difference 0.34 
cm, 95% CI −0.20 to 0.89, P=0.218) (Table 3).

Across the full sample, mean right-lobe liver size did 
not differ between hospitals (15.98±2.02 cm in Hospital 
A vs. 16.07±2.03 cm in Hospital B; P=0.763). This finding 
was consistent in sex-stratified analyses, with no statistically 
significant hospital-related differences among males (P=0.329) 
or females (P=0.746) (hospital comparison output).

As shown in Table 4 and Figure 3, Pearson correlation 
analysis demonstrated a weak but statistically significant 
inverse association between age and liver size (r=−0.160, 
P=0.019). Liver size correlated positively and weakly with 
body weight (r=0.221, P=0.001) and BMI (r=0.180, P=0.009), 

while height was not associated with liver size (r=0.031, 
P=0.658) (Table 4).

Multivariable linear regression results are shown in 
Table 5. After adjustment for sex, BMI, and hospital, age 
remained independently associated with liver size (β=−0.023 
cm/year, 95% CI −0.044 to −0.003, P=0.026). BMI showed a 
positive coefficient but did not reach statistical significance in 
the adjusted model (β=0.043 cm per 1 kg/m², 95% CI −0.010 
to 0.097, P=0.110). Sex and hospital were not significant 
predictors after adjustment (female versus male: P=0.560; 
Hospital B versus A: P=0.515) (Table 5). The model explained 
a modest proportion of variance in liver size (R²=0.058, 
adjusted R²=0.040).

Discussion
This retrospective two-center study evaluated ultrasound-

derived right-lobe liver size in 212 adults with ultrasound-
reported NAFLD in Jeddah, Saudi Arabia, and examined 

Figure 1. BMI category distribution by hospital.

Table 3. 
Right-lobe liver size (cm) by sex and hospital, with sex comparisons 
using independent-samples t-tests.

Comparison Female
(n)

Male
(n)

Female 
mean 
(cm)

Male 
mean 
(cm)

Mean diff 
(F-M) [95% CI] P-value

Hospital A: 
Female vs Male 63 46 16.24 15.63 0.61 [-0.19, 1.41] 0.135

Hospital B: 
Female vs Male 51 52 16.11 16.02 0.08 [-0.72, 0.88] 0.836

Overall: 
Female vs Male 114 98 16.18 15.84 0.34 [-0.20, 0.89] 0.218

Figure 2. Right-lobe liver size by sex and hospital (boxplot).

Table 4.
Pearson correlation between right-lobe liver size and age, weight, 
height, and BMI.

Predictor r P-value
Age (years) -0.16 0.0194
Weight (kg) 0.221 0.0012
Height (m) 0.031 0.6583
BMI (kg/m²) 0.18 0.0087

Figure 3. Association between BMI and right-lobe liver size 
(scatter plot).

Table 5. 
Multivariable linear regression for predictors of right-lobe liver 
size (sex, age, BMI, and hospital).

Predictor Beta (cm) SE 95% CI P-value
Intercept 15.619 1.052 [13.557, 17.681] <0.001
Sex (Female vs Male) 0.164 0.281 [-0.387, 0.715] 0.5598
Hospital (B vs A) 0.184 0.282 [-0.369, 0.736] 0.5149
Age (per 1 year) -0.023 0.01 [-0.044, -0.003] 0.0263
BMI (per 1 kg/m²) 0.043 0.027 [-0.010, 0.097] 0.1095
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associations with sex and demographic/anthropometric 
variables. The key findings were: (i) females demonstrated 
numerically larger mean right-lobe measurements than 
males in both hospitals, although sex differences were not 
statistically significant; (ii) liver size showed significant 
positive correlations with weight and BMI and a small inverse 
correlation with age; and (iii) in multivariable regression 
including sex, age, BMI, and hospital, age remained 
independently associated with liver size, whereas BMI did not 
remain significant after adjustment. These results highlight 
that ultrasound-measured right-lobe size in NAFLD varies 
modestly with patient characteristics, and that sex differences 
may be small and cohort-dependent.

In our cohort, females had a higher mean right-lobe size 
than males at Hospital A (16.24 vs 15.63 cm) and Hospital 
B (16.11 vs 16.02 cm), but these between-sex differences 
were not statistically significant. This contrasts with several 
studies reporting larger liver dimensions in males, including 
Dorostghol et al.10  and earlier reports by Patell et al.,30 Cruz 
et al.,31 and Kratzer et al.32 Heterogeneity across studies is 
expected in imaging-based NAFLD research and may reflect 
differences in cohort composition (age distribution, obesity 
burden, metabolic comorbidities, and NAFLD severity), as 
well as variability in ultrasound measurement definitions and 
technique.32,33-35   Even when “liver size” is reported, studies 
may use different planes, landmarks, and respiratory phases, 
or report linear dimensions rather than volume surrogates, 
all of which can influence observed sex differences and 
limit direct comparability.10,33 Therefore, our results do not 
necessarily contradict prior evidence but suggest that sex-
related differences in ultrasound-measured right-lobe size 
may not be consistent across NAFLD populations and may be 
sensitive to both clinical and technical factors.33,35

We observed significant positive correlations between 
liver size and both weight and BMI, aligning with the 
established relationship between adiposity and NAFLD-
related liver enlargement.10,18,36 However, BMI did not remain 
statistically significant in the multivariable model, whereas 
age remained independently associated. This divergence 
between unadjusted and adjusted analyses is common in 
clinical datasets and likely reflects shared variance between 
anthropometric measures and other covariates, as well as 
residual confounding from unmeasured clinical factors (e.g., 
diabetes, dyslipidemia, medication exposure, and NAFLD 
severity).37 In NAFLD, liver size may reflect not only steatosis-
related enlargement but also disease remodeling across the 
spectrum; without fibrosis staging (e.g., elastography) or 
biochemical indices, the independent contribution of BMI 
may be attenuated after adjustment.33,36 From an imaging 
standpoint, these findings support interpreting linear liver 
measurements as part of a broader assessment rather than as a 
stand-alone marker of disease severity.18

Age showed a small inverse association with liver 
size and remained significant after adjustment. While the 
effect size was modest, this suggests that liver size may not 
increase linearly with age in NAFLD cohorts.10 Age-related 
variation could reflect differences in metabolic phenotype, 
disease duration, or the distribution of fibrosis stages.18,36 

For example, advanced fibrosis and architectural remodeling 
could potentially alter gross liver morphology and may not be 
captured by a single linear right-lobe measurement.36 Because 
fibrosis staging and laboratory markers were not available 
in this dataset, causal explanations cannot be confirmed; 
nonetheless, the finding underscores the value of incorporating 
objective severity assessment (e.g., elastography) in future 
imaging studies of NAFLD.33,36 

A strength of this study is the inclusion of two tertiary 
hospitals and the adjustment for hospital site in the analysis. 
The findings, therefore, reflect real-world clinical ultrasound 
reporting across two centers. This cross-site consistency 
supports the robustness of the observed associations 
and suggests that the findings are not driven by a single 
institutional case mix. However, ultrasound measurements 
remain operator-dependent and can be affected by patient 
body habitus, transducer selection, scanning plane, and 
respiratory phase.10,33,35-36 Future work would be strengthened 
by explicit reporting of acquisition parameters, a standardized 
measurement protocol, and reproducibility assessment (intra- 
and inter-observer agreement), which are particularly valued 
in imaging journals and facilitate comparison across centers 
and studies.33,36

Clinical Relevance
Ultrasound remains widely used as a first-line imaging 

modality for suspected hepatic steatosis because it is 
accessible, noninvasive, and low-cost; however, its sensitivity 
for mild steatosis is limited, and it cannot stage fibrosis 
without additional techniques.10,26,33,34,36-38 In routine abdominal 
ultrasound reporting, right-lobe size is often available and 
may provide a supportive context when interpreted alongside 
steatosis grade, clinical risk profile, and (when available) 
fibrosis risk stratification tools.33,36 Our findings suggest that 
sex-based expectations of liver size may be unreliable in some 
NAFLD cohorts and underscore the importance of standardized 
measurement and cautious interpretation, particularly in light 
of patient-specific characteristics.

Limitations
Several limitations should be acknowledged. First, 

the retrospective design limited control over ultrasound 
acquisition conditions and may introduce measurement 
variability. Second, NAFLD was defined based on ultrasound 
report documentation without histological confirmation or 
elastography staging, introducing heterogeneity in disease 
severity and limiting inference regarding fibrosis-related 
morphological change. Third, the outcome was a single linear 
right-lobe measurement rather than true liver volume; linear 
dimensions may not fully represent three-dimensional liver 
size. Fourth, important clinical covariates (e.g., diabetes status, 
lipid profile, liver enzymes, medications, and fibrosis markers) 
were not available, limiting adjustment for confounding and 
severity. Finally, although exclusions were intended to reduce 
alternative causes of hepatomegaly, incomplete documentation 
is an inherent limitation of retrospective record review.



69S. Alghamdi et al. / International Journal of Biomedicine 16(1) (2026) 64-70

Future Directions
Prospective multicenter studies in Saudi Arabia should 

implement standardized ultrasound measurement protocols, 
document acquisition parameters, and evaluate reproducibility. 
Integrating elastography with laboratory markers would enable 
stratification by fibrosis stage and clarify the relationship 
between linear right-lobe measurements and disease 
severity. Larger datasets would also allow formal testing of 
interaction effects (e.g., sex-by-BMI) and development of 
adjusted reference ranges or prediction models tailored to 
regional NAFLD populations.33,34 Where feasible, comparison 
with MRI- or CT-based volumetry could further validate 
ultrasound-derived size estimates and improve interpretability 
in clinical pathways.

Conclusion 
In this retrospective two-center study of 212 adults 

with ultrasound-reported NAFLD in Jeddah, Saudi Arabia, 
ultrasound-derived right-lobe liver size showed measurable 
associations with patient characteristics. Mean right-lobe 
liver size was numerically higher in females than in males in 
both hospitals; however, sex differences were not statistically 
significant.  Liver size showed a significant but weak correlation 
with weight and BMI and a weak inverse correlation with 
age. In multivariable analysis adjusting for sex, BMI, and 
hospital, age remained independently associated with liver 
size, whereas BMI did not remain statistically significant. 
No significant differences in mean liver size were observed 
between the two hospitals. These findings support the utility 
of routine ultrasound-based right-lobe measurements as a 
practical indicator that should be interpreted in the context of 
demographic and anthropometric factors, and they highlight the 
need for future multicenter prospective studies incorporating 
standardized acquisition protocols and objective NAFLD 
severity measures (e.g., elastography and laboratory markers) 
to refine clinical interpretation and risk stratification.
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Abstract
Background: Diabetic nephropathy (DN) is a major cause of chronic kidney disease (CKD) and end-stage renal disease 
worldwide. While biochemical markers such as blood urea nitrogen, serum creatinine, estimated glomerular filtration rate (eGFR), 
and albuminuria are routinely used, early and subclinical renal dysfunction may be missed. Renal Doppler ultrasound, particularly 
the resistive index (RI) and pulsatility index (PI), provides a noninvasive tool for assessing intrarenal hemodynamics. This study 
aimed to explore the association between common biochemical markers and renal Doppler ultrasound parameters in diabetic 
patients and to evaluate how factors such as glycemic control and disease duration influence these measures.
Methods and Results: A cross-sectional study was conducted on type 2 diabetes (T2D). Biochemical markers and Doppler 
indices were measured. Appropriate statistical tests were performed to examine relationships between biochemical and Doppler 
ultrasound findings. Of the 150 patients (mean age of 51.2±8.4 years), 41.3% had poor glycemic control (HbA1c > 8%). Both RI 
and PI exhibited significant negative correlations with eGFR (P<0.001) and significant positive correlations with blood urea and 
serum creatinine. RI and PI values were noticeably higher in patients with poorer glycemic control and longer duration of diabetes. 
Peak systolic velocity (PSV) and end-diastolic velocity (EDV) had no significant correlation with biochemical markers (P>0.05).
Conclusion: In patients with T2D, there is a strong correlation between biochemical markers of renal dysfunction and renal 
Doppler ultrasound parameters, particularly RI and PI. These parameters worsen with poor glycemic control and longer disease 
duration. (International Journal of Biomedicine. 2026;16(1):71-77.)
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Key Points

• High intrarenal Doppler indices (RI, PI) correlate with worse eGFR stages and higher albuminuria in T2D patients.
• Poor glycemic control and longer duration of diabetes both predict more pronounced renal dysfunction on Doppler.
• Renal Doppler ultrasound holds promise as an adjunct tool for early detection and ongoing assessment of diabetic nephropathy.
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Introduction
Diabetes mellitus is becoming more common worldwide, 

which makes it a major health concern. Globally, there are 
currently 537 million people with diabetes mellitus. By 2045, 
that number is predicted to rise to 783 million.1Advanced 
age, obesity, unhealthy lifestyle choices like inactivity, and 
poor diet quality are all blamed for the rising incidence of 
disease. Countries with lower and middle incomes have a 
higher burden of disease.2 In 2017, the estimated prevalence 
of diabetes mellitus in Africa was 3.3%, with Sudan being 
one of the nations with a prevalence of over 12%.3 The most 
frequent causes of end-stage renal disease are diabetes. About 
30% of people with diabetes develop diabetic nephropathy, 
one of the most common microvascular complications of the 
disease. One of the first indicators that diabetic nephropathy 
will develop is microalbuminuria.4

Renal ultrasonography and Doppler studies are non-
invasive and are frequently used to measure kidney size, assess 
renal parenchymal echogenicity and vascular alterations, 
and rule out potential obstructive uropathy.5 Renal Doppler 
imaging provides informative data on renal and intrarenal 
arterial flow. The renal resistive index (RI) and pulsatility 
index (PI), measured via non-invasive Doppler ultrasound, are 
considered valuable indicators for early detection of diabetic 
nephropathy (DN). These indices explore the blood flow 
resistance in the renal arteries.6 Sugiura et al.7 reported that 
an increase in renal RI has been linked with vascular lesions, 
tubulointerstitial damage, and glomerulosclerosis. The PI 
is another Doppler parameter that has not been extensively 
studied; most previous studies focused on RI alone. Studies 
conducted in Sudan have assessed Doppler imaging’s utility 
for diagnosing diabetic nephropathy in patients with type 2 
diabetes (T2D), but have not examined its correlation with 
other clinical and biochemical parameters. This study aimed 
to investigate the relationships between Doppler indices (RI, 
PI, PSV, and EDV) and clinical and biochemical parameters in 
patients with T2D, including body mass index (BMI), diabetes 
duration, albuminuria, HbA1C, and GFR. The outcomes of 
this study would aid early diagnosis and treatment of diabetic 
nephropathy and provide more thorough insight into its 
pathophysiology.

Materials and Methods
Study Design and Study Population

This hospital-based, cross-sectional study was 
conducted among adult diabetic patients from April 2021 
to March 2023. The sample included adults aged 18 years 

or older with a known diagnosis of T2D and who attend 
diabetes or nephrology clinics in the study area. Any patient 
with congenital kidney abnormalities or other primary 
renal pathologies unrelated to diabetes and those with acute 
renal injury or ongoing use of nephrotoxic drugs that could 
confound renal function measurements were excluded. A 
convenience sample of 150 consecutive diabetic patients who 
met the inclusion criteria was enrolled. 
Clinical and Demographic Data

The demographic and clinical data include age, sex, 
body mass index (BMI), Duration of diabetes mellitus, and 
Glycemic control as measured by hemoglobin A1c (HbA1c).
Biochemical Investigations

Blood Urea Nitrogen (BUN) and Serum Creatinine (Cr): 
Measured using automated methods in the hospital laboratory.

Estimated Glomerular Filtration Rate (eGFR): 
Calculated using the CKD-EPI equation.

Albuminuria: Classified as normoalbuminuria 
(<30 mg/day), microalbuminuria (30–300 mg/day), or 
macroalbuminuria (>300 mg/day).
Ultrasound Examinations

Grayscale and renal Doppler ultrasound were applied. 
For conventional B-mode ultrasound, the kidney dimensions 
(length, width, and parenchymal thickness) and cortico-
medullary differentiation were assessed using a 3.5  MHz 
convex probe. Subsequently, intrarenal vessels (interlobar or 
arcuate arteries) were sampled to measure Doppler indices. The 
peak systolic velocity (PSV), end-diastolic velocity (EDV), 
and acceleration time (AT) were recorded (Figure 1). Normal 
RI was defined as ≤0.70; High RI was defined as >0.70, and 
normal PI was considered ≤1.1; High PI was defined as >1.1.

Statistical Analysis
The data were analyzed using SPSS version 27 and the 

DATAtab online statistical calculator. In descriptive statistics, 
mean ± standard deviation (SD) and standard error of the mean 
(SEM) were used for continuous variables, and frequencies 
and percentages were used for categorical variables. Then the 
patients were stratified by eGFR stages (1–3), albuminuria 
categories (normo-, micro-, macroalbuminuria), glycemic 
control (HbA1c <7%, 7–8%, >8%), and diabetes duration 
(<5 years, 5–10 years, >10 years). Comparisons of means and 
Pearson’s correlation were used to assess differences in gray-
scale ultrasound parameters and Doppler indices across groups. 
Multiple comparisons were performed with one-way ANOVA 
and a post-hoc Tukey HSD test.The probability value of P<0.05 
was considered statistically significant.

                A                                                B
Fig. 1. Doppler ultrasound showing high (A) and normal (B) 
Resistive Index (RI) and Pulsatility Index (PI)
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Results
A total of 150 adult T2D patients, with a mean age of 

51.2 ± 8.4 years, were included in the study. Females slightly 
predominated (55.3%). Regarding diabetes duration, 62.7% 
were in the first 10 years, 25.3% in 11-20 years, and 12.3% in 
more than 20 years. (Table 1).

Blood urea nitrogen (BUN) averaged 27.7±10.0 mg/dL. 
Serum creatinine averaged 0.90±0.33 mg/dL. Urine albumin levels 
averaged 25.5 ± 53.0 mg/dL, corresponding to normoalbuminuric 
in 82.0%, microalbuminuria in 14.7%, and macroalbuminuria 
in 3.3%. Based on eGFR, 64.0% of subjects were in Stage 1, 
22.7% in Stage 2, and 13.3% in Stage 3 CKD. 41.3% of patients 
show poor glycemic control, and 55.3% show elevated BUN. 
(Table 2, Table 3).

On Doppler assessment, the mean right RI was 0.69±0.06, 
and the left side was 0.68±0.06. The PI measures averaged 
1.41±0.32 (right) and 1.36 ± 0.30 (left) (Table 3).

The RI and PI revealed significant positive correlations 
with biomarkers of renal function, such as urea and creatinine 
(for RI: r=0.498 and r=0.5 [RK] and r=0.488 and r=0.495 
[LK], respectively (P<0.0001 in all cases), while for PI: 
r=0.508 and r=0.553 [RK] and r=0.481 and r=0.501 [LK], 
respectively, P<0.001 in all cases)). A significant negative 
correlation between the indices (RI, PI) and eGFR was 
observed in both kidneys (P<0.001). Furthermore, the age of 
T2D patients shows a weak positive correlation with Doppler 
PI and RI (Table 4, Figures 2 and 3). There was no significant 
correlation between PSV, AT,  and the duration of T2D, urea, 
Cr, GFR, and HbA1C (Table 4).

Regarding the relationship between kidney gray-scale 
measurements in T2D with normal and decreased eGFR, it 
was found that as eGFR decreased, kidney size and volume 
decreased slightly. At the same time, PSV and AT slightly 
increased with each reduction in eGFR. These variations were 
insignificant. The parameters most affected by reduced kidney 
function were PI and RI, which were significantly higher in 
patients with eGFR<90 mL/min/1.73 m² than in those with 
eGFR ≥90 mL/min/1.73 m² (P<0.001) (Table 5).

The study found a weak positive linear association 
between RI and Cr (R²=0.25 for both kidneys) (Figure 5), as 
well as between RI and urea (R²=0.24 for RK and R²=0.23 for 
LK) (Figure 6). There was an inverse weak linear association 
between GFR and RI in both kidneys (R²=0.25 for LK and 
R²=0.24 for RK) (Figure 7). 

Table 1.
Baseline characteristics of the study patients.

Characters Frequency Percent

Age, years
30-40 23 15.3
41-50 43 28.7
51-60 84 56.0

Gender
Female 83 55.3
Male 67 44.7

BMI

Underweight 19 12.7
Normal 104 69.3
Overweight 5 3.3
Obese 22 14.7

T2D duration, years
0-10 94 62.7
11-20 38 25.3
More than 20 18 12.0

Total 150 100.0

Table 2.
Laboratory tests and biomarkers of the study patients.

Lab test and biomarkers Categories N %

eGFR, mL/min/1.73 m²
Normal (More than 90) 96 64.0
Stage two (60-89) 34 22.7
Stage 3 (less than 60) 20 13.3

Albuminuria, mg/day
Normal (<30) 123 82.0
Microalbuminuria (30-300) 22 14.7
Macroalbuminuria (>300) 5 3.3

HbA1C, %
4-6 (excellent control) 19 12.7
7-8 (Good control) 69 46
> 8 (Poor) 62 41.3

Urea, mg/dL
Low 1 0.7
Normal 66 44.0
Elevated 83 55.3

Total 150 100.0

Table 3.
Descriptive statistics of Doppler indices in the study patients.

Parameters Mean± SD
Age, years 51.25±8.43
BMI, kg/cm2 23.15±4.57
Duration of DM, years 11.02±7.52
Urea, mg/dL 27.72±10.23
Creatinine (cr), mg/dL 0.90±.33
eGFR, mL/min/1.73 m² 101.34±30.86
HbA1C, % 8.17±1.88
RK length, cm 10.02±.76
RK volume, cm3 147.72±43.21
R PSV, cm/sec 43.59±15.60
R EDV, cm/sec 13.72±6.64
R RI 0.70±.065
R PI 1.42±.33
R AT, msec 59.25±23.56
LK length, cm 10.11±.79
LK volume, cm3 158.02±44.45
L PSV, cm/sec 42.76±18.07
L EDV, cm/sec 13.40±5.38
L RI 0.69±.07
L PI 1.37±.30
R -right, L-left.
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Duration of T2D Urea Cr GFR HbA1C

R PSV
Pearson Correlation -0.012 0.084 0.013 -0.010 0.093
Sig. (2-tailed) 0.880 0.308 0.879 0.908 0.256

L PSV
Pearson Correlation -0.132 -0.008 -0.068 0.035 0.000
Sig. (2-tailed) 0.106 0.923 0.409 0.671 0.999

R RI
Pearson Correlation 0.150 0.498 0.500 -0.489 0.205
Sig. (2-tailed) 0.067 <0.001 <0.001 <0.001 0.012

R PI
Pearson Correlation 0.209 0.508 0.553 -0.524 0.174
Sig. (2-tailed) 0.010 <0.001 <0.001 <0.001 0.033

R AT
Pearson Correlation -0.040 0.030 -0.009 0.023 0.010
Sig. (2-tailed) 0.624 0.719 0.908 0.779 0.904

L RI
Pearson Correlation 0.216 0.488 0.495 -0.507 0.146
Sig. (2-tailed) 0.008 <0.001 <0.001 <0.001 0.074

L PI
Pearson Correlation 0.215 0.481 0.501 -0.490 0.143
Sig. (2-tailed) 0.008 <0.001 <0.001 <0.001 0.081

L AT
Pearson Correlation -0.026 0.131 0.086 -0.078 0.029
Sig. (2-tailed) 0.750 0.109 0.297 0.342 0.722

R – right, L – left, Weak Pearson correlation, Moderate Pearson correlation

Fig.2. Correlation heatmap to assess the relationship 
between duration, lap profile, and Doppler parameters in 
the T2D group.

Fig.3. Correlation heatmap to assess the relationship 
between gray-scale ultrasound and Doppler parameters 
in the T2D group.

Table 4.

Results of the correlation analysis.

Fig. 4. Plot box for comparing mean kidney measurements 
and Doppler indices among T2D patients with normal, low, 
and elevated Cr levels.
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The study found that as albuminuria increased, Doppler 
RI and PI increased significantly (P<0.001 (Table 6).

Discussion
Numerous renal diseases, including obstructive kidney 

disease,8 renovascular hypertension,9 and parenchymal renal 
disease,10 have been examined using Doppler imaging sonography. 
We noninvasively examined intrarenal hemodynamic changes in 
patients with T2D  using sonography and Doppler imaging. It 
was found that T2D patients with nephropathy, characterized by 
elevated albuminuria and renal insufficiency, exhibited intrarenal 
hemodynamic alterations. Kidney diseases have been evaluated 
using the intrarenal RI and PI, measures of renal vascular 
alterations. Most previous studies used only RRI to evaluate 
renal artery flowmetry. The significance of this study is that it 
uses all Doppler parameters (RI, PI, PSV, EDV, and AT), which 
are associated with a faster decline in renal function.

Table 5.
Kidney measurements and Doppler indices in T2D patients with 
normal and low eGFR (mL/min/1.73 m²).

Parameters eGFR N Mean SD SEM P-value

RK length, cm
≥90 96 10.031 0.7624 0.0778

0.744
<90 54 9.989 0.7615 0.1036

RK volume, cm3
≥90 96 146.876 46.0301 4.6979

0.740
<90 54 149.206 38.0462 5.1774

R PSV, cm/sec
≥90 96 43.304 14.9719 1.5281

0.771
<90 54 44.106 16.7952 2.2855

R RI
≥90 96 0.6822 0.06315 0.00645

<.001
<90 54 0.7289 0.05881 0.00800

R PI
≥90 96 1.3203 0.26431 0.02698

<.001
<90 54 1.5898 0.35347 0.04810

R AT, msec
≥90 96 58.90 23.468 2.395

0.810
<90 54 59.87 23.928 3.256

LK length, cm
≥90 96 10.169 0.8278 0.0845

0.199
<90 54 10.002 0.7178 0.0977

LK volume, cm3
≥90 96 159.668 48.4076 4.9406

0.515
<90 54 155.083 36.6076 4.9817

L PSV, cm/sec
≥90 96 42.526 17.8538 1.8222

0.835
<90 54 43.178 18.6090 2.5324

L RI
≥90 96 0.6675 0.06209 0.00634

<0.001
<90 54 0.7196 0.05798 0.00789

L PI
≥90 96 1.2871 0.27132 0.02769

<0.001
<90 54 1.5148 0.29908 0.04070

L AT, msec
≥90 96 57.48 21.500 2.194

0.229
<90 54 62.57 29.816 4.057

Fig. 5. Relationship between RI and Cr level.

     Fig. 6. Relationship between RI and urea level.

       Fig. 7. Relationship between RI and eGFR.

Table 6.
Kidney measurements and Doppler indices among T2D patients with different albuminuria ranges.

Albuminuria R RI P-value R PI P-value L RI L PI P-value
<30 mg/day 
n=123 [1]

Mean 0.68
F=43.8495
P=0.0000
P1-2=0.0000
P1-3=0.0000
P2-3=0.4259

1.34
F=25.2487
P=0.0000
P1-2=0.0000
P1-3=0.0001
P2-3=0.4483

0.67
F=40.2075
P=0.0000
P1-2=0.0000
P1-3=0.0000
P2-3=0.9081

1.30
F=30.9016
P=0.0000
P1-2=0.0000
P1-3=0.0000
P2-3=0.0991

SD 0.05 0.29 0.05 0.25
30-300 mg/day 
n=22 [2]

Mean 0.77 1.73 0.76 1.66
SD 0.04 0.25 0.04 0.25

> 300 mg/day
 n=5 [3]

Mean 0.80 1.9 0.77 1.92
SD 0.04 0.32 0.03 0.35

Total Mean 0.70 1.42 0.67 1.37
SD 0.07 0.32 0.06 0.30
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The study found that the RI and PI of the renal arteries 
in diabetic patients correlated significantly with biomarkers 
of renal function, such as urea and creatinine. It was also 
observed that both RI and PI were negatively correlated 
with GFR. In agreement with this finding, a previous study 
reported that serum creatinine and HbA1c were statistically 
significantly positively correlated with both RI and PI.11 

Additionally, Khalifa reported that the RI had a significant 
positive correlation with albuminuria, urea, creatinine, and 
HbA1c.5 Ishimura et al.12 reported that RRI values were 
significantly affected by creatinine clearance and duration 
of DM. The changes in PI and RI indicate severe renal 
hemodynamic dysfunction. These changes are caused by 
advanced microvascular damage, decreased renal compliance, 
and increased vascular stiffness.13

The present study found a strong negative relationship 
between Doppler parameters (RI and PI) and eGFR in both 
kidneys. Consistently, Guarav et al. reported a significant 
inverse relationship between RRI and eGFR.14 Soyoye et 
al.15 also reported a negative relationship between eGFR and 
PI and RI. Both PI and RI were significantly elevated when 
eGFR<90 mL/min/1.73 m². This elevation in RI reflects 
intrarenal vascular resistance, indicating increased renal 
vascular resistance and microvascular alterations linked to 
diabetic nephropathy. This correlation may be used as an early 
objective indicator of renal impairment. Therefore, both PI 
and RI are helpful, non-invasive methods for tracking disease 
course and assessing risk in diabetic patients.

The other Doppler parameters, PSV and EDV, showed 
no significant association with eGFR in our study. In agreement 
with this finding, Chen et al. reported that eGFR was not 
significantly correlated with PSV or EDV.16 They reported that 
the PSV increased significantly with CKD progression.

Some studies found moderate-to-strong correlations 
between PSV, EDV, and eGFR, whereas others reported no 
significant association.17,18 This could be attributed to variations 
in patient populations, study methodologies, and the specific 
arteries measured (renal artery vs. intrarenal arteries). While 
renal artery PSV and EDV may be influenced by factors such 
as age and may not directly correlate with eGFR as intrarenal 
Doppler parameters do, some studies suggest that interlobar 
EDV is a powerful indicator of renal function.

Uncontrolled diabetes affects kidney vascularity and can 
be detected by elevated RI and PI. In this study, the RI and 
PI increased significantly with HbA1C, showing a positive 
linear correlation. In agreement with this finding, Sharma et 
al. reported that RI and PI exhibited a statistically significant 
positive connection with HbA1c.11 Additionally, Miyoshi et al. 
reported a positive correlation of RI with HbA1c.19 In contrast, 
Lotfinejad and Khan reported that RI was not significantly 
correlated with HbA1c.20,21 

The study found significant positive correlations between 
T2D duration and PI, as well as between T2D duration and 
RI. Nasir et al.22 also found a significant correlation between 
renal RI and T2D duration. Additionally, Youseff and Fawzy 23 

reported that the increase in RI correlated significantly with the 
duration of DM.Most of these studies focused on the impact of 
renal RI rather than PI. However, our study found that PI has 

the same impact, and when used together, they could provide 
accurate results and a better evaluation of renal vascularity in 
diabetic patients.

The study found that the renal artery RI and PI increased 
significantly in patients with macroalbuminuria compared to 
those with microalbuminuria and no albuminuria, as reported 
by Hamano et al.24 Consistent with our findings, they also 
found that the RI values were higher in DM patients with 
albuminuria than in those without albuminuria. Nosadini et 
al.25 reported that increased renal RI can predict progression 
of renal function in T2D with microalbuminuria, even when 
GFR remains normal.

In general, this study supports the use of renal Doppler 
ultrasonography as a useful supplement to biochemical 
evaluation in DN. The consistent associations between RI and 
PI and indicators such as creatinine, urea, HbA1c, albuminuria, 
and eGFR highlight that kidney vascular alterations can be 
identified before any obvious biochemical decline. Together 
with data from earlier studies, these results suggest that 
incorporating Doppler parameters into clinical practice may 
improve the early detection of renal impairment, especially 
in patients with long disease duration or poor glycemic 
control. Renal Doppler assessment, when used in conjunction 
with standard laboratory testing, offers a more thorough 
understanding of the course of diabetic kidney disease and 
may help direct prompt interventions to reduce its burden.

This study has some limitations that should be considered. 
Firstly, the relationship between the biochemical markers and 
the Doppler indices might be affected by temporal changes 
and disease progression. In addition, the study was conducted 
at a single tertiary care center and used a convenience sample 
of 150 patients, which further limits the generalizability of 
the results. In addition, the potential confounding factors of 
co-existing hypertension, use of nephrotoxic drugs, and other 
microvascular changes may not be adequately controlled. 
Also, the inter- and intra-observer variability of Doppler 
measurements could affect the reproducibility of some results. 
Further longitudinal multi-center studies with larger, more 
representative, and more diverse populations are needed to 
generalize the study findings.

Conclusion 
Our study highlights the significant correlations between 

biochemical markers of renal function (especially eGFR and 
albuminuria) and Doppler ultrasound findings (RI and PI) in 
diabetic patients. Poor glycemic control and longer disease 
duration are each linked to higher Doppler indices and worse 
biochemical profiles, underscoring the multifactorial nature 
of DN progression. These results support the adjunctive value 
of renal Doppler in early detection and monitoring of DN, 
encouraging clinicians to combine biochemical and Doppler 
imaging assessments to optimize patient outcomes.
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Abstract
Background: Stunting is a nutritional problem that often affects children worldwide. Leptin and adiponectin are essential in 
modulating bone metabolism and, consequently, skeletal growth and height. This study aims to analyse leptin and adiponectin 
levels in stunted children and normal children and to determine the threshold values of leptin and adiponectin as early biomarkers 
of stunting.
Methods and Results: A case-control study was conducted in the working area of Kota Ruteng Primary Health Center Care, in 
Manggarai Regency, East Nusa Tenggara, Indonesia, from September to December 2024. The subjects were randomly selected 
from children aged 24-60 months. A total of 80 children, including 38 boys and 42 girls, were enrolled and divided into a stunting 
group (n=40) and a non-stunting group (n=40).
Multivariate analysis demonstrated that age 2–3 years, premature birth, low birth weight, and height were significant determinants 
of stunting, while leptin and adiponectin were independently associated with increased risk. ROC analysis showed that leptin had 
moderate discriminatory ability (AUC = 0.630; cut-off <2.18 ng/mL), whereas adiponectin yielded an AUC of 0.266 with a cut-off 
<29.5 ng/mL
Conclusion: Stunted children have higher leptin levels, and their height and adiponectin levels are lower than those of non-stunted 
children. Leptin and adiponectin levels can be used as early biomarkers of stunting.(International Journal of Biomedicine. 
2026;16(1):78-82.)
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Introduction
Infancy and childhood are periods of rapid growth, 

requiring a high intake of energy-rich foods. Inadequate 
food intake, both in terms of quality and quantity, 

leads to stunting.1 Stunting has a severe impact on 
children’s future, such as cognitive impairment, chronic 
diseases, and even mortality.2 The causes of stunting are 
multifactorial, including malnutrition, infection, and 
chronic inflammation.3
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In addition to growth hormone, adipokines (leptin and 
adiponectin) also influence child growth and development, 
energy regulation, and glucose homeostasis.4 Leptin and 
adiponectin play a role in regulating metabolic function and 
growth rate in children, such as weight and height.5 Most 
previous studies have examined the relationship between 
leptin and adiponectin and obesity, such as cohort studies in 
Korea,6 Brazil,7 and Spain.8 Conversely, there is still little 
research evidence examining leptin and adiponectin in stunted 
children, such as in the Philippines9 and Bangladesh,10 in 
different populations, such as fetuses, one-month-old, and 
6-month-old children, and the results are still controversial, so 
further research is needed.

Although adipokines such as leptin and adiponectin 
are known to influence growth, there is still a significant gap 
in understanding their specific relationship with stunting in 
children in underdeveloped areas. Most studies have focused 
on urban populations or developed countries, making research 
in rural and marginalized communities a priority, as stunting 
is most prevalent in these areas. Addressing this gap could 
provide valuable insights into preventing and managing 
stunting in vulnerable populations. The relationship between 
serum leptin and adiponectin levels and stunting in children 
aged 24–60 months is still poorly understood. Given their role 
in regulating metabolism and growth, these adipokines may be 
valuable biomarkers for predicting stunting. This study aims 
to explore the relationships among leptin, adiponectin, and 
stunting in children aged 24–60 months, and to identify the 
threshold values of leptin and adiponectin that can serve as 
predictive biomarkers for stunting. 

Methods
Study Population

This study was a case-control study in children aged 24-
60 months in the working area of the Kota Ruteng Primary 
Health Center Care, Manggarai, Indonesia, spread across 
eleven sub-districts (Laci, Carep, Compang Carep, Bangka 
Nekang, Karot, Mbaumuku, Pitak, Pocomal, Satar Tacik, 
Tadong, and Watu) from September to December 2024. The 
subjects were randomly selected, with a sample size of 80 
(40 stunted and 40 normal children). The inclusion criteria 
for the case group in this study were: parents willing to serve 
as research respondents and children with a height-for-age 
z-score < -2SD. The inclusion criteria for the control group 
were parents willing to serve as research respondents and 
children with height-for-age z-scores ≥ -2SD. This study 
excluded children with parental heights (father and mother) 
≤145 cm, children with congenital abnormalities, and children 
who were ill at the time of the study.
Anthropometric Measurements

Respondents’ body weight was measured using a 
SECA 334 standing baby scale or a SECA 813 standing scale 
(Hamburg, Germany) and recorded in grams. Respondents’ 
height/length was measured using a SECA 416 infantometer 
or SECA 213 stadiometer (Hamburg, Germany) and recorded 
in centimeters. HAZ/LAZ of each respondent was calculated 
based on height/length, using the WHO child growth 

standards. Stunting was determined if the HAZ/LAZ z-score 
was less than -2SD.
Blood Chemistry Measurements

Blood samples were collected and processed by a 
professional laboratory. 5 mL of venous blood was collected 
from respondents into EDTA tubes, centrifuged for 10 minutes 
at 4000 rpm, and immediately quenched. Aliquots were stored 
at -20°C until analysis. All biomarkers were analyzed using 
commercially available enzyme-linked immunosorbent 
assay (ELISA) kits from Diagnostic Biochem Canada 
(DBC) according to the manufacturer’s instructions. Leptin 
ELISA Kit (CAN-L-4260, DBC, Inc., London, Canada) and 
adiponectin ELISA kit (CAN-APN-5000, DBC, Inc., London, 
Canada). Results were read using an ELSA microplate reader 
series 17539 in the Institute of Tropical Diseases, Airlangga 
University, Surabaya. Concentrations were calculated against 
standards for each biomarker.
Predictive Analytics Approach

To enhance the analytical value, logistic regression 
results and ROC curves were used to identify predictive 
thresholds for implementation in digital health dashboards or 
decision-support systems. The model’s performance indicators 
(AUC, sensitivity, and specificity) were assessed to evaluate 
their potential for stunting risk classification.
Statistical analysis

Statistical analysis was performed using IBM SPSS 
version 20.0. The normality of the data distribution was tested 
using the Shapiro-Wilk test for continuous data (P>0.05). 
Baseline characteristics were summarized as frequencies 
and percentages for categorical variables and mean ± 
standard deviation (SD) for continuous variables. Bivariate 
analysis used the Chi-Square test or Fisher’s Exact Test for 
categorical variables, while continuous variables used the 
independent t-test for normally distributed data or the Mann–
Whitney U test for non-normal distributions. Variables with 
P-value < 0.25 at the bivariate stage were then entered into a 
multivariate logistic regression model. The probability value 
of P-value <0.05 was considered statistically significant. 
Receiver operating characteristic (ROC) curves were used to 
determine leptin and adiponectin cut-off values in predicting 
stunting.

Results
There were 80 children in total, 40 of whom experienced 

stunting and 40 healthy children, consisting of 38 boys and 42 
girls. The characteristics of the respondents are summarized 
in Table 1. There was a difference in age between groups 
(P=0.000). Stunted children significantly had a history of 
premature birth (P=0.018) and low birth weight (P=0.002). As 
expected, stunted children experienced a significant decrease 
in body weight (10.56±1.92 vs. 14.18±2.11 kg; P=0.000) 
and a significantly shorter height (83.69±6.74 vs. 95.47±6.20 
cm; P=0.000) compared to the control group. Leptin levels 
(2.234±1.978 vs 1.278 ± 0.928 ng/mL; P=0.045) were higher 
in stunted children than in controls. In contrast, compared to 
controls, adiponectin levels (26.822±10.194 vs 37.939±15.624 
ng/mL; P=0.000) were lower in stunted children.
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The multivariate model was developed using the 
Forward Wald method. The Hosmer–Lemeshow goodness-of-
fit test indicated that the model fit the data well (P=0.879). 
Multivariate logistic regression (Table 2) showed that children 
aged 2–3 years had a higher risk of stunting (OR=0.302; 
P=0.006), while premature birth remained a significant 
predictor (OR=0.455; P=0.001). Low birth weight indicated 
a tendency toward increased risk (OR=0.786; P=0.019), and 
height demonstrated a protective effect (OR=0.683; P=0.045). 
Leptin (OR=2.728; P=0.025) and adiponectin (OR=4.925; 
P=0.001) were both significantly associated with elevated 
stunting risk. These findings indicate that birth characteristics, 
anthropometric status, and metabolic biomarkers collectively 
influence stunting in children.

Based on the area under the curve (AUC), leptin can 
predict stunting with an AUC of 0.630 (95% CI=0.509-0.0752). 
The cut-off value of leptin in detecting stunting is <2.18 ng/mL 
(sensitivity 37.5% and specificity 85.0%, P=0.045) (Figure 1). 
Based on the area under the curve (AUC), adiponectin can be 
predicted at 0.266 (95% CI=0.158-0.375). The cut-off value of 
adiponectin in detecting stunting is <29.5 ng/mL (sensitivity 
32.5% and specificity 67.5%, P=0.000) (Figure 2).

Discussion
Premature births and LBW children experience short 

stature in the first 5 years of life and experience a 10% decrease 
in height until adulthood. This is caused by abnormalities in 
growth hormones, such as insulin-like growth factor (IGF), 
and by the accumulation of network adipose tissue.11 In 
addition, children with premature births will experience the 
phenomenon of catching up on growth in infancy, so that 
the accumulation of fat mass is faster than muscle mass in 
childhood.12 Leptin circulation in the blood can regulate food 
intake and nutrient metabolism, impacting nutritional status. 
Leptin regulates glucogenesis and gluconeogenesis, maintains 
metabolic homeostasis, suppresses appetite, and increases 
energy expenditure.

Table 1. 
Demographic characteristics and biochemical parameters.

Characteristics Group
P-value

Stunting (n=40) Normal (n=40)
Age

2-3 years
>3 – 5 years

18 (45.0%)
22 (55.0%)

19 (47.5%)
21 (52.5%) 0.000a

Birth History
Premature
Normal

6 (15.0%)
34 (85.0%)

0
40 (100.0%) 0.018b

Birth Weight
LBW
Normal

10 (25.0%)
30 (75.0%)

0
40 (100.0%) 0.002b

Body Weight, kg 10.56 ± 1.92 14.18 ± 2.11 0.000c

Height, cm 83.69 ± 6.74 95.47 ± 6.20 0.000c

Leptin (ng/mL) 2.234 ± 1.978 1.278 ± 0.928 0.045c

Adiponectin (ng/mL) 26.822 ± 10.194 37.939 ± 15.624 0.000c

 
a Chi-square test; b Fisher’s Exact Test; cMann-Whitney U.

Table 2.
Logistic regression risk factor with stunting.

Variables P-value OR
95% CI

Lower Upper
Age

>3 – 5 years (Reff)
2-3 years 0.006 0.302 0.027 1.044

Birth History
Normal (Reff)
Premature 0.001 0.455 0.334 1.506

Birth Weight
Normal (Reff)
LBW 0.019 0.786 0.404 1.214

Body Weight, kg 0.991 1.0302 1.044 1.062

Height, cm 0.045 0.683 0.470 2.065

Leptin (ng/mL) 0.025 2.728 1.072 4.784

Adiponectin (ng/mL) 0.001 4.925 0,882 6.970

OR = Odds Ratio; CI = Confidence Interval.

Figure 1. The ROC curve for the diagnostic 
accuracy of leptin in detecting stunting.

Figure 2. The ROC curve for the diagnostic 
accuracy of adiponectin in detecting stunting.
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Adequate, stable energy balance generally maintains 
healthy leptin levels. The average leptin levels of stunted 
children aged 6-8 years were higher than those of non-stunted 
children.1314 Our study supports this data, as leptin levels were 
higher in stunted children. 

The cut-off value of leptin in stunted children was 
<2.18 ng/mL. This finding supports the evidence that low 
leptin levels are closely associated with impaired linear 
growth. The role of leptin in growth regulation is more 
complex than its function as an indicator of fat mass; it also 
acts as an energy-metabolism regulator and influences bone 
development, including the epiphyseal growth plate, which 
is essential for height gain.15 A low cut-off value may reflect 
deficits in adipose tissue and energy reserves, conditions that 
can disrupt hormonal signaling required for linear growth and 
reduce the potential for catch-up growth in stunted children.16 

Therefore, future interventions aimed at improving leptin 
levels may contribute to more effective stunting prevention 
and management.

Adiponectin also plays a critical role in metabolic 
regulation, energy homeostasis, and the link between fat 
metabolism and bone health. Disruptions in fat oxidation are 
associated with an increased risk of fat accumulation, thereby 
increasing vulnerability to a high-fat diet among stunted 
adolescents.17 Low-fat and energy intake during childhood can 
reduce growth factors, such as IGF hormones, and loss of fat 
mass can result in low adiponectin levels.18

The establishment of an adiponectin cut-off value of 
<29.5 ng/mL in the present study suggests that children aged 
24–60 months with reduced adiponectin levels may be at 
increased risk of stunting. This relationship is biologically 
plausible, as adiponectin plays a central role in regulating 
energy homeostasis, insulin sensitivity, and lipid metabolism, 
all of which are integral to linear growth and bone tissue 
development. Lower circulating adiponectin may impair 
anabolic pathways involved in chondrocyte maturation, 
osteoblast activity, and overall skeletal growth, thereby 
contributing to growth faltering.19,20 These findings support 
the potential use of adiponectin as an adjunctive biomarker for 
early identification of stunting risk. Incorporating adiponectin 
measurement into routine screening could complement 
conventional anthropometric assessment, particularly in 
regions with high stunting prevalence or in settings where 
standardized equipment for height and weight measurement 
is limited. This biomarker-based approach may enhance the 
detection of growth disturbances at earlier stages, allowing for 
more timely and targeted interventions. 

The strengths of this study include its focus on a 
specific population of stunted children and its contribution 
of significant regional data to the worldwide literature on 
stunting. The strategic use of leptin and adiponectin as 
biomarkers is a reasonable approach to understanding the 
mechanisms underlying child stunting. Using ROC curves 
to find optimal cut-off values adds complexity, but, more 
importantly, ROC analysis helps identify the threshold that 
maximizes overall sensitivity and specificity. Meanwhile, 
this study also has several limitations. First, data collection 
in this study was conducted on a single occasion without a 

follow-up period, which can introduce bias in the observations 
because it cannot account for seasonal variations or changes in 
children’s lifestyles over time. Observations conducted over a 
longer period can yield more representative results. Second, 
this study is a single-center study with a small sample size. It 
was also performed at a community health center. Finally, this 
study did not measure body fat mass in stunted children, so 
it cannot identify the causes and risk factors that affect leptin 
and adiponectin levels.

Conclusion
Leptin levels are significantly higher in stunted children, 

while adiponectin levels are considerably lower than in non-
stunted children. Low adiponectin levels are more likely to 
stymie than high leptin levels. The findings demonstrate 
the potential to integrate leptin and adiponectin biomarker 
analysis into predictive-analytic frameworks for early stunting 
detection.
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Abstract 
Background: Childhood overweight and obesity are major public health concerns, yet evidence on key sociodemographic and 
familial risk factors in Albania is limited. This study examined associations between overweight (including obesity) and sex, 
residence, parental education, and parental chronic health conditions among children aged 8–9 years.
Methods: Data were drawn from the nationally representative Assessment of Childhood Obesity and Impact of the COVID-19 
Pandemic on the Daily Routine and Behaviors of School-Aged Children in Albania, conducted within WHO COSI Round 6. 
A one-stage stratified cluster sampling of primary schools was applied. Anthropometric measurements were collected, and 
parents reported chronic health conditions. Logistic regression analyses assessed associations between overweight/obesity and 
sociodemographic and parental health factors, adjusting for confounders.
Results: Among 3,058 children (50.3% boys; 62.6% urban), overweight prevalence was higher in boys, urban residents, and 
children of parents with medium or higher education. Parental chronic conditions, including hypertension, diabetes, and high 
cholesterol, were associated with increased odds of child overweight. Adjusted analyses confirmed male sex (OR=1.40), urban 
residence (OR=1.34), and parental multimorbidity (OR up to 1.47) as significant predictors.
Conclusion: Childhood overweight in Albania is shaped by sex, urbanization, parental education, and parental chronic health 
conditions, reflecting combined lifestyle, environmental, and intergenerational influences.(International Journal of Biomedicine. 
2026;16(1):83-89.)
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Introduction
Childhood overweight and obesity represent one of the 

most serious and persistent public health challenges of the 
21st century. Globally, the prevalence of excess body weight 
among children and adolescents has increased markedly over 
recent decades, reaching levels that justify its classification as 
a public health pandemic.1-3

In Europe, surveillance data consistently demonstrate 
high prevalence rates of childhood overweight and obesity, 
with only limited evidence of stabilization in some countries.4,5 

Data from the WHO European Childhood Obesity Surveillance 
Initiative (COSI) provide robust and comparable evidence 
on the magnitude and distribution of childhood overweight 
and obesity across the WHO European Region.4 Findings 
from the sixth round of data collection (2022–2024) confirm 
that childhood overweight and obesity remain widespread, 
with substantial variation across countries and population 
subgroups, underscoring the need for sustained surveillance 
and targeted prevention strategies.6 Importantly, COSI data 
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indicate that obesity-related inequalities emerge early in life and 
tend to persist over time, contributing to long-term health and 
socioeconomic burdens.

Sex differences constitute a well-established dimension 
of childhood obesity epidemiology. Across many European 
countries, boys exhibit higher prevalence rates of overweight 
and obesity compared with girls, although the magnitude 
and direction of these differences vary by context and age 
group.4,5 Emerging evidence further suggests that gender-
specific differences in dietary behaviors, physical activity, and 
sedentary lifestyles may contribute to these disparities.7,8

Place of residence represents another key determinant 
of childhood overweight and obesity. Numerous studies have 
documented significant rural–urban differences in obesity 
prevalence, physical activity, dietary patterns, and food security 
among children and adolescents.9-12 In many settings, children 
residing in rural areas face a higher risk of overweight and 
obesity than their urban counterparts, potentially reflecting 
structural disadvantages related to access to healthy foods, 
opportunities for physical activity, and health-promoting 
environments.13

Socioeconomic position, particularly parental education, 
is among the most consistent predictors of childhood overweight 
and obesity. Lower parental educational attainment has been 
repeatedly associated with higher obesity prevalence among 
children across Europe and globally, reflecting inequalities in 
health literacy, dietary quality, and capacity to support healthy 
behaviors within the household.2,4,14

Beyond sociodemographic factors, increasing attention 
has been directed to the role of parental health status in shaping 
the risk of childhood obesity. Evidence suggests that parental 
chronic health conditions, including hypertension, diabetes, 
hypercholesterolemia, and metabolic syndrome, are associated 
with a higher likelihood of overweight and obesity in offspring, 
likely due to a combination of genetic susceptibility and shared 
environmental and behavioral factors.15-19 Despite the growing 
international evidence base, comprehensive analyses examining 
the combined influence of sex, rural–urban residence, parental 
education, and parental chronic health conditions on childhood 
overweight and obesity remain limited in several countries, 
including Albania. Addressing this gap is essential to informing 
equitable, context-specific public health interventions.

The aim of the present study was therefore to examine the 
association between childhood overweight (including obesity) 
and key sociodemographic factors (sex, place of residence, and 
parental education level), as well as parental chronic health 
conditions (high blood pressure, diabetes, and high cholesterol), 
among Albanian children aged 8–9 years, using nationally 
representative data from the Assessment of Childhood Obesity 
and Impact of the COVID-19 Pandemic on the Daily Routine 
and Behaviors of School-Aged Children in Albania, conducted 
within the framework of the WHO European Childhood Obesity 
Surveillance Initiative (COSI). 6,20

Methods
Participants

This study is a secondary, in-depth analysis of data 
derived from the Assessment of Childhood Obesity and the 

Impact of the COVID-19 Pandemic on the Daily Routine 
and Behaviors of School-Aged Children in Albania,19 

conducted within the framework of the WHO European 
Childhood Obesity Surveillance Initiative (COSI), Round 6, 
and implemented in accordance with a standardized protocol 
developed by the WHO Regional Office for Europe.21

The study population consisted of children attending 
the second and third grades of the nine-year compulsory 
education system in Albania. For the purposes of this analysis, 
only children aged 8.00–8.99 years were included, in line with 
the COSI protocol and to ensure comparability with previous 
survey rounds.21 A one-stage stratified cluster sampling design 
was applied, with primary schools serving as the primary 
sampling units. Schools were stratified by region and selected 
with probability proportional to size. Within each participating 
school, one second-grade and one third-grade class were 
randomly selected.

Although anthropometric measurements were collected 
from a larger cohort during fieldwork, the final analytical 
sample included only children aged 8.00–8.99 years who 
were present on the day of measurement, whose parents 
or guardians provided informed consent, who had valid 
anthropometric measurements, and whose parents completed 
the questionnaire on chronic health conditions.

A detailed description of the COSI survey methodology 
as implemented in Albania is available elsewhere.20

Instruments
Data were collected using standardized instruments 

developed by the World Health Organization for the COSI 
study.21 These instruments included a child record form, 
completed by trained examiners to collect anthropometric 
measurements, and a voluntary family questionnaire completed 
by parents or caregivers.

The family questionnaire collected information 
on child behavioral characteristics, as well as household 
sociodemographic and health characteristics, including 
parental education level and parental chronic health conditions 
(elevated blood pressure, diabetes, and high cholesterol). 
These variables constitute the primary exposures examined in 
the present analysis.
Procedure and study variables

Outcome variables: The primary outcome was child 
overweight, including obesity, defined using WHO body 
mass index (BMI)-for-age z-scores for children aged over 
5 years. Overweight was defined as a BMI-for-age > +1 
standard deviation (SD), and obesity as a BMI-for-age > 
+2 SD, in accordance with WHO growth references.22,23 
For analysis, overweight and obesity were combined into a 
single category.

Exposure variables: Sociodemographic characteristics 
of the children included sex, place of residence (urban/
rural), and parental education level. Parental education was 
categorized as low (both parents with lower education), 
medium (one parent with lower education and one with higher 
education), or high (both parents with higher education). Lower 
education was defined as completion of primary education, 
lower secondary education, or upper secondary/post-secondary 
non-tertiary education, while higher education included short-
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cycle tertiary, bachelor’s, master’s, or doctoral degrees. In 
single-parent households, parental education classification 
was based on the education level of the responding parent, in 
line with the COSI analytical framework.24

Statistical Analysis
Data were analyzed using SPSS software, version 21. 

Descriptive statistics were used to summarize the characteristics 
of participating children and their parents. Associations between 
child overweight (including obesity) and sociodemographic 
characteristics, as well as parental chronic health conditions, 
were examined using logistic regression analyses. Both crude 
(unadjusted) and multivariable-adjusted odds ratios (ORs) 
with 95% confidence intervals (CIs) were estimated. Statistical 
significance was defined as P≤0.05. A separate logistic 
regression analysis was conducted to identify predictors of 
overweight (including obesity) after excluding underweight 
children (n = 100; 3.2% of the total sample). In this restricted 
sample, both crude and multivariable-adjusted binary logistic 
regression models were applied to assess associations with 
(a) demographic and socioeconomic factors and (b) parental 
chronic health conditions.

Results
General Characteristics of Participants

Among the participating children, 50.3% were boys, 
and 62.6% had urban residence. More than two-thirds of 
parents (67.8%) had a high level of education, about 14% had 
a medium level of education, and 18.3% had a low level of 
education. The Prevalence of overweight (including obesity) 
was significantly higher among boys than girls (55.2% vs. 
44.8%, respectively), among urban than rural residents (67.9% 
vs. 32.1%), and among children of low education parents 
(63%) compared to medium (16.4%) and high education level 
parents (20.6%) (Table 1).

The prevalence of parental high blood pressure, 
high cholesterol, and diabetes was 21%, 19.7% and 23.1%, 
respectively, with about 19% of parents having 1 chronic 
condition and 2-3 chronic conditions each. The prevalence of 
overweight was significantly higher among children of parents 
with high blood pressure, high cholesterol, diabetes, and 1 or 
more chronic conditions (Table 1).
Association of Overweight with Demographic and 
Socioeconomic Factors

In unadjusted logistic regression analyses (Table 2, upper 
panel), several demographic and socioeconomic characteristics 
were significantly associated with overweight (including 
obesity). Boys were 1.33 times more likely to be overweight 
compared with girls (OR=1.33, 95% CI: 1.14–1.55, P<0.001). 
Likewise, urban residence was associated with a 1.4-fold higher 
likelihood of being overweight compared with rural residence 
(OR=1.40, 95% CI: 1.19–1.64, P<0.001).

Medium and high parental education level was 
associated with a statistically significant increase in the 
likelihood of obesity by 1.42 and 1.33 times, respectively, 
compared to parents with a low level of education (OR=1.42, 
95% CI: 1.12-1.79, P=0.003 and OR=1.33, 95% CI: 1.08-
1.65, P=0.008, respectively).

Table 1.  
Characteristics of participating children and their parents.  

Variable Total Normal
(N=2103)

Overweight
(N=955) P-value

Gender
Boy
Girl

1537 (50.3)
1521 (49.7)

1010 (65.7)*

1093 (71.9)
527 (34.3)
428 (28.1)

<0.001

Residence
Urban 
Rural  

1913 (62.56)
1145 (37.44)

1265 (66.1)
838 (73.2)

648 (33.9)
307 (26.8)

<0.001

Parental education
Low 
Medium
High

1817 (18.2)
374 (14.0)
489 (67.8)

1295 (71.3)
238 (63.6)
318 (65.0)

522 (28.7)
136 (36.4)
171 (35.0)

0.001

Parental high 
blood pressure

No 
Yes

2037 (79.0)
542 (21.0)

1434 (70.4)
348 (64.2)

603 (29.6)
194 (35.8)

0.007

Parental high cholesterol
No 
Yes

2136 (80.3)
525 (19.7)

1513 (70.8)
322 (61.3)

623 (29.2)
203 (38.7)

<0.001

Parental diabetes
No 
Yes

1983 (76.9)
597 (23.1)

1394 (70.3)
386 (64.7)

589 (29.7)
211 (35.3)

0.010

Parental number of 
chronic conditions

None 
1 condition
2-3 conditions 

1528 (62.5)
461 (18.9)
455 (18.6)

1096 (71.7)
302 (65.5)
284 (62.4)

432 (28.3)
159 (34.5)
171 (37.6)

<0.001

Overweight (including obesity);*Numbers and row percentages (in 
parentheses). For the total, column percentages. Any discrepancy 
with the total number is due to missing data; P-value according to 
chi-square test. For a 2x2 table, the P-value according to Fisher’s 
Exact Test.

Table 2.  
Association of overweight (including obesity) with demographic and 
socioeconomic characteristics of the children; crude (unadjusted) 
odds ratios (OR) from binary logistic regression models.

Upper panel: Crude (unadjusted) ORs
Variable OR* 95%CI* P*

Gender
Boy
Girl

1.33
1.00

1.14-1.55
reference

<0.001

Residence
Urban 
Rural  

1.40
1.00

1.19-1.64
reference

<0.001

Parental education
Low
Medium
High

1.00
1.42
1.33

reference
1.12-1.79
1.08-1.65

0.002 (2) †

-
0.003
0.008

Lower panel: Multivariable adjusted ORs
Variable OR* 95%CI* P*

Gender
Boy
Girl

1.40
1.00

1.19-1.65
reference

<0.001

Residence
Urban 
Rural  

1.34
1.00

1.12-1.60
reference

0.002

Parental education
Low
Medium
High

1.00
1.32
1.22

reference
1.04-1.68

1.0.98-1.53

0.002 (2)†

-
0.021
0.074

*Odds ratios (OR: overweight including obesity vs. normal weight), 
95% confidence intervals (95%CIs) and P-values from binary logistic 
regression† Overall P-value and degrees of freedom (in parenthesis).
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After simultaneous adjustment for all demographic 
variables (gender, place of residence, and parental education), 
the associations remained largely consistent (Table 2, lower 
panel). Male gender remained a strong predictor (OR=1.40, 
95% CI: 1.19–1.65, P<0.001), indicating a 40% increased 
likelihood of overweight/obesity among boys compared to girls. 
Urban residence continued to be significantly associated with 
overweight/obesity (OR=1.34, 95% CI: 1.12–1.60, P=0.002). 

Regarding parental education, after adjusting for gender 
and place of residence, the association with obesity weakened 
slightly but remained statistically significant overall and for 
the medium education level, whereas it was only borderline 
significant for the high education level.
Association of Overweight with Parental Chronic Health 
Conditions

In the unadjusted models, overweight/obesity in children 
was significantly associated with several parental chronic health 
conditions (Table 3, upper panel). Children of parents with 
high blood pressure (OR=1.33, 95% CI: 1.09–1.62, P=0.006), 
high cholesterol (OR=1.30, 95% CI: 1.07–1.57, P=0.009), 
and diabetes (OR=1.53, 95% CI: 1.26–1.87, P<0.001) had 
significantly higher odds of being overweight.

Moreover, a dose–response pattern was evident for the 
number of parental chronic health conditions: with increasing 
parental health conditions, the likelihood of being overweight 
increased significantly. Children whose parents had two or three 
chronic health conditions had 53% higher odds of overweight/
obesity (OR=1.53, 95% CI: 1.23–1.90), while those with one 
condition had 34% higher odds (OR=1.34, 95% CI: 1.07–1.67), 
compared with children whose parents had no chronic health 
conditions (overall P<0.001).

After adjusting for the child’s gender, residence, 
and parental education, all associations retained statistical 
significance but weakened slightly across all variables (Table 
3, lower panel).

Discussion 
This national cross-sectional study, conducted among 

a large sample of school-aged children in Albania, identified 
several key sociodemographic and parental health factors 
associated with childhood overweight and obesity. The results 
indicate that male sex and urban residence were associated 
with a significantly higher likelihood of being overweight 
compared with female sex and residence in rural areas. 
Furthermore, children whose parents had medium or high 
educational attainment showed a significantly increased 
likelihood of being overweight. Notably, parental chronic health 
conditions, including hypertension, hypercholesterolemia, 
diabetes, and multimorbidity, were each significantly 
associated with a higher likelihood of childhood overweight, 
and these associations remained robust after adjustment for 
sociodemographic confounders. Moreover, the association 
between childhood overweight and parental multimorbidity 
followed a graded pattern, with the likelihood of childhood 
overweight increasing significantly as the number of parental 
morbidities increased.

Our findings are consistent with a substantial body 
of international evidence. In particular, the higher risk of 
overweight observed among boys in our study aligns with 
well-documented global and European patterns. The WHO 
European Childhood Obesity Surveillance Initiative (COSI) 
has consistently reported a higher prevalence of overweight 
among boys compared with girls in 31 out of 37 participating 
countries, including Albania and several neighboring 
countries, such as Italy, Greece, Croatia, Montenegro, and 
North Macedonia, as well as other former communist countries 
like Poland and Romania.6

Earlier pooled analyses based on three rounds of COSI 
data collected between 2007 and 2013, covering more than 
630,000 children aged 6–9 years across 21 European countries, 
also demonstrated that the prevalence of severe obesity was 
generally higher among boys than girls.5 Similar sex-specific 
patterns have been confirmed in later analyses examining 
trends in childhood overweight and obesity across Europe 
between 2007 and 2017.4

At the global level, a recent systematic review and meta-
analysis including data from 154 countries and over 45 million 
children and adolescents reported a significantly higher 
prevalence of obesity among boys than girls,1 reinforcing 

Table 3.  
Association of overweight (including obesity) with parental chronic 
health conditions of the children; crude (unadjusted) odds ratios 
(OR) from binary logistic regression models.

Upper panel: Crude (unadjusted) ORs
Variable OR* 95%CI* P*

Parental high blood pressure
No 
Yes 1.00

1.33
reference
1.09-1.62 0.006

Parental high cholesterol
No 
Yes

1.00
1.29

reference
1.07-1.57 0.009

Parental diabetes
No 
Yes

1.00
1.53

reference
1.26-1.87 <0.001

Parental number of chronic 
conditions

None
1 condition
2-3 conditions

1.00
1.34
1.53

reference
1.07-1.67
1.23-1.90

<0.001 (2) †

-
0.011

<0.001
Lower panel: Multivariable adjusted ORs

Variable OR* 95%CI* P*

Parental high blood pressure
No
Yes

1.00
1.25

reference
1.02-1.54 0.032

Parental high cholesterol
No
Yes

1.00
1.27

reference
1.04-1.55 0.018

Parental diabetes
No
Yes

1.00
1.51

reference
1.24-1.86

<0.001

Parental number of chronic 
conditions

None
1 condition
2-3 conditions 

1.00
1.29
1.47

reference
1.03-1.61
1.18-1.85

0.001 (2)†

-
0.029
0.001

*Odds ratios (OR: overweight including obesity vs. normal weight), 
95% confidence intervals (95%CIs), and P-values from binary logistic 
regression.† Overall p-value and degrees of freedom (in parentheses).
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the robustness and consistency of this sex differential across 
regions and income levels.

The higher prevalence of overweight among boys 
observed in Albania and its concordance with international 
findings may reflect gendered patterns in lifestyle behaviors 
that are relatively consistent across countries. These include 
differences in physical activity, sedentary behaviors (e.g., 
screen time), dietary habits, and broader family lifestyle 
influences. For example, the global meta-analysis by Zhang 
et al.1 reported higher levels of screen time and sedentary 
behavior among boys across several settings. Empirical 
evidence from Italy showed that boys are significantly more 
likely than girls to consume energy-dense foods such as 
commercial cookies.7 Similarly, data from Germany indicated 
that although boys tend to be more physically active, girls 
score higher on multiple indicators of diet quality and nutrition 
habits.8 Differences in dietary patterns persist into young 
adulthood, with a recent study among university students 
reporting significantly higher consumption of butter, red meat, 
sweetened beverages, and alcoholic beverages among men 
than among women.25 Consistently, the COSI Round 6 report 
showed that, in most participating countries, boys consumed 
sugar-sweetened beverages more frequently than girls (more 
than three days per week).6

In addition to sex differences, we found that urban 
residence was significantly associated with childhood 
overweight, in line with evidence from several middle-income 
countries undergoing rapid nutritional and lifestyle transitions. 
Studies from Turkey, Serbia, and Romania have reported higher 
prevalences of childhood overweight and obesity in urban 
settings, coinciding with increased fast-food consumption 
and shifts away from traditional dietary patterns.10-12 Urban 
environments are typically characterized by greater availability 
of calorie-dense foods, reduced opportunities for spontaneous 
physical activity, higher traffic density, and increased sedentary 
behavior.

Quantitative evidence supports these mechanisms: 
children spending two or more hours per day on computers 
had more than twofold the prevalence of obesity compared 
with those spending less than two hours per day (11.9% 
vs. 5.5%, respectively).1 A cross-sectional study in India, 
including children aged 5–12 years, similarly reported higher 
obesity prevalence among boys and urban children, alongside 
higher consumption of sugary beverages and lower physical 
activity levels in urban areas.9 Long-term global analyses have 
shown that overweight and obesity increase more rapidly in 
urbanized populations, largely due to the higher likelihood of 
exposure to obesogenic environments.26-28

While some studies from high-income countries 
such as the United States and Sweden report higher obesity 
prevalence in rural areas, these patterns are often explained 
by context-specific factors, including rural poverty and food 
insecurity.13,29,30 In Albania, however, our findings suggest that 
the effects of urbanization currently outweigh the protective 
influence of traditional rural dietary patterns, which remain 
closer to home-prepared meals and Mediterranean-type diets.

Regarding parental education, our results indicate 
that higher parental education is associated with a higher 

likelihood of childhood overweight. This finding contrasts 
with evidence from most high-income countries, where 
lower parental education and socioeconomic status are well-
established risk factors for childhood obesity.13,29 However, 
our findings are consistent with reports from middle-income 
and transitioning countries, in which higher socioeconomic 
status, including education, is often associated with greater 
access to energy-dense diets and more sedentary lifestyles.14 

In such contexts, higher socioeconomic groups are typically 
the first to be exposed to obesogenic environments, before the 
burden gradually shifts toward lower socioeconomic groups 
as the obesity epidemic matures.2,3

The simultaneous association of male sex, urban 
residence, and higher parental education with childhood 
overweight in our study suggests a clustering of risk factors 
within more affluent households. This pattern is consistent 
with theoretical and empirical models of obesity transitions in 
developing and middle-income countries, in which high-SES 
groups are initially most affected by lifestyle and dietary changes 
associated with modernization and urbanization.27,2 Finally, 
we observed significant associations between parental chronic 
conditions (diabetes, hypertension, and hypercholesterolemia) 
and childhood overweight. Moreover, the likelihood of 
childhood  overweight increased with the number of 
parental comorbidities. These findings are consistent with 
previous studies demonstrating intergenerational clustering 
of cardiometabolic risk, mediated through shared genetic 
predisposition, common dietary patterns, physical inactivity, 
and broader household environments.15-17 The coexistence of 
parental multimorbidity and childhood overweight may also 
reflect cumulative household-level stressors and lifestyle 
constraints, particularly in urban settings undergoing rapid 
socioeconomic change.18,19

Conclusions
Childhood overweight and obesity in Albania appear 

to be strongly influenced by multiple elements of the family 
environment. Specifically, male sex, urban residence, and higher 
parental education were associated with an increased likelihood 
of overweight among children. These findings suggest that 
lifestyle modernization, urbanization, and higher socioeconomic 
status are contributing significantly to the emerging obesity 
epidemic in this post-communist context. Furthermore, parental 
chronic health conditions were also associated with elevated risk 
of childhood overweight, indicating the complex interplay of 
genetic predisposition, shared lifestyle and behavioral patterns, 
and household environment.

Future research should prioritize longitudinal studies to 
elucidate causal pathways underlying these associations, with 
cohort designs being particularly appropriate. Complementary 
qualitative investigations are warranted to explore cultural 
perceptions and practices regarding diet, physical activity, and 
other lifestyle factors across diverse socioeconomic groups. 
Additionally, intervention studies, particularly those targeting 
families or high-risk geographic areas such as urban centers, 
are needed to evaluate the effectiveness of preventive strategies 
and mitigate the ongoing obesity epidemic in Albania.
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Limitations of the Study
This study has several limitations. First, its cross-

sectional design precludes establishing causal relationships. 
Second, parental chronic health conditions were self-reported, 
which may introduce information bias (e.g., recall bias or 
under-reporting); however, there is no evidence suggesting 
systematic misreporting. Third, important confounders 
beyond parental education were not adjusted for, suggesting 
that residual confounding may have influenced the observed 
associations.

Despite these limitations, this study also has notable 
strengths. It included a large sample size, thereby enhancing 
statistical power to detect true associations. Underweight 
children were excluded to enable a more focused analysis 
on overweight and obesity. Finally, adjustment for multiple 
confounding factors strengthened the validity of the identified 
predictors of childhood overweight.
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Abstract
Background: Both increased body mass index (BMI) and urinary tract infections (UTI) are common pediatric problems. Being 
overweight or obese is a risk factor for pediatric UTI, but it has not been extensively studied. This study aimed to investigate the 
clinical and microbiological associations between overweight and obesity and UTI among hospitalized children. 
Methods and Results: This cross-sectional analytical study involved hospitalized children at Al-Khansaa Pediatric Hospital in 
Mosul, northern Iraq. A total of 74 patients aged ≤15 years of both sexes were included in the study from October 2023 to September 
2024. Upper UTI was documented by urine culture and ultrasonography. The mean age of patients was 6.88±4.49 years. Males 
accounted for 37.8%, females for 62.2%, and 77% of patients were from urban areas. Patients were divided into three groups based 
on BMI: normal weight, overweight, and obese. Most patients (43.2%) had a normal weight, 18.9% were overweight, and 37.8% 
were obese. Overweight and obesity were more prevalent among UTI children than among normal children, according to the 
current data (P=0.03 and P=0.000, respectively). E. coli was the main causative organism among the normal weight group (31%), 
while Candida species dominated among the overweight and obese groups (38% and 35%). There was increasing resistance to 
antibiotics with the increase in BMI among the obese group, with a significant Spearman correlation (R2 =0.14, P=0.045). 
Conclusion: According to this study, overweight and obesity are possible risk factors for pediatric UTI. Increases in BMI beyond 
the normal range shift the causative microorganisms of UTI from E. coli to Candida species and increase antibiotic resistance.
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Introduction
Febrile UTI is a leading cause of doctor visits and 

hospitalizations in pediatric patients. Reports from meta-
analyses of 36 studies published between 200 and 2021 
documented a global prevalence of UTI of 16% among girls 
and 10% among boys aged <18 years, with Escherichia coli 
identified as the leading causative microorganism in up to 
58% of cases.1,2 On the other hand, it is also estimated that 
the global prevalence of pediatric overweight and obesity is 
considerably high in both sexes, with a pooled rate of 14.8% 
and 22.2%, respectively.3 A much higher rate of childhood 
obesity (49.4%) was reported in the Middle East and North 
African countries.4 In Iraq, higher than the global rates of 

pediatric UTI were observed in different regions, ranging 
from 14.7% in Baghdad school-aged children to as high as 
43.3% in Erbil hospitalized children.5,6 It has been reported 
that the prevalence of overweight and obesity in Iraq ranges 
from 11.14% and 11.74%, respectively, in Mosul to as high 
as 25.3% and 28.7% in Kirkuk.7-9 Increased BMI is now 
considered a risk factor for UTI in the pediatric population, 
and such risk increases by 45% in some studies; furthermore, 
the odds ratio of overweight and obesity is approximately 
double among UTI children. Excess abdominal fat can put 
pressure on the bladder and urethra, impairing complete 
bladder emptying and causing urinary stasis, which creates 
an ideal environment for bacterial growth and increases the 
risk of UTI.10,11 The habit of infrequent voiding and reduced 
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urinary tract flushing due to bacterial colonization among 
such children further contributes to the higher risk of UTI.12 

In addition to these, obesity contributes to chronic low-grade 
inflammation and alters the body’s immune response.13 Some 
studies also suggest that overweight and obesity may increase 
the incidence of vesicoureteral reflux, which acts as another 
risk factor for UTI among children.14

Methods
This cross-sectional analytical study involved 

hospitalized children at Al-Khansaa Pediatric Hospital in 
Mosul, northern Iraq. A total of 74 patients (28 males and 46 
females) aged ≤15 years of both sexes were included in the 
study from October 2023 to September 2024. Upper UTI was 
documented by urine culture and ultrasonography.

In this study, the sample size was calculated based on 
the global average UTI prevalence (7%) at a 90% confidence 
level and a 5% margin of error. All patients were admitted 
to pediatric wards for management of fever, with or without 
urinary symptoms. Written parental consent was obtained for 
each participant. Patient demographic and clinical data were 
recorded using a specific questionnaire. The BMI for each 
patient was calculated and plotted on the appropriate Centers 
for Disease Control and Prevention (CDC) growth charts to 
determine the corresponding percentile. Participants with a 
BMI <5% were classified as underweight and excluded from 
the study; those with a BMI> 5% and <85% were classified 
as having normal BMI, ≥85% as overweight, and ≥95% as 
obese. A clean-catch midstream urine collection method 
was used for toilet-trained children, and a catheterized urine 
sample collection method was used for non-toilet-trained 
children. Urine cultures were performed and evaluated by a 
different person who was blinded to the patients’ identities. 
Cystine-Lactose-Electrolyte Deficient (CLED) and Sabouraud 
Dextrose (SAD) agars were used to culture the urine samples 
and identify the causative microorganism. Every other patient 
diagnosed with UTI was selected in an alternate manner to 
ensure randomization.

Statistical analysis was performed using the statistical 
software package SPSS version 27.0 (SPSS Inc, Armonk, 
NY: IBM Corp). Chi-square and two proportions Z test, and 
Spearman correlation tests were used for statistical analysis. A 
significant P-value was set at ≤0.05.

Results
The mean age of patients was 6.88±4.49 years. Males 

accounted for 37.8%, females for 62.2%, and 77% of patients 
were from urban areas. Patients were divided into three groups 
based on BMI: normal weight (43.2%), overweight (18.9%), 
and obese (37.8%) (Table 1).

Regarding the clinical manifestations of UTI, a 
significantly higher number of normal weight children, 
23(71.8%), were complaining of dysuria, while decreased 
food intake was more common among obese children, 
21(75%), than among the other groups (Table 2). The three 
groups did not show a significant difference with the other 

clinical manifestations of UTI, like abdominal pain, fever, 
and vomiting, as well as being an uncircumcised male. On 
the other hand, the three groups did not show significant 
differences in the microscopic examination of urine with 
respect to the number of WBC or viable bacteria per high-
power field (HPF).

Figure 1 shows the results of urine culture among the 
three groups. It is clear that  E.coli followed by Staphylococcus 
species were the most frequent among normal weight 
patients in a frequency of 31% and 25% respectively, while 
among overweight children, Candida species followed by 
Staphylococcus species were the most frequent (38% and 31%, 
respectively), however Candida species followed E.coli were 
most frequent among obese group (35% and 31%). Candida 
species become the dominant causative microorganisms when 
BMI exceeds the normal range.

Table 1. 
Baseline characteristics of the study patients.

Patients (n=74)Variable

6.88 ±4.49Mean age (years)

28 (37.8%)Male

Gender 46 (62.2%)Female

57 (77.0%)Urban

Residence 17 (33.0%)Rural

32 (43.2%)Normal weight
BMI 14 (18.9%)Overweight

28 (37.8%)Obese

Table 2.
Clinical and laboratory features among the three groups [n(%)]

P-valueObese
(n=28)

Over-
weight 
(n=14)

Normal
weight

 (n= 32) 
Variable

0.5925 (89.2)13 (93)22 (68.7)Abdominal 
pain

Clinical
features

0.0028 (28.5)9 (64.3)23 (71.8)Dysuria

0.8625 (89.2)12 (85.7)26 (31.25)Fever

0.169 (32.1)7 (50)7 (21.8)Nausea

0.077 (25)7 (50)17 (53.1)Vomiting 

0.00021 (75)2 (14.3)9 (28.1)Low appetite

0.2713 (46.4)3 (21.4)11 (34.4)Uncircum-
cised male

0.47
24 (85.7)10 (71.4)24 (75)Positive≥ 5 Pus cells

per HPF on
GUE 4 (14.3)4 (28.5)8 (25)Negative

0.18
18 (64.3)11 (78.6)27 (84.4)PositiveBacteria on

GUE 10 (35.7)3 (21.4)5 (15.6)Negative
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The sensitivity results (Figure 2) showed that amikacin, 
followed by nitrofurantoin and nalidixic acid, had the highest 
sensitivity rates among normal-weight children as antibacterial 
agents, and nystatin, followed by itraconazole and fluconazole, 
as antifungal agents (62%, 59%,35%, 59%, 47% and 31%, 
respectively). The same order of antibiotic sensitivity, with 
lower frequencies, is observed in the overweight group. This 
pattern differs in the obese children group, with the order 
shifting to meropenem, followed by amikacin and ciprofloxacin 
(50%, 47%, and 25%, respectively) as antibacterial agents, 
whereas the antifungal agents shift to miconazole, followed by 
nystatin and ketoconazole  (52%, 49% and 48%, respectively).
When we examined the correlation between increased BMI 
percentile and the number of antibiotics to which resistance 
was detected on urine culture, only the obese group showed a 
significant Spearman correlation (R2 =0.14, P=0.045) (Figure 
3). A higher BMI in this group is associated with a greater 
number of such antibiotics.

Discussion
Pediatric overweight, obesity, and UTI are relatively 

common and challenging problems for the health institutes and 
medical care providers everywhere in the world. According to 
the current literature reports, about one-fifth of the pediatric 
population suffers from either overweight or obesity.3,15   

Recently, Alqishawi et al. reported a prevalence of overweight 
and obesity in children aged 2-18 years in Mosul city as 11.14 
and 11.74, respectively.8 Using two proportion Z tests, we found 
that there was a significantly higher prevalence of overweight 
and obesity among our sample children with UTI (P=0.034 
and P=0.000, respectively), supporting our hypothesis that 
there is an association between these two types of pediatric 
morbidities. We believe that the pelvic muscle dysfunction 
due to the increased intra-abdominal pressure in overweight 
and obese children will predispose them to urination problems 
and consequently increase the risk of UTI. In addition to that, 
there are many studies about the association of obesity with 
the malfunction of the body’s immune system to explain the 
increased risk of infections, including UTI, among obese and 
overweight children. Elevated TNF-α and leptin levels, and a 
disrupted infection-related immune response in macrophages, 
monocytes, and lymphocytes, are likely responsible for the 
increased risk.16 As in this study, Yang et al.17 reported a 
high odds ratio for obesity in their sample of children with 
UTI.It has been reported that obese patients experience UTI 
symptoms more frequently than normal-weight individuals.18 

The current study did not show a significant difference in 
symptoms, except for a lower appetite level among obese 
patients than among the normal weight group (P=0.000), 
who experienced a higher frequency of dysuria than the 
other groups (P=0.002). It is well established that obesity is 
characterized by a chronic inflammatory state, with elevated 
baseline levels of the cytokines TNF-α and IL-6, as well as 
the cytokine-like substance leptin, and by a marked surge 
during infections. These cytokines have appetite-suppressing 
effects.19,20 It is also reported that obese adult patients may 
have more severe UTIs than normal subjects, which might 
be an additional reason for such a lower appetite level. The 
chronicity of bladder inflammation and higher frequency of 
overactive bladder, and possible resultant reduction in pain 
sensation, may explain the lower frequency of dysuria among 
overweight and obese patients with UTIs.21

A variety of studies across pediatric age groups have 
established that E. coli is the leading cause of UTI, accounting 
for one-half to three-quarters of such infections.22,23 Studies of 
Iraqi children also reported similar findings.24,25 The current 
study results are the same for the normal weight group. 
The reason is that E. coli is the most common gut flora and 
possesses characteristics that enable it to colonize the urinary 
tract and exhibit specialized virulence traits.26  Although not 
statistically significant (P=0.07), Candida species were the 
dominant organisms among overweight and obese children 
(38% and 35%, respectively) compared with the normal-
weight group (12.5%) in this study. It has been reported that 
being overweight and obese are both risk factors for fungal 
infections due to an altered body immunity and associated 

  Fig. 1. Results of urine culture.

Fig. 2. Antibiotic sensitivity on urine culture.

Fig. 3. Correlation of BMI with the number of AB 
with resistant action among obese children.
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hyperglycemia, but we couldn’t find such a study to support 
that for UTI in children.27,28

Generally, the antibiotic resistance and sensitivity 
patterns also showed special characteristics in association with 
an increase in the BMI, specifically among the obese group. 
Correlations showed that there is a significant increase in the 
number of ineffective antibiotics as the BMI increases in the 
obese group (P=0.045). The pharmacokinetics of antibiotics, 
particularly hydrophilic agents such as aminoglycosides 
and β-lactams, are significantly altered by high BMI and 
increased blood volume, resulting in more diluted and less 
effective concentrations in the circulation. It has also been 
noted that obesity alters the body’s immune function in 
response to infections.29,30 Although many adult studies report 
results consistent with ours, studies in pediatric age groups 
are scarce.31-34 However, pediatric studies linking antibiotic 
resistance with abnormally high BMI support our findings.35

 In conclusion, the frequency of being overweight and 
obese is significantly higher among children with UTI than 
among those who do not have UTI. Interestingly, this study 
reports that high BMI is associated with an increased risk for 
fungal UTI and increased resistance to antibiotics. 
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Abstract
Background: Transfusion-transmitted infection (TTI) poses significant risks to blood transfusion safety and represents a major 
public health challenge in Sudan. However, current data on TTI prevalence among blood donors is limited. This study aimed to 
assess the prevalence of TTI among male blood donors at the Blood Bank of Nao Teaching Hospital, Omdurman, Sudan, from 
January 2019 to December 2022. 
Methods and Results: A retrospective 4-year descriptive cross-sectional study was conducted using blood donation records to 
examine the prevalence of TTI, including human immunodeficiency virus (HIV), hepatitis B (HBV), hepatitis C (HCV), and 
syphilis. Data were analyzed for trends over the four-year period. The study identified a total TTI prevalence of 8.8% (302 of 3401 
donors). Among TTI, HBV had the highest prevalence at 4.29%, followed by syphilis at 3.91%. HIV prevalence was 0.56%, and 
HCV prevalence was 0.12%. No cases of co-infection were reported. The overall TTI prevalence declined from 10.2% in 2019 to 
6.9% in 2022. 
Conclusion: The findings emphasize the importance of ongoing monitoring and improved screening measures to enhance blood 
safety in Sudan. The high prevalence of HBV and syphilis underscores the need for targeted public health campaigns to raise 
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Introduction
Blood transfusion is a vital therapeutic procedure 

and remains indispensable in countries such as Sudan, 
where the need for donated blood is heightened due to the 
widespread occurrence of infectious diseases like malaria, 
persistent nutritional deficiencies, and frequent obstetric 
emergencies. Despite its life-saving role, transfusion carries 
an inherent risk of transmitting infectious pathogens, 
including hepatitis B virus (HBV), hepatitis C virus (HCV), 
human immunodeficiency virus (HIV), and syphilis. Current 
estimates suggest that around 1% of transfusion events may 
lead to complications, including transfusion-transmitted 
infection (TTI). Although advances in transfusion technology 
and laboratory diagnostics have improved blood safety, 
ensuring a consistently secure blood supply remains a major 
challenge in low-resource settings, where comprehensive, 
routine TTI screening is still not universally practiced.1 
Transfusion-transmitted infection—particularly those 
caused by HIV, HBV, HCV, and syphilis—continue to pose 
substantial public health threats across sub-Saharan Africa. 
Limited epidemiological data compounds this challenge, 
as the World Health Organization recommends systematic 
screening for all blood donors. In addition, infections with 
HIV, HBV, and Treponema pallidum are also transmitted 
through sex, resulting in rapid, pervasive dissemination 
through communities and compounding the problems caused 
by unsafe blood transfusion practices.2,3 HIV and viral 
hepatitis continue to impose a considerable global health 
burden, affecting millions of people and occurring together 
in the liver at a rate that hastens injury and worsens clinical 
outcomes.4 Sudan is a known high-endemic region for 
both HBV and HCV, with prevalence rates different among 
important groups such as donors and pregnant women.5,6 
Syphilis is another lingering public health issue, due to a 
strong connection with greater vulnerability to HIV; however, 
the availability of epidemiological data on its distribution 
in Sudan is limited.7 Transfusion-transmitted infection is a 
serious issue for blood safety in Sudan due to the paucity of 
national surveillance at the national level. Accordingly, the 
burden of TTI is vital in identifying asymptomatic infection, 
improving donor screening techniques, and directing public 
health interventions. In this light, the current study aimed 
to establish the prevalence of HIV, HBV, HCV, and syphilis 
among blood donors who underwent visits to Nao Teaching 
Hospital, Omdurman, for the period 2019 to 2022.

Materials and Methods
Study Design

This study employed a retrospective, descriptive 
cross-sectional design conducted over a four-year period at 
the Blood Bank of Nao Teaching Hospital in Omdurman, 
Sudan. The study timeframe extended from January 2019 
to December 2022, during which 3,401 male blood donors 
were screened. Relevant data were extracted from existing 
blood bank records. All donors provided written informed 
consent and completed a standardized questionnaire used 

to assess their eligibility for blood donation. Confidentiality 
was strictly maintained for seropositive subjects, and consent 
procedures were obtained at the time of blood collection. 
The study included voluntary blood donors aged 18–65 years, 
weighing over 45 kg, and with hemoglobin levels above 13 g/
dL. Donors were required to meet the Sudan National Blood 
Transfusion Protocol standards, including normal vital signs 
(blood pressure, temperature, pulse) and absence of significant 
medical or surgical history.
Inclusion and Exclusion Criteria

Participants who fulfilled the eligibility criteria were 
included. Exclusion criteria encompassed individuals at 
high risk, such as those with chronic illnesses, substance 
abuse, pregnancy, dialysis dependence, donors deferred due 
to abnormal hemoglobin or blood pressure, and those with 
incomplete records.
Data Collection and Laboratory Testing

Two milliliters of blood were collected from each donor 
using plain vacutainer tubes, and serum was separated for 
serological analysis. All samples were screened for HIV, HBV, 
HCV, and syphilis. HIV testing was performed using the HIV 
(Ag/Ab) ELISA kit (Fortress Diagnostics, UK) to detect both 
HIV-1 and HIV-2 antibodies. HBV detection was performed 
using the HS HBsAg ELISA kit (Fortress Diagnostics, 
UK), while HCV was screened using the microwell ELISA 
kit (ABIA, AB Diagnostic Systems, Germany). Syphilis 
antibodies were identified using the ABIA Treponema Ab 
ELISA test (ABIA, AB Diagnostic Systems, Germany).

Data were analyzed using IBM SPSS Statistics V22.0. 
The chi-square test was used to examine the relationship 
between certain diseases and different years. A P-value was 
set at less than 0.05 to be statistically significant.

Results
The study included 3,401 voluntary male blood donors 

aged 18–65 years. Most were between 31 and 45 years old 
(37.5%), with the remainder distributed across the 18–30 and 
46–65 age groups. Nearly half (45.0%) weighed 56–70 kg, 
and the majority had hemoglobin levels between 14.1 and 16 
g/dL (52.5%). Blood group distribution showed group B as the 
most common (35.0%), followed by O (30.0%), AB (25.0%), 
and A (10.0%). Overall, donors met the required national 
standards for safe blood donation, as illustrated in Table 1.

Table 2 demonstrates the prevalence of TTI among 
seropositive donors from 2019 to 2022. Out of 3,401 donors, 
302 TTI were detected (8.88%), with HBV being the most 
common (48.3%), followed by syphilis (44%), HIV (6.3%), 
and HCV (1.3%). Yearly TTI rates were 10.2% in 2019, 7.89% 
in 2020, 9.4% in 2021, and 6.9% in 2022, with HBV and 
syphilis predominating each year.

Table 3 summarizes the prevalence of specific TTI 
among 3,401 blood donors from 2019 to 2022. HIV was 
detected in 0.56% of donors, HBV in 4.29%, HCV in 0.12%, 
and syphilis in 3.91%. Yearly prevalence showed minor 
fluctuations: HIV ranged from 0.2% to 1%, HBV from 2.5% 
to 5.6%, HCV remained below 0.3%, and syphilis ranged 
from 2.5% to 4.4%, indicating that HBV and syphilis were the 
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most common infections, while HIV and HCV remained low 
throughout the period.

 Table 4 presents the annual prevalence of TTI with 95% 
CI and adjusted true prevalence.

Figure 1 demonstrates the trend analysis, which shows 
that the positivity rates of the screening tests fluctuated 
over time. Blood transfusion-transmissible infections were 
154/1507 (10.2%) in 2019, then decreased to 53/671 (7.89%) 
in 2020, increased to 39/415 (9.4%) in 2021, and decreased to 
56/808 (6.9%) in 2022. From screened TTI, seropositivity for 
HBV and syphilis decreased from 2019 to 2021 and increased 
again from 2021 to 2022. However, HIV positivity rates 
gradually increased from 2019 to 2021 and decreased in 2022. 
HCV positivity was consistently low over the four years, with 
no positive cases in 2019 and 2021.

Discussion
Transfusion-transmitted infection continues to pose a 

significant challenge to safe blood transfusion practices. Each 
unit of blood carries an estimated 1% risk of transfusion-
related complications, including TTIs, highlighting the critical 
importance of thorough donor screening to prevent potential 
biohazards.8	

The present study examined the prevalence of TTIs 
among blood donors at the Blood Bank of Nao Teaching 
Hospital in Omdurman over a four-year period from 2019 to 
2022. Notably, all donors included in this study were male. 
This predominance may be explained by several factors, 
including physiological differences between the sexes, 
cultural beliefs, pregnancy and lactation in women, and the 
higher prevalence of iron-deficiency anemia among female 
populations. Additionally, societal perceptions that men are 

Table 1.
Demographic data for study participants 

Characteristic Category Number (%)

Age (years)
18–30 1.020 (30.0%)
31–45 1.275 (37.5%)
46–65 1.106 (32.5%)

Sex
Male 3.401 (100%)
Female 0 (0%)

Weight (kg)
45–55 815 (24.0%)
56–70 1.530 (45.0%)
>70 1.056 (31.0%)

Hemoglobin (g/dL)
13–14 1.020 (30.0%)
14.1–16 1.785 (52.5%)
>16 596 (17.5%)

Donation type
Voluntary 3.401 (100%)
Unvoluntary 0 (0%)

ABO blood group

A 340 (10.0%)
B 1.190 (35.0%)
AB 851 (25.0%)
O 1.020 (30.0%)

Table 2.
Annual frequency of HIV, HBV, HCV, and syphilis cases among 
seropositive donors.

Year HIV HBV HCV Syphilis Total

2019 3 (1.9%) 85 (55.2%) 0 (0%) 66 (42.6%) 154 (10.2%)

2020 6 (11.3%) 17 (32.1%) 2 (3.8%) 28 (52.8%) 53 (7.89%)

2021 4 (10.3%) 16 (41%) 0 (0%) 19 (48.7%) 39 (9.4%)

2022 6 (10.7%) 28 (50%) 2 (3.6%) 20 (35.7%) 56 (6.9%)

Total 19 (6.3%) 146 (48.3%) 4 (1.3%) 133 (44%) 302 (8.88%)

P-value 0.08 0.02 0.71 0.00

Table 3.
Annual true prevalence of TTI among all blood donors.

Year Total
number HIV HBV HCV Syphilis 

2019 1507 3 (0.2%) 85 (5.6%) 0 (0%) 66 (4.4%)

2020 671 6 (0.9%) 17 (2.5%) 2 (0.3%) 28 (4.2%)

2021 415 4 (1%) 16 (3.9%) 0 (0%) 19 (4.6%)

2022 808 6 (0.7%) 28 (3.5%) 2 (0.2%) 20 (2.5%)

Total 3401 19 (0.56%) 146 (4.29%) 4 (0.12%) 133 (3.91%)

P-value - 0.08 0.02 0.71 0.00

Table 4.
Annual prevalence of TTI  with 95% CI and adjusted true prevalence.

Year
HIV % 

(95% CI)
HBV % 

(95% CI)
HCV % 

(95% CI)
Syphilis % 
(95% CI)

2019 0.20 [0.07–0.58] 5.64 [4.58–6.92] 0.00 [0.00–0.25] 4.38 [3.46–5.53]

2020 0.89 [0.41–1.94] 2.53 [1.59–4.02] 0.30 [0.08–1.08] 4.17 [2.90–5.97]

2021 0.96 [0.38–2.45] 3.86 [2.39–6.17] 0.00 [0.00–0.92] 4.58 [2.95–7.04]

2022 0.74 [0.34–1.61] 3.47 [2.41–4.96] 0.25 [0.07–0.90] 2.48 [1.61–3.79]

Figure 1. Trend of positive cases according to different years.
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generally healthier than women likely contribute to the higher 
proportion of male donors.

Over the study period, the overall prevalence of TTIs 
among donors was 302 out of 3,401 (8.8%). This rate is 
higher than the 5.6% prevalence reported by Ahmed et al.9 

in Khartoum and exceeds international findings from Saudi 
Arabia (7.4%),10 Ethiopia (5.43%),11 Eritrea (3.6%),12 and 
India (1.58%).13 Conversely, the prevalence observed in this 
study is lower than that documented in Kosti (22.52%),14 Port 
Sudan (20.1%),15 and White Nile State (15.91%),16 as well as 
studies in Ghana (16.1%)17 and South Sudan (22.1%).18

The considerable variation in TTI prevalence across 
different regions may reflect differences in diagnostic 
techniques, the sensitivity and specificity of testing reagents, 
geographical and temporal variations in disease burden, and 
disparities in healthcare infrastructure and access. These 
findings underscore the ongoing need for rigorous donor 
screening, continuous monitoring of infection trends, and 
tailored public health interventions to enhance the safety 
of the blood supply in Sudan and comparable settings. 
Over the four-year study period, the prevalence of HIV among 
blood donors at Nao Teaching Hospital fluctuated, with an 
overall rate of 0.56%. This rate is lower than previously reported 
figures from Kosti (1.77%),14 Port Sudan (1.4%),15 White Nile 
State (2.61%),16 Ghana (1.6%),17 and South Sudan (6.7%).18 
Conversely, it is higher than the prevalence documented in 
Khartoum (0.4%),9 Saudi Arabia (0.06%),10 Ethiopia (0.34%),11 
India (0.16%),13 and Eritrea (0.3%).12

Hepatitis B virus (HBV) remains one of the most 
widespread infectious diseases globally, with approximately 
two billion people having been infected at some point, and it 
is considered hyper-endemic in sub-Saharan Africa and parts 
of Asia.19 Sudan has historically been classified as a high 
HBV endemic country, with a prevalence of 8% reported 
by the World Health Organization in 1996.20 In the present 
study, HBV was the most prevalent TTI, affecting 4.29% of 
donors. This prevalence is lower than that reported in Kosti 
(6.07%),14 Port Sudan (11.7%),15 White Nile State (5.57%),16 
Khartoum (6%),9 Saudi Arabia (6.1%),10 and South Sudan 
(22.1%).18 However, it exceeds the rates observed in Ethiopia 
(2.1%),11 Ghana (3.1%),17 India (0.77%),13 and Eritrea 
(2%).12 The prevalence of HCV in this study was notably low 
at 0.12%, considerably lower than figures reported in other 
regions, including Kosti (1.4%),14 Port Sudan (0.4%),15 White 
Nile State (1.4%),16 and Khartoum (0.2%).9 Neighboring 
countries also reported higher prevalence, such as Saudi 
Arabia (0.4%),10 Ethiopia (0.8%),11 Eritrea (0.7%),12 Ghana 
(5%),17 and South Sudan (8.9%).18 In contrast, our finding is 
like the 0.11% rate reported in India.13 These differences may 
be explained by variations in study populations, geographic 
factors, and laboratory screening methods. The relatively 
lower prevalence of HCV compared to HBV may reflect 
its more restricted transmission routes, primarily limited to 
blood-to-blood contact, whereas HBV can be transmitted 
through multiple pathways, including sexual contact and 
vertical transmission.

Syphilis continues to represent a major global public 
health concern, particularly in developing countries. In this 

study, the prevalence of syphilis among blood donors was 
3.91%, making it the second most common TTI observed. 
This rate is lower than those reported in Kosti (11.87%),14  
Port Sudan (6.6%),15 White Nile State (5.72%),16  Khartoum 
(5.4%),9 and Ghana (6.4%).17 Conversely, it exceeds prevalence 
rates reported internationally, including Saudi Arabia (0.34%),10 

Ethiopia (1.4%),11 India (0.53%),13 and Eritrea (0.6%).12 These 
findings indicate that syphilis remains a significant concern in 
various regions, with differences in prevalence likely influenced 
by local transmission dynamics, healthcare infrastructure, and 
public health interventions.

Notably, no cases of co-infections were observed in the 
present study, in contrast to previous reports where co-infection 
rates ranged from 0.1% in Eritrea12 to 1.67% in Kosti,14 with 
intermediate rates reported in Port Sudan (1.1%), 15 White Nile 
State (0.59%),16 and Khartoum (0.65%).9

Analysis of TTI trends from 2019 to 2022 revealed a 
general decline in seroprevalence, decreasing from 10.2% in 
2019 to 6.9% in 2022, with a notable dip in 2020 (7.89%). This 
decline is likely related to the COVID-19 pandemic, which 
affected both donor turnout and the capacity of healthcare 
services to perform routine screenings. Similar patterns were 
observed internationally, such as in Saudi Arabia, where 
Minshawi et al.10 reported a decline from 1.5% in 2019 to 0.9% 
in 2020, followed by a slight rise to 1.1% in 2021. In contrast, 
studies in Kosti14 and Ghana17 reported fluctuating trends, with 
temporary increases and decreases in TTI prevalence.

Specifically, HIV seroprevalence in our study increased 
from 0.2% in 2019 to 0.9% in 2020, peaking at 1.0% in 2021 
before slightly declining to 0.7% in 2022. HBV prevalence 
declined steadily from 5.6% in 2019 to 2.5% in 2020, 
stabilizing at 3.9% in 2021 and 3.5% in 2022. HCV prevalence 
remained consistently low, ranging from 0% to 0.3%, resulting 
in an overall rate of 0.12%, reflecting effective screening and 
control measures. Syphilis rates remained relatively stable at 
approximately 4% from 2019 to 2021, with a slight decrease 
to 2.5% in 2022, suggesting improvements in donor screening 
and a reduction in transmission.

Overall, the fluctuations in TTI prevalence during 
2020 and 2021 appear to have been largely influenced by the 
COVID-19 pandemic, which disrupted routine healthcare 
services and reduced donor participation. The resumption of 
normal healthcare operations and an increase in donor numbers 
by 2022 contributed to the stabilization of seroprevalence 
rates across all TTIs.

The observed variations in TTI prevalence across 
different studies can be attributed to multiple factors. 
Demographic characteristics, including age, gender, and 
sexual behaviors, along with differences in healthcare 
access, public awareness, education, cultural norms, and 
social stigma, play significant roles. Methodological 
differences, such as the type of screening tests used and 
the frequency of testing, also influence reported prevalence 
rates. Furthermore, regional disease outbreaks, public health 
policies, socioeconomic conditions, and the robustness of 
healthcare infrastructure contribute to these discrepancies. 
The COVID-19 pandemic likely affected prevalence 
estimates by reducing donor turnout and limiting routine 
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screening, as reflected in this study and others. Additionally, 
the retrospective design of this study and variations in 
study periods and donor numbers in previous investigations 
may have contributed to differences in TTI prevalence. 
Collectively, these factors help explain the wide range 
of prevalence rates reported across diverse regions and 
timeframes.

Conclusion
This study identified a TTI prevalence of 8.8%, 

underscoring the persistent risk of blood transfusion in the 
region. Among the infections assessed, HBV was the most 
prevalent, affecting 4.29% of donors, followed by syphilis 
at 3.91%. The prevalence of HIV (0.56%) and HCV (0.12%) 
was comparatively low, and no cases of co-infections were 
observed. Additionally, the study observed a declining trend in 
TTI seroprevalence over the four-year period, emphasizing the 
critical role of continued vigilance and robust donor screening 
practices to ensure blood safety.

Limitations and Future Directions
This study has several limitations that should be 

considered when interpreting the findings. Its single-center 
design and the inclusion of only male donors restrict the 
generalizability of the results to the broader Sudanese 
population, particularly female donors. Additionally, the 
retrospective nature of the study limited the availability of 
certain variables, and the screening protocol did not include 
other regionally relevant infections such as malaria. The 
absence of confirmatory testing and advanced diagnostic 
methods, such as nucleic acid testing (NAT), may also 
have affected the accuracy of TTI detection due to an 
overestimation of some TTI prevalence rates, particularly for 
HBV and syphilis. Therefore, future research should adopt a 
multi-center approach, include both genders, and incorporate 
more comprehensive screening panels with confirmatory and 
molecular methods. Expanding surveillance systems and 
integrating donor education and awareness programs are 
also recommended to strengthen blood transfusion safety in 
Sudan.
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Abstract
Background: The study aimed to evaluate the effectiveness of an experimental primer (EP) based on the 10-MDP monomer when 
used with the fifth-generation adhesive system.
Methods and Results: Tests were performed on tooth samples from wisdom teeth and premolars extracted for orthodontic purposes. 
The EP consisted of 10-MDP monomer (10%), ethanol (40%), propanol-2 (30%), water (18%), and a camphorquinone-based 
photoinitiator system (2%). The pH of the EP was 2.4. The adhesive resin of the fifth-generation OptiBond Solo Plus (OSP) and 
the universal composite Herculite XRV were the materials of choice. Two adhesive techniques were tested: the traditional total-etch 
technique with OSP application, and the optional technique with sequential EP and OSP applications using a selective-etch approach. 
Adhesive bond strength was assessed in two groups using the ultra-test technique (Ultradent Products, Inc., USA). All samples in 
each group underwent two sequential shear bond strength (SBS) tests. The quality of the resin composite adhesion was assessed on 
four specimens using an FE-SEM (Thermo Fisher Scientific Apreo 2S LoVac). Microleakage assessment was made on 10 teeth. In 
each tooth, two artificial cavities of similar size were prepared. Fillings were placed using two techniques in each tooth. Depth of dye 
penetration at  tooth-composite interface was assessed using nonparametric scores. The phase composition of the dentin surface was 
assessed on six tooth samples divided into three groups of two using thin-film X-ray diffraction (TF-XRD). Samples from the control 
group were used for XRD of the dentin surface. Samples of Group 1 were used to apply EP to the dentin surface; samples of Group 
2 were used for sequential application of EP and OSB to the dentin surface.
A significant difference of more than three times (P=0.000) was observed between the SBS values of the first and second tests 
in samples from Group 1 compared with those from Group 2. SEM of the filling-to-dentin interface in samples with sequential 
application of EP and OSP using a selective etch approach showed a more uniform hybrid layer than with OSP application with 
the total-etch technique. Microleakage analysis of the dentin-composite interface revealed a significantly higher dye penetration 
rate in samples with the traditional OSP application. The presence of the 10-MDP calcium salt peak at diffraction angle of 2θ=2.54⁰ 
after sequential application of EP and OSP corresponded to the longest d-spacing (3.48 nm) of the nanolayered structure on the 
surface of tooth dentin.(International Journal of Biomedicine. 2026;16(1):101-106.)
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Introduction
Strong and stable adhesion to tooth dentin is a pressing 

issue in modern restorative dentistry that, despite the availability 
of numerous adhesive systems, remains unresolved. Currently, 
there are two main concepts for bonding materials to tooth 
enamel and dentin. These have been implemented in total-etch 
and self-etch adhesive systems.1,2

The total-etch concept means acid etching of both 
enamel and dentin. Among the positive aspects of this 
technique are the formation of microporosities on the enamel 
surface, removal of debris, smear layer, and plugs from the 
dentin surface, opening of the dentinal tubule orifices, and the 
formation of niches on the surface of peritubular dentin, which 
can serve as retention sites for adhesive resin monomers 
during hybrid layer formation.2

Unlike enamel, dentin has a different three-dimensional 
organization and composition. Acid etching of dentin exposes 
the organic matrix, which, after losing its mineral component, 
can maintain its spatial structure only in the presence of 
moisture. The collapse of the collagen matrix, caused by 
drying of the etched dentin, is the main reason for its ineffective 
impregnation with adhesive resin monomers and the formation 
of a weak hybrid layer. The inconsistency in hybrid layer 
quality and the magnitude of polymer stress that occur in the 
bulk of the composite material during photoactivation lead 
to postoperative sensitivity, micro-gap formation, and many 
possible complications associated with an absence of a tight 
seal around the composite restoration.3

Considering the serious shortcomings of the total-etch 
technique and the urgent need for an alternative approach, 
adhesive systems with functional acidic monomers capable of 
forming chemical bonds with tooth hydroxyapatite began to be 
used in tooth restoration.4,5 The mechanism of their bonding to 
enamel and dentin is based less on micromechanical retention 
and more on the chemical bond of functional monomers with 
the hydroxyapatite on the tooth surface. The resulting ionic 
bond ensures strong, stable adhesion of the composite material 
to the tooth.6,7

Among three commonly used functional monomers (10-
MDP, 4-MET, and Phenyl-P), 10-MDP has been found to be 
the most effective at forming ionic bonds with hydroxyapatite. 
This chemical interaction results in the formation of MDP–Ca 
salts in a nanolayered structure on enamel and dentin surfaces. 
It is generally accepted that the pronounced hydrophobicity 
of this nanolayer determines the chemical stability of the 
composite material-tooth interface and prevents its hydrolytic 
degradation.7,8

One significant drawback of the 10-MDP monomer is its 
relatively large molecular size, which can negatively affect the 
mechanical stability of the adhesive bond. One solution to this 

issue is to add monomethacrylates and dimethacrylates of low 
molecular weight, such as HEMA (2-hydroxyethyl methacrylate) 
and TEGDMA (triethylene glycol dimethacrylate), to form a 
composition. These compounds are necessary for cross-linking 
linear polymers and increasing their strength. However, HEMA 
and TEGDMA each have shortcomings. The first, despite their 
ability to adsorb to the surfaces of tooth enamel and dentin in 
a competitive manner with other compounding monomers, has 
hydroxyl groups that are unable to form ionic bonds with the 
mineralized portion of a tooth. The second, being hydrophilic, 
HEMA and TEGDMA promote water absorption, leading to 
hydrolytic degradation of the adhesive and hybrid layers, which 
is the main reason for a reduction in bond strength between the 
restoration and the tooth over time.9,10

Considering the positive and negative aspects of short-
chain monomers, the prior application of 10-MDP monomer 
to initially form an uninterrupted, waterproof nanolayer on the 
surface of enamel and dentin, and subsequently adding it for 
the cross-linking of 10-MDP monomer, might offer significant 
practical value.10,11

Also, because most total-etch adhesive systems contain 
HEMA and TEGDMA and lack functional monomers capable 
of chemically reacting with tooth hydroxyapatite, this pilot 
study aimed to evaluate the effectiveness of an EP based on 
the 10-MDP monomer when used with a fifth-generation 
adhesive system.

Methods
In the study we used caries-free wisdom teeth and 

premolars, which were extracted for orthodontic purposes. 
10-MDP monomer was synthesized in the laboratory of the 
Joint Research Institute of Chemistry of RUDN University. 
The EP consisted of 10-MDP monomer (10%), ethanol (40%), 
propanol-2 (30%), water (18%), and a camphorquinone-based 
photoinitiator system (2%). The pH of the EP was 2.4. The 
adhesive resin of the fifth-generation Optibond Solo Plus 
(OSP) and the universal composite Herculite XRV (Kerr, 
Italy) were the materials of choice.

The adhesive bond strength was assessed on 20 samples 
prepared using the ultra-test technique (Ultradent Products, 
Inc., USA). To achieve a uniform level of roughness, the 
dentin surface was treated with sandpaper grits ranging from 
300 to 600 units (Figure 1).

Fig. 1. Tooth sample for adhesion of composite 
buildups on dentin.
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Composite cylindrical buildups on the dentin surface 
were made by fixing the tooth sample in a bonding clamp and 
polymerizing the material in a plastic mold. Photoactivation 
was performed using VALO X (Ultradent Products, Inc., 
USA) in the standard mode according to the manufacturer’s 
instructions for the materials used.

In line with the study’s aim, tooth samples for the shear 
bond strength (SBS) test were divided into two groups. In 
Group 1 (n=10), acid etching of the dentin was performed for 
15 seconds, followed by rinsing the surface with distilled water 
for the same amount of time. OSP was applied according to the 
wet adhesive protocol and the manufacturer’s instructions. In 
Group 2 (n=10), the acid etching step was replaced by rubbing 
EP into the dentin surface for 15 seconds. After application, 
the EP was air-thinned on the dentin surface to remove excess 
material and evaporate the solvent. Subsequently, the OSP 
was applied and air-thinned.

The strength of adhesion of the composite material to 
tooth dentin was assessed using the shear force in an UltraTester 
Bond Strength Testing Machine (Ultradent Products, Inc., 
USA). Tests were conducted at a speed of 1 mm/min to 
determine peak load capacity. In each sample, two areas on 
the dentin adhesive surface were selected for the sequential 
placement of cylindrical buildups and testing of bond strength 
(Figure 2). Thus, the total number of tests in each group was 
20. The bond strength of the composite buildup to the tooth 
dentin was recorded in pounds (lb).

The quality of the resin composite adhesion was assessed 
on four specimens using a FE-SEM (Thermo Fisher Scientific 
Apreo 2S LoVac). To prepare the specimens, only the coronal 
portion of the teeth was used, which was sectioned into two 
halves using diamond discs along the central fissure under 
copious water cooling. The vestibular and oral enamel surfaces 
were also ground to expose a flat portion of midcoronal dentin. 
The resulting four tooth slabs were randomly divided into two 
groups of two specimens each.

In Group 1 samples, enamel and dentin surfaces were 
acid-etched (37.5% Phosphoric Acid Gel, Kerr) for 30 seconds 
and 15 seconds, respectively. After they were rinsed in distilled 
water for 30 seconds, excess moisture was removed, and OSP 
was applied. In Group 2 samples, only the enamel was acid-
etched. After rinsing with water and air-drying, EP and OSP 
were sequentially applied to the enamel and dentin surfaces in 
accordance with the principles of sample preparation for the 
SBS test. 

The application and polymerization of the resin 
composite were performed using an incremental freehand 
technique until the adhesive surfaces were completely 
laminated. The thickness of the composite laminate varied 
from 1.3 to 1.5 mm. The laminated tooth slabs were cut into 
two halves and embedded in epoxy resin. Further sample 
processing was performed using abrasives and polishing 
pastes with grit sizes ranging from 300 to 1200.

After rinsing under running water, the samples (Figure 
3) were cleaned in an ultrasonic bath with distilled water for 
five minutes. Before scanning, the samples were coated with 
a 10nm gold layer using a Quorum magnetron (Q150R ES, 
England) sputtering system.

Microleakage assessment of two adhesive regimens 
was performed on 10 teeth. Round artificial cavities  (4 mm 
in diameter, 1 mm deep) were prepared on two approximal 
surfaces of each tooth, with half of the margin in enamel and 
the other half in root dentin. Mesial proximal surfaces were 
assigned for the traditional total-etch regimen and application 
of OSP, and distal proximal surfaces were assigned for the 
selective etching of enamel and consecutive application of 
EP and OSP. All cavities were filled with composite using a 
similar technique. After this, the fillings were polished, and the 
tooth samples were subjected to thermocycling (5000 cycles in 
separate water baths of 5°C and 55°C±2°C with a dwell time 
of 10 seconds in each bath and a transfer time of 1 second). 
Next, the apices of tooth samples were sealed with sticky wax 
and coated with nail varnish to exclude fillings with a 1 mm 
distance around them. The teeth were stained in 1% methylene 
blue solution for 24 hours and sectioned through the centers of 
restorations. Microleakage at the enamel and dentin margins 
was considered (Figure 4).

Fig. 2. Tooth sample for performing 2 consecutive SBS tests.

Fig. 3. Tooth samples for SEM.

Fig. 4. Microleakage assessment.
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Enamel and dentin dye penetration (DP) was assessed 
using the following scale of 0-3 scoring system: 0 - no DP; 
1 - DP up to one-half of the cavity wall length; 2 - DP up to 
the full length of the cavity wall, not including the axial wall; 
3 - DP to the full extent of the cavity wall, including the axial 
wall.

The phase composition of the dentin surface was 
assessed on six tooth samples divided into three groups of two 
using TF-XRD (Figure 5). The analysis was performed using 
an Empyrean instrument (Malvern Panalytical, Netherlands) 
operating at an accelerating voltage of 45 kV and a current 
of 40 mA with a fixed incident X-ray beam angle of 0.3° 
and a scan rate of 0.02°/s for 2θ scanning. The specimen 
surfaces were ground and polished according to the principles 
of sample preparation for SEM analysis. However, after 
polishing, the dentin surface of all specimens was abraded 
with an erythritol-based air-abrasive mixture (14 µm, Air-
Flow Plus, EMS, Nyon, Switzerland) with a constant particle 
flow at 0.25 MPa for 10 seconds. The nozzle was held at 3-5 
mm from the surface and at 45° angulation to it. After this, the 
prepared surfaces were thoroughly washed with an air-water 
spray for 30 seconds and dried.

Samples from the control group were used for XRD 
of the dentin surface. Group 1 samples were used to detect 
diffraction peaks from the dentin surface after the application 
of EP; Group 2 samples were used to identify changes, such 
as the diffraction peaks, after sequential application of EP and 
OSP to the dentin surface.

Statistical analysis was performed using StatSoft 
Statistica v6.0. The probability value of P<0.05 was considered 
statistically significant.

Results
A comparative analysis of the obtained data (Table 1) 

revealed that applying EP to the dentin surface before OSP did 
not significantly affect bond strength. However, a significant 
difference of more than three times (P<0.0001) was observed 
between the first and second test values in samples of Group 
1 than in Group 2.

SEM of resin-composite-to-dentin interfaces in Group 1 
samples (Figure 6A) revealed an uneven hybrid layer width, 
with varying depths of adhesive resin penetration into dentinal 
tubules. In some areas, signs of penetration were completely 
absent, while in others, the adhesive tags reached 10-12 µm.

On the other hand, SEM of the filling-to-dentin interface 
surface in Group 2 samples (Figure 6B) demonstrated the 
presence of a uniform hybrid layer and comparatively better 
obturation of the dentinal tubules.

SEM images of the dental composite-to-enamel 
interface in both groups of samples (Figure 7A,B) were of 
similar quality, reflecting the presence of both a tight adhesion 
and loose marginal adaptation.

Fig. 5. Tooth samples for TF-XRD.

Table 1. 
Influence of experimental 10-MDP primer (EP) pretreatment on 
shear bond strength of Optibond Solo Plus (OSP) to dentin. 

Group
Group 1 (n=10)

(Total-etch, OSP)
Group 2 (n=10)

(Selective-etch, EP-OSP)

SBS test 1st test 2nd test Δ*
1 1st test 2nd test Δ*

2

Bond strength, 
lb

25.0
29.4
27.3
28.2
31.1
25.1
21.2
26.4
24.3
28.2

28.9
25.8
24.1
24.1
27.4
27.8
23.5
29.3
21.1
32.1

3.9
3.6
3.2
4.1
3.7
2.7
2.3
2.9
3.2
3.9

26.4
27.3
28.1
29.1
25.4
20.1
27.2
25.2
27.5
29.8

26.5
28.3
26.9
28.7
24.3
20.3
29.6
25.4
24.9
30.1

0.1
1.0
1.2
0.4
1.1
0.2
2.4
0.2
2.6
0.3

М ± SD 26.6±2.8 26.4±3.3
3.4±0.6

26.6±2.7 26.5±2.9
1.0±0.9

P-value 0.728 0.936
P*<0.0001 (between Δ*

1 and Δ*
2)

                         A                                                   B
Fig. 6. A - Sector of the filling-to-dentin interface of the Group 1 
sample; B- Sector of the filling-to-dentin interface of the Group 2 
sample.

Fig. 7. A - Sector of the filling-to-enamel interface of the Group 1 
sample; B – Sector of the filling-to-enamel interface of the Group 2 
sample. 

                         A                                                   B
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As for microleakage, examination of sections from tooth 
samples in both groups showed no significant difference in the 
degree of DP between the composite filling and the enamel 
margin. However, a microscopic examination of the interface 
between the composite filling and dentin (Figure 4) revealed a 
significantly higher leakage rate in Group 1 samples (Tables 2 
and 3). Instead, Group 2 samples showed reliable adhesion of 
the biomaterial to dentin in 80% of cases. 

Analysis of the phase composition of the dentin 
surface revealed a weak peak at 2θ=2.40⁰, likely indicating 
hydroxyapatite crystal destruction after mechanical processing 
(Figure 8). Application of EP to the dentin surface resulted in 
the appearance of three peaks at 2θ=2.42°, 4.29°, and 6.32°, 
suggesting the formation of 10-MDP–Ca salts. Sequential 
application of EP and OSP onto the dentin surface also caused 
changes in both the number of peaks (2θ = 2.54⁰ and 4.31⁰) 
and their slight shift toward higher angles.

Discussion
Minimal invasiveness and maximum biocompatibility 

remain priority principles for developing new materials and 
techniques for the treatment and restoration of teeth.11 Thus, 
Buonocore’s discovery was revolutionary in adhesive dentistry, 
shifting the field from macroretention to microretention of dental 
restorations.12 Later, the development and introduction of acidic 
monomers capable of forming acid-base-resistant ionic bonds 
with dental hydroxyapatite enabled the transition from micro 
retention to nano retention.9,13,14 Despite their high chemical 
reactivity, these compounds have high biocompatibility and low 
cytotoxicity, in contrast to the monomers that make up total-
etch adhesive systems.15

Fifth-generation adhesive systems are complex mixtures 
that combine multiple monomers and other components. Their 
effectiveness depends on their ability to penetrate the surfaces 
of tooth enamel and dentin, which requires preliminary acid 
etching.16

Given the absence of active monomers in their composition, 
the main objective of this pilot study was to improve the adhesive 
potential of OSP by replacing the acid etching of dentin with the 
application of an experimental 10-MDP primer on its surface.

It should be noted that the SBS test protocol included 
certain features. Specifically, two consecutive tests were 
performed on each tooth sample after the application of the 
adhesive resin, allowing assessment of the bond strength of the 
composite material across different areas of the dentin surface 
and calculation of the difference between the SBS values.

The study results showed that applying experimental 
10-MDP monomer (pH=2.4) prior to adhesive resin may be of 
practical value. Despite the lack of difference in the strength 
of adhesion to dentin between the groups, the SBS values of 
the experimental group samples were the most similar, which, 
to some extent, was indicative of the uniformity of the formed 
hybrid layer.

An analysis of SEM images of the filling-to-dentin 
interface of the tooth made it possible to establish fundamental 
differences in the quality of the hybrid layer of samples of 
Groups 1and 2, and to explain the reason for the significant 
difference in the bond strength between the average values of 
the first and second sequential tests in Group 1 samples.

The chemical structure of 10-MDP includes a phosphate 
group and a long carbon chain (hydrophobic), allowing it 
to interact with both the hydrophilic mineral phase of tooth 
structure and the hydrophobic monomers of dental adhesives. 
Due to its amphiphilic nature, 10-MDP can act as a surfactant, 
reducing surface tension and promoting wetting and the 
penetration of the hydrophobic adhesive resin into the tooth 
structure. This improved wetting can promote the formation 
of a strong and durable bond.12,17

Results of the microleakage test may strongly support 
the presence of stable adhesion between the resin composite 
and tooth dentin when an experimental 10-MDP primer is 
applied prior to the test, even after simulating the aging of the 
adhesive bond by conducting 5000 thermocycles. 

Analysis of the phase composition of the dentin surface in 
samples from different groups revealed the presence of several 

Table 2.
Frequency table of the microleakage scores in groups

Site of microleakage Enamel-filling 
interface

Dentin-filling 
interface

Nonparametric scale (score) 0  1  2  3  4 0  1  2  3   4

Total-etch mode (OSP) 7  2  1  0  0 4  1  2  2   1

Selective-etch mode (EP, OSP) 8  1  1  0  0 8  1  1  0    0

Table 3.
Descriptive statistics of the microleakage scores in groups.

Site of microleakage Mode Min Max Mean±SD P

Enamel-filling
interface

Total-etch mode
(OSP)

0 2 0.4±0.7
>0.05

Selective-etch mode 
(EP, OSP)

0 2 0.3±0.7

Dentin-filling 
interface

Total-etch mode 
(OSP)

0 4 1.5±1.5
<0.05

Selective-etch mode 
(EP, OSP)

0 2 0.3±0.7

Fig. 8. TF-XRD patterns of samples under 
study.
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crystalline phases, with slight shifts in peak positions toward 
higher angles. For example, on the surfaces of samples from the 
control group, a peak was detected only at 2θ=2.40°, attributed 
to air-abrasive treatment of the dentin surface with an erythritol-
based powder. However, no data in the available literature 
indicated the possibility of similar changes caused by air abrasion.

The appearance of additional crystalline phases (peaks 
#3 and #4) on the dentin surface of Group 1 samples in the 
range of 2θ=4.29⁰ and 6.32⁰, as well as a slight increase in the 
angle of the first reflex (peak #2) to 2θ=2.42⁰, indicated the 
formation of 10-MDP–Ca salts. The position of these peaks 
corresponded to the literature data.10,14 

Sequential application of EP and OSP on the dentin 
surface decreased the number of peaks (2θ = 2.54⁰ and 4.31⁰) 
and increased the angles (peaks #5 and #6). Considering the 
small interplanar distance of peak #4 (2θ = 6.32⁰, d = 1.4 nm), 
the complete disappearance of this crystalline phase in Group 
2 samples was attributed either to its dissolution or to its 
overlap with components of the OSP adhesive resin.

Thus, based on the data obtained, it was concluded 
that replacing traditional acid etching of dentin with the 
application of a 10-MDP-containing EP may constitute a new 
adhesive technique in clinical practice, facilitating reliable and 
predictable adhesion of composite materials to dentin when 
using fifth-generation adhesive systems with a selective acid 
etching approach. Also, the presence of 10-MDP–Ca salt peak at 
diffraction angle of 2θ=2.54⁰ was probably the most significant 
for tooth dentin adhesion, as it represented the strong signal in 
XRD analysis, corresponding to the longest d-spacing (3.48 nm) 
of the nanolayered structure and underpinned the possibility of 
selective etch technique for adhesive system of fifth generation, 
but only in the case of 10-MDP primer application.
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Abstract
Background: Esophageal injuries following penetrating thoracoabdominal gunshot wounds are rare (<1% of trauma admissions) 
and carry substantial morbidity if diagnosis and treatment are delayed. We describe two patients with similar injury patterns 
who were managed with different surgical strategies and summarize the recent literature to contextualize decision-making. 
Case Presentations: Case 1 involved a 28-year-old male with thoracoabdominal gunshot trauma, right hemopneumothorax, 
and distal esophageal leak. Following initial abdominal repair of the diaphragm and esophagus with jejunostomy, a persistent 
esophageal fistula was detected on postoperative day 5. Endoscopic stent placement achieved complete resolution within 4 weeks. 
Follow-up at 1, 3, and 6 months revealed normal swallowing with no late fistula. 
Case 2 concerned an 11-year-old male with hemodynamic instability after a trans-thoracic gunshot wound causing bilateral 
diaphragmatic, gastric, and hepatic injuries. A right thoracotomy with primary esophageal repair was performed. Recovery was 
uneventful. At 3 and 6 months, oral intake was well tolerated with no fistula or stricture.
These cases emphasize tailoring the surgical approach to hemodynamic status and imaging findings. A stepwise strategy with 
delayed thoracic intervention and endoscopic stenting can limit initial invasiveness in stable patients, whereas immediate 
thoracotomy is lifesaving in unstable cases. Contemporary series support early diagnosis, selective use of endoscopy/stenting, and 
structured nutritional support to reduce leak risk and mortality.
Conclusion: Individualized timing and modality of surgical intervention, combined with multidisciplinary coordination, are 
pivotal to optimizing outcomes in penetrating esophageal trauma.(International Journal of Biomedicine. 2026;16(1):107-110.)
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Introduction
Penetrating esophageal trauma is uncommon, 

accounting for less than 1% of all trauma admissions, but it 
carries a high risk of morbidity and mortality due to delayed 
recognition, mediastinitis, and sepsis.1 Early diagnosis remains 
challenging because clinical manifestations are often subtle 
and masked by concomitant thoracoabdominal injuries.2 

Optimal surgical management remains debated and largely 
depends on hemodynamic stability, extent of contamination, 
and associated organ injuries.3 Immediate thoracotomy and 
primary repair are recommended in unstable patients or when 
contamination is severe, while staged or minimally invasive 

approaches—including endoscopic stenting and delayed 
repair—may be suitable for stable patients.1,4 We report two 
cases of penetrating thoracoabdominal gunshot wounds 
involving the esophagus, managed with different surgical 
strategies according to physiological status: a stepwise 
approach versus immediate thoracotomy. Their comparison 
is followed by a brief review of the current literature to 
contextualize evolving surgical decision-making in this rare 
but life-threatening condition.5

The cases were retrospectively reviewed at the 
University Hospital of Trauma (Tirana, Albania), focusing on 
clinical presentation, imaging findings, surgical management, 
and postoperative outcomes. Diagnostic evaluation included 
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contrast-enhanced computed tomography (CT) and contrast 
swallow studies, performed according to institutional trauma 
protocols.

To provide clinical context and comparative 
interpretation, a brief review of relevant publications on 
penetrating esophageal injuries and their surgical management 
was conducted using PubMed. Priority was given to recent 
articles and reviews discussing the timing of intervention, 
the choice of surgical approach, and the role of endoscopic 
stenting. The aim was to situate the reported cases within 
the current evidence and highlight practical decision-making 
considerations.

Case Presentations

Case 1
A 28-year-old male sustained a thoracoabdominal gunshot 

wound. Initial imaging revealed a right hemopneumothorax, 
diaphragmatic laceration, and distal esophageal leakage. 
The patient underwent abdominal repair of the diaphragm 
and esophagus and a feeding jejunostomy. On postoperative 
day (POD) 5, clinical suspicion and imaging confirmed a 
persistent esophageal fistula (Grade 5). Endoscopic esophageal 
stenting was performed, with complete resolution within 4 
weeks. Oral diet was progressively reinstated. Follow-up at 
1, 3, and 6 months showed normal swallowing and no late 
fistula or stricture. Preoperative imaging is shown in Figure 
1; postoperative imaging after endoscopic stent placement is 
shown in Figures 2 and 3.

Case 2
An 11-year-old male presented hemodynamically 

unstable following a trans-thoracic gunshot wound with entry 
at the left anterior axillary line and exit at the right mid-axillary 
line. Emergency laparotomy identified bilateral diaphragmatic 
tears, gastric injury, and segment VII liver involvement. A 
contrast-enhanced CT scan subsequently demonstrated a lower 
esophageal leak. The patient underwent right thoracotomy 
with primary esophageal repair. Postoperative recovery was 
uneventful. At 3- and 6-month follow-up, oral feeding was well 
tolerated without dysphagia, fistula, or stricture. Preoperative 
imaging is shown in Figure 4; three‑month postoperative 
imaging is shown in Figure 5.

Fig. 1. Preoperative CT scan showing right 
hemopneumothorax and distal esophageal leak.

Fig. 2. Postoperative CT scan after endoscopic 
stent placement demonstrating containment of 
the esophageal leak.

Fig. 3. Six-month follow-up CT scan showing 
complete healing of the distal esophageal 
lesion with no evidence of leak or mediastinal 
collection. Lung fields are clear and 
symmetrically expanded.

Fig. 4. Preoperative CT scan demonstrating 
lower esophageal leak and associated 
thoracoabdominal injuries (diaphragm, 
stomach, and liver involvement).

Fig. 5. Three-month postoperative CT 
scan showing intact esophageal repair 
with normal mediastinal structures and no 
recurrence of leak.
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Discussion
These cases illustrate two complementary paradigms in 

managing penetrating esophageal injuries. In stable patients, 
staged management with early nutritional access, vigilant leak 
surveillance, and selective endoscopic stenting can obviate 
the need for immediate thoracotomy while achieving durable 
healing. In unstable patients or when contamination is extensive, 
prompt thoracic exploration and primary repair remain the 
standard. Key decision factors include hemodynamic status, 
injury location, contamination burden, associated injuries, and 
institutional expertise.

Endoscopic stenting has emerged as a valuable adjunct 
in managing postoperative leaks and selected traumatic 
perforations, serving as a bridge to recovery while protecting 
the repair and enabling enteral nutrition. A multidisciplinary 
approach—including trauma surgery, thoracic surgery, 
endoscopy, intensive care, radiology, and nutrition—optimizes 
timing and reduces complications. Reported predictors of 
adverse outcomes include delayed diagnosis (>24 hours), 
mediastinal contamination, and severe associated injuries. 
Early recognition, tailored repair or diversion, and structured 
follow-up are therefore essential. Representative images for 
both cases are shown in Figures 1–4.

Over the last decade, several multicenter and registry-
based studies have refined the management of penetrating 
esophageal trauma. The AAST and EAST collaborative 
analyses 6,7 emphasize that early recognition within 24 hours 
remains the strongest predictor of survival. Contemporary 
reviews highlight the progressive role of endoscopic 
interventions, including stenting and vacuum-assisted closure, 
as adjuncts to surgical repair.4

Studies comparing immediate thoracotomy to staged or 
minimally invasive approaches show comparable mortality 
when the delay does not exceed 24 hours, and contamination 
is controlled.8,9 Early nutritional support via jejunostomy and 
the selective endoscopic therapy have been associated with 
reduced mediastinitis and shorter hospital stay.

Literature increasingly emphasizes the role of coordinated 
care among trauma surgeons, thoracic surgeons, and endoscopists 
in individualizing treatment. The use of standardized 
postoperative imaging and nutritional follow-up, as illustrated 
in our two cases, aligns best with WSES recommendations.5

Our two cases exemplify opposite but equally valid 
management paths: a stable adult patient benefiting from 
minimally invasive stenting, and a hemodynamically unstable 
pediatric patient salvaged through immediate thoracotomy. 
Both strategies achieved leak control and functional recovery 
without stricture, consistent with the <10% leak rate reported 
in contemporary series when treatment is individualized.

Taken together, the synthesis of recent evidence 
supports a paradigm shift from a one-size-fits-all surgical 
model to physiology-driven decision-making. Early imaging, 
timely intervention, and the selective use of endoscopic stents 
have markedly improved survival and functional outcomes in 
penetrating esophageal trauma.

Penetrating esophageal injuries remain uncommon 
but clinically formidable because early signs can be subtle 

while the risk of mediastinitis and sepsis rises rapidly with 
delay. Extensive multiinstitutional experience emphasizes 
that timely diagnosis (ideally <24 hours), adequate source 
control, and restoration of alimentary continuity are the pillars 
of care.6,10 Our two cases reinforce that the choice between 
immediate thoracic exploration and a staged approach should 
be individualized, primarily based on hemodynamic status, 
associated injuries, the anatomic location of the perforation, 
and contamination burden.

In unstable patients, prompt thoracic exposure with 
primary repair remains the standard because it achieves 
rapid control of contamination and bleeding and permits 
wide mediastinal debridement when needed.6  By contrast, 
in physiologically stable patients without overwhelming 
contamination, a stepwise plan that prioritizes early 
nutritional access (e.g., feeding jejunostomy), vigilant 
leak surveillance, and delayed thoracic intervention can be 
both safe and organpreserving.4 Observational series and 
contemporary reviews suggest that this selective strategy does 
not compromise outcomes when strict monitoring and early 
reintervention thresholds are observed.4,7,8

Therapeutic endoscopy with covered stent placement 
has emerged as an effective adjunct for postoperative leaks and 
certain contained traumatic perforations, reducing ongoing 
contamination, protecting the repair, and enabling enteral 
nutrition.4,11,12 In Case 1, an esophageal fistula identified on 
POD 5 was successfully bridged with an endoscopic stent, 
with complete resolution after four weeks and excellent 
mediumterm function. Systematic appraisals indicate that 
stent therapy is most effective when instituted early, in the 
absence of uncontrolled sepsis, and when accompanied by 
drainage and antibiotic therapy; careful followup is essential 
to detect migration or stricture.4 

Clinical suspicion must remain high in thoracoabdominal 
gunshot wounds that traverse the mediastinum. Crosssectional 
imaging with contrast, selective contrast swallow, and early 
endoscopy are complementary modalities; institutional 
protocols that integrate these tests shorten timetodiagnosis 
and improve outcomes.5,10,13 The World Society of Emergency 
Surgery (WSES) guidelines support tailored diagnostic 
algorithms and emphasize damagecontrol principles in 
unstable patients.5

Across historical and contemporary cohorts, predictors 
of morbidity and mortality include delayed presentation (>24 
hours), extensive mediastinal contamination, cervical vs. 
thoracic location differences, and severe associated injuries.6,7,9,10 
Registry analyses underscore that noniatrogenic esophageal 
trauma frequently coexists with major thoracoabdominal 
injuries, making coordinated, multidisciplinary management 
pivotal.7,9  Our cases align with these observations: the unstable 
pediatric patient benefited from immediate thoracotomy and 
primary repair, whereas the stable adult patient achieved 
healing with a staged, minimally disruptive pathway. 
Implications for practice.   These experiences support a 
pragmatic algorithm: (i) resuscitate and triage by physiology; 
(ii) obtain early crosssectional imaging ± endoscopy; (iii) 
choose immediate thoracic repair when unstable or when 
contamination is diffuse; (iv) consider staged management 
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with nutritional access and selective stenting when stable 
and contamination is limited; and (v) ensure structured 
followup to detect late complications such as leak, stricture, or 
dysphagia.4-7,9 Within such a framework, individualized timing 
and modality of intervention, together with early nutrition 
and close surveillance, optimize functional recovery while 
minimizing reoperation and longterm morbidity.

Conclusion
Tailored surgical strategies based on physiological 

status and imaging are central to successful outcomes in 
penetrating esophageal trauma. Staged management with 
endoscopic stenting can be effective in stable patients, while 
immediate thoracotomy is indispensable in unstable scenarios. 
Multidisciplinary coordination and early nutritional planning 
are crucial to minimize leaks, infections, and long-term 
morbidity.
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Abstract
Nasopharyngeal carcinoma is a rare malignancy in children, representing less than one percent of pediatric cancers, with 
incidence varying across regions. A fourteen-year-old boy presented with one month of right nasal obstruction, ear fullness, 
hearing loss, and progressive headache. Physical examination revealed a 20×20 mm mass at the level II of the neck. Anterior 
rhinoscopy revealed mucosal discharge and a friable mass occupying the right nasal cavity. The left nasal cavity showed inferior 
turbinate hypertrophy, livid mucosa, and mucous secretion, with a mass appearance suggestive of contralateral compression. 
Contrast-enhanced MSCT angiography of the head and neck revealed a bilateral solid nasopharyngeal mass (3.75×3.71×4.27 
cm) with post-contrast enhancement, extending into the sphenoid sinus and associated with destruction of the right sphenoid and 
temporal bones. Because early symptoms are nonspecific, the diagnosis of nasopharyngeal carcinoma in children is often delayed. 
Early recognition and evaluation are essential to reduce morbidity and improve clinical outcomes.(International Journal of 
Biomedicine. 2026;16(1):111-115.)
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Introduction
Nasopharyngeal carcinoma (NPC) is a malignant 

epithelial neoplasm of the nasopharyngeal mucosa and 
represents a distinct clinical entity within head and neck 
oncology.1-3 In the pediatric population, NPC is rare, 
accounting for less than 1% of all pediatric malignancies, and 
is particularly uncommon before the age of 10, with incidence 
rising during adolescence. 4,5  Reported rates are approximately 
0.5 per million in those aged 10–14 years and 1.1 per million 
in adolescents aged 15–17 years, with a first incidence peak 
between 10 and 20 years and a median diagnostic age of 12–15 
years.3,6-10 In contrast, NPC in the general population is most 
commonly diagnosed in adults aged 40–60 years old. 3,8,9,11,12 
Globally, incidence varies substantially, reaching as high as 

40 per 100,000 annually in endemic regions such as southern 
China, Southeast Asia, Alaska, and the Mediterranean Basin, 
but remaining below 1 per 100,000 in most industrialized 
countries.4,13,14 SEER data also show higher incidence among 
African American children, adolescents, and young adults 
compared with Caucasian individuals, underscoring the 
combined influence of genetic susceptibility and environmental 
exposures in NPC pathogenesis.15 Nasopharyngeal carcinoma 
originates in deep head and neck structures, and symptoms 
often appear only after substantial local invasion, contributing 
to diagnostic delay.3 In children and adolescents, more than 
90 percent present with invasive disease, and over 80 percent 
are diagnosed at stage III or IV, higher proportions than in 
adults, although distant metastasis is less frequent.5,7,16,17 

Despite advanced presentation, outcomes in younger patients 
have improved significantly with combined radiotherapy 
and chemotherapy, yielding five-year survival rates above 
80 percent and an overall better prognosis compared with 
adults.18 These diagnostic challenges underscore the need for 
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early recognition and timely evaluation, which are essential 
for optimizing treatment outcomes.

Case Presentation
A 14-year-old male presented with a one-month history 

of progressive right-sided nasal congestion, accompanied by 
ipsilateral ear fullness, conductive hearing impairment, and 
increasingly severe headaches. He denied epistaxis, diplopia, 
recent trauma, allergic symptoms, or abnormal bleeding 
tendencies. His past medical history was notable only for a 
tonsillectomy at age 5. He was a non-smoker, although his 
father was an active smoker. His dietary history revealed 
frequent consumption of grilled foods, while intake of instant 
foods, packaged beverages, and salted fish was infrequent. 

Initially, the patient was ordered an EEG examination 
due to a suspicion of epilepsy. Coincidentally, upon physical 
examination, a 20×20 mm mass was detected at level II of 
the neck (Figure 1). Oropharyngeal examination showed small 
tonsils (T1/T1) without hyperemia or granulation. Anterior 
rhinoscopy revealed mucosal discharge and a friable mass 
occupying the right nasal cavity. The left nasal cavity showed 
inferior turbinate hypertrophy, livid mucosa, and mucous 
secretion, with a mass appearance suggestive of contralateral 
compression (Figure 2). Otoscopic findings were normal 
bilaterally.

Laboratory investigations demonstrated mild 
thrombocytosis (platelets 554 ×10³/µL) and a mildly prolonged 
APTT (42.4 seconds), with all other hematological, renal, 
hepatic, electrolyte, and viral serologic parameters within 

normal limits. Contrast-enhanced MSCT revealed a bilateral 
solid nasopharyngeal mass (3.75×3.71×4.27 cm) with post-
contrast enhancement, extending into the sphenoid sinus and 
associated with destruction of the right sphenoid and temporal 
bones (Figure 3). Intracranial extension into the extra-axial 
prepontine space was noted, with vascular supply arising from 
the right ascending pharyngeal artery (branch of the internal 
maxillary artery). Bilateral ethmoiditis was also identified. 
No arterial thrombosis, stenosis, or aneurysm was observed. 
A prior contrast-enhanced head MSCT had demonstrated 
a similar malignant nasopharyngeal mass (3.56×2.80×3.80 
cm) with intracranial extension, right mastoiditis, cerebral 
edema, and a metastatic-appearing nodule in the right level 
IIB cervical region. Chest radiography showed unremarkable 
cardiopulmonary findings. A bilateral nasopharynx mass 
biopsy revealed non-keratinizing squamous cell carcinoma 
(NK-NPC), undifferentiated subtype.

Discussion
Childhood nasopharyngeal carcinoma (NPC) is frequently 

diagnosed late, as its rarity, nonspecific early complaints, 
and anatomically deep location often keep it silent for a long 
time.4,13 Initially, children with NPC present with a neck mass 
(60–90%), typically appearing as unilateral or bilateral, large, 
painless, non-inflammatory cervical lymphadenopathy.5,14 
Beyond this, additional nasal, auditory, and neurological 
symptoms may arise depending on the extent of primary tumor 
involvement. Nasal manifestations (obstruction, epistaxis, or 
mucous discharge) and auditory manifestations (otalgia, serous 
otitis media, and hearing impairment) are observed in 30-70% 
and 20–45% cases, respectively.3-5 Compared with adolescents, 
nasal congestion was more frequently reported in younger 
children (36.8% vs. 9.4%), whereas ear-related symptoms 
were less common in this age group (15.8% vs. 53.1%). These 

Figure 1. Physical examination: A mass at the level II 
of the neck. 

Figure 2. Anterior rhinoscopy.

Figure 3. Contrast-enhanced MSCT angiography of 
the head and neck.
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findings suggest that nasopharyngeal evaluation should be 
prioritized at initial presentation in younger children, whereas 
in adolescents, early assessment for auditory involvement is 
particularly warranted.5 Less frequently, skull base invasion 
may result in cranial nerve palsies (5–22%), headaches (11–
32%), and ocular symptoms (26%).3,5,19,20 Other symptoms, such 
as trismus, taste disturbances, or dysphagia, are rarely described 
in pediatric NPC.4 Nonspecific clinical manifestations, 
particularly in the absence of cervical lymphadenopathy, which 
is the most frequent presenting sign, may result in missed or 
delayed diagnosis.

In the present case, the patient presented with a one-
month history of progressive right-sided nasal congestion, 
ear fullness, conductive hearing impairment, and worsening 
headaches. A 20×20 mm mass was found on examination, 
although the parents had not noticed or reported any neck 
swelling. Early symptoms of nasopharyngeal carcinoma 
are often misinterpreted as benign upper respiratory tract 
infections, underscoring the need for heightened clinical 
vigilance and thorough assessment of persistent or atypical 
symptoms in pediatric patients. 

Accurate staging of pediatric NPC requires appropriate 
imaging and comprehensive clinical evaluation. The initial 
assessment should include a full physical examination of the 
cervical and supraclavicular lymph nodes and a thorough 
neurological evaluation, complemented by a contrast-enhanced 
MRI or CT scan of the head, neck, and supraclavicular 
regions.14 MRI is generally superior to CT for evaluating the 
primary tumor and involved cervical and retropharyngeal 
lymph nodes in both adult and pediatric NPC, while CT may 
be useful when skull base invasion is uncertain.21-25 In addition, 
chest and abdominal CT scans with iodine contrast should be 
performed to evaluate for distant metastases.14 FDG PET/CT 
provides excellent detection of nodal and distant metastases.26 
When PET/CT is unavailable, combined CT and technetium 
bone scintigraphy may be used as an alternative.27 

Staging of NPC requires precise assessment of 
locoregional tumor extension, skull base involvement, and 
distant metastases. Current staging practice follows the 8th 
edition of the American Joint Committee on Cancer (AJCC) 
Staging System, which provides standardized criteria for 
tumor (T), nodal (N), and metastatic (M) classifications to 
guide prognosis and treatment planning.28 Nodal staging is 
based on clinical and radiologic findings. Lymph nodes are 
considered involved if the short-axis diameter exceeds 10 mm, 
demonstrates central necrosis or extracapsular spread on MRI/
CT, or shows pathological uptake on FDG-PET.3 

Cytological examination of enlarged nodes can aid 
diagnosis in ambiguous cases.14 Histological confirmation 
is essential once clinical and radiological findings suggest 
NPC; this is preferably obtained via endoscopic exploration 
of the primary tumor, or alternatively, a large cervical lymph 
node may be biopsied. Nasopharyngeal endoscopy allows 
detailed evaluation of tumor location, extension, and potential 
complications such as bleeding. Pretreatment evaluation 
should include standard laboratory tests (hematological, 
hepatic, and renal function), oral and dental assessment, 
audiometry, DPD testing before 5-fluorouracil therapy, fertility 

preservation, serum and plasma EBV DNA evaluation, and 
molecular analyses.14 Nearly all pediatric undifferentiated 
NPC cases show evidence of EBV infection in the primary 
tumor. High plasma EBV DNA levels have been identified as 
a negative prognostic factor in adults, and several pediatric 
studies have demonstrated similar trends.3 Early-stage tumors 
may be subtle on endoscopy; therefore, MRI, PET/CT, and, 
when indicated, fine-needle aspiration of cervical nodes are 
commonly used. In children, diagnosis is most frequently 
established via biopsy of neck masses.15,29 

According to the 4th edition of the WHO classification, 
NPC subtypes include keratinizing squamous cell carcinoma 
(KSCC, type I), non-keratinizing carcinoma (differentiated, 
type II; and undifferentiated, type III), and basaloid squamous 
cell carcinoma. KSCC, characterized by conventional squamous 
differentiation, intercellular bridges, and keratinization, is rare 
in children. Non-keratinizing undifferentiated carcinoma, the 
most common subtype in pediatric and young adult patients, 
is characterized by large tumor cells with prominent nuclei, 
scant cytoplasm, and high mitotic activity. KSCC accounts for 
less than 5% of NPCs, while non-keratinizing and anaplastic 
subtypes represent over 90% and are predominantly associated 
with Epstein-Barr virus (EBV) infection.5,15,30-33 KSCC’s relative 
radioresistance may contribute to poorer prognosis.5 

This case underscores the importance of heightened 
clinical suspicion for NPC in children presenting with persistent 
unilateral nasal or otologic symptoms. Early distinction from 
common upper respiratory conditions is crucial. Failure to 
identify clinical warning signs, such as unilateral progressive 
obstruction, cranial nerve involvement, recurrent headaches, 
or epistaxis, may lead to a delayed diagnosis and significant 
consequences for prognosis and overall quality of life.

Conclusion
Pediatric nasopharyngeal carcinoma is rare yet frequently 

diagnosed at an advanced stage due to its deep location and 
initially nonspecific symptoms. This case highlights the need 
for heightened clinical suspicion when children present with 
persistent unilateral nasal or otologic complaints, particularly 
when accompanied by headaches or cranial nerve symptoms. 
Early recognition and timely diagnostic evaluation are essential, 
as prompt multimodal treatment can achieve favorable outcomes 
despite the typically advanced presentation.
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Abstract
Magnetic foreign bodies of the gastrointestinal tract (GIT) in children represent a rare but hazardous type of foreign body, capable 
of causing severe complications such as multiple perforations and inter-intestinal fistulas. In recent years, their incidence has 
increased due to the widespread use of magnetic toys and construction sets. Diagnosis is particularly challenging, as parents are 
not always aware of the ingestion, and the clinical presentation may mimic other acute surgical conditions. The article presents 
a clinical case of a 1.5-year-old boy who ingested 5 magnetic beads, complicated by fistula formation and perforation, as well 
as an analysis of data from the Republican Scientific Center of Emergency Medical Care (RSCEMC), in the Department of 
Pediatric Emergency Surgery for the period 2014–2019, describing the features of diagnosis, treatment strategies, and outcomes. 
(International Journal of Biomedicine. 2026;16(1):116-119.)
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Introduction
Foreign bodies of the gastrointestinal tract (GIT) in 

children are one of the most common problems in emergency 
pediatric surgery. According to the American Association of 
Poison Control Centers, approximately 75% of the 116,000 
registered cases of foreign body ingestion occur in children 
under 5 years of age.1 Most objects (coins, buttons, small toys) 
pass through the gastrointestinal tract on their own. However, 
batteries and magnets pose a particular threat. Unlike other 
foreign bodies, magnets can attract each other through the 
intestinal wall, leading to localized ischemia, necrosis, fistula 
formation, and perforations.2,3 According to the Republican 

Scientific Center of Emergency Medical Care (RSCEMC), in 
the Department of Pediatric Emergency Surgery, during the 
period 2014–2019, an increase in the number of children with 
magnetic foreign bodies was noted, reaching 3% of all cases 
of foreign bodies, while more than 51.8% of them required 
surgical intervention.4 

This study aimed to examine the clinical manifestations, 
diagnostic approaches, and surgical outcomes of children with 
multiple magnetic foreign bodies in the gastrointestinal tract, 
using the clinical case and RSCEMC data. 

Case Presentation
A 1.5-year-old female patient was admitted to the 

Department of Pediatric Emergency Surgery with complaints 
of abdominal pain, repeated vomiting, anxiety, and general 
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weakness. According to the mother, the child had been ill for 
about 10 days. The illness began with restlessness and crying 
when the abdomen was palpated, then progressed to nausea 
and repeated vomiting. Initially, the patient was treated at 
an infectious disease hospital, where infusion therapy was 
administered without improvement. An abdominal X-ray 
revealed multiple metallic shadows, and the child was 
transferred to a specialized pediatric emergency surgery center.
Clinical Findings and Investigations

The child’s general condition is moderate, approaching 
serious. The child is lethargic. Body temperature is 36.7°C. 
The abdomen is soft, diffusely painful upon palpation, without 
symptoms of peritoneal irritation. Stool has not passed for two 
days.

Plain abdominal radiography revealed fluid levels in 
the small bowel loops and five rounded metallic shadows 
consistent with magnetic foreign bodies (Figure 1). 
Ultrasound examination revealed moderate dilation of the 
small intestinal loops, thickening of their walls, weakening of 
peristalsis and the presence of a small amount of free fluid. 
(Figure 2). In complete blood count tests over time showed 
minor fluctuations in hemoglobin (118→100 g/L), moderate 
leukocytosis up to 9.2×10⁹/L, without a shift in the leukocyte 
formula.

Biochemical parameters were within the age-appropriate 
range, with the exception of a transient increase in glucose 
(15.5 mmol/L) and urea (16.3 mmol/L) upon admission, 
which returned to normal levels after fluid therapy. Urinalysis 
revealed no abnormalities.

Surgical Treatment and Postoperative Course
Taking into account the clinical signs of intestinal 

obstruction, imaging data, and the high risk of perforation, 
a decision was made to perform emergency surgery. A mid-
lower laparotomy was performed. Examination revealed 
dilated small bowel loops and serous effusion in the abdominal 
cavity. At a distance of approximately 30 cm from the ligament 
of Treitz, adhesions were found between loops of the small 
intestine, which arose as a result of the attraction of several 
magnetic foreign bodies located in different loops of the small 
intestine. Also, at this level of the proximal loop of the small 
intestine, there is a microperforation of the small intestine, 
which was sutured with a double-row suture. At a level of 40 
cm from the Treitz ligament, two longitudinal perforations 
were detected, due to which a resection of a section of the 
small intestine approximately 10 cm long was performed with 
the formation of a side-to-side ileoileal anastomosis. Five 
magnetic foreign bodies were removed from the distal small 
intestine through a separate enterotomy. The abdominal cavity 
was debrided and drained (Figures 3-6).

The postoperative course was uneventful. The patient 
received antibiotics and intravenous fluids, and nutrition 
gradually recovered. Bowel movements returned on the fourth 
postoperative day. The drains were removed 5–7 days after 
surgery. The postoperative wound healed by primary intention.

Discussion
Magnetic foreign bodies constitute a small proportion 

of all foreign bodies in the gastrointestinal tract in children, 
but they are characterized by the most severe course and 
the highest frequency of complications.2,5 Late presentation, 
due to the lack of a reliable anamnesis and non-specific 
symptoms, significantly increases the risk of perforations and 
interintestinal fistulas.3,6 According to several authors, more 

            Fig 1. Plain radiography of the abdominal organs.

                 Fig 2. Ultrasound of the abdominal organs.  

                             Fig. 3,4,5,6. Intraoperative picture.
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than 40% of patients with multiple magnets require surgical 
treatment,4,7 which is consistent with the presented clinical 
observation. 

Between 2014 and 2019 alone, 1,046 children with 
gastrointestinal foreign bodies sought treatment at the 
RSCEMC. Patients ranged in age from 1 month to 18 years 
(mean age of 4.28±0.11 years). Depending on the time of 
treatment, the following were distinguished: urgent (<2 hours 
from symptom onset), emergency (2–24 hours), and late 
(>24 hours). According to the Russian Scientific Center for 
Emergency Medicine, only 25% of children with magnetic 
objects were admitted within the first day after swallowing, 
while the majority (75%) were admitted later than 24 hours 
(Figure 7). These results are comparable with the data of Singh 
et al.,5 where late presentation for magnetic foreign bodies was 
observed in 68% of patients. Similar results are reported by 
Kim et al.,6 indicating that it is the delay in treatment that is 
directly related to the high incidence of perforations.  

Among all foreign bodies in children, blunt objects 
predominated - 497 (47%), sharp objects were found in 310 
(30%), batteries - 124 (12%), magnets - 29 (3%), phytobezoar-1 
(0.1%). Of these, magnetic objects were diagnosed in 3% of 
cases. Magnets were the most common cause of complications 
requiring open surgery (Figure 8). 

Clinical manifestations at admission in children with 
magnetic foreign bodies of the gastrointestinal tract (n=29) 
were characterized by dysphagia, detected in 11 patients 

(38%), predominantly when the magnets were localized in the 
esophagus; vomiting in 9 children (31%), more often when 
foreign bodies were retained in the stomach or in the presence 
of early signs of intestinal obstruction; nausea in 8 patients 
(28%), frequently combined with vomiting and reflecting 
irritation of the mucosal lining; hypersalivation in 7 children 
(24%), mainly associated with difficulty in the passage of food 
through the esophagus (Figure 9). 

These symptoms reflect both the mechanical impact 
of magnets and developing complications (swelling, 
inflammation, disruption of food passage). These data are 
consistent with the results of the study by Brown et al.,3 in 
which most patients with magnets had predominant symptoms 
of swallowing disorders and vomiting, and pronounced signs 
of peritoneal irritation appeared only when complications 
developed. It is important to note that the initial symptoms 
often mimicked infectious diseases, which in some cases led 
to children being erroneously referred to infectious disease 
hospitals.

These patients underwent standard diagnostic methods: 
plain radiography of the chest and abdominal organs, 
radiocontrast examinations of the gastrointestinal tract, 
ultrasound, and multispiral computed tomography. When 
necessary, EGDS and colonoscopy were performed. Plain 
abdominal and chest radiography remains the gold standard 
for diagnosis, allowing the detection and quantification of 
metallic objects. However, the key difficulty is recognizing 
magnets, as they can form a single conglomerate and be 
mistaken for a single object. In our practice, the presence 
of free fluid on ultrasound and an increase in CRP to>100 
mg/L were important predictors of a complicated course. 
According to Abbas et al.,7 the combination of radiography 
and ultrasound increases the accuracy of diagnosing 
complications to 85%.

In total, endoscopic treatment was performed in 711 
children (68%), of which endoscopic retraction was performed 
in 96.2% of cases, endoscopic fragmentation in 1.8%, and push-
through in 2%. Our data are confirmed by Litovitz et al.,1 where 
endoscopy was effective mainly with single magnets in the 
stomach (Table 1).

In our series, 51.8% of patients with magnetic foreign 
bodies required open surgery, in some cases with bowel 
resection. The relatively low rates of surgical intervention 
for coins and other blunt objects (less than 5%) highlight 
the exceptional danger posed by magnets. In a similar study 

Fig. 7. Time of admission: (a) )urgence, (b) 
emergency, (c) late

Fig. 8. Frequency of gastrointestinal foreign bodies 
in children (according to the RSCEMC).

                                  Fig. 9. Clinical symptoms.

    (a)                 (b)                (c)
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by Butterworth et al.,2 surgical tactics were used in 43% of 
patients with magnets, which is generally comparable to our 
results.

In the general group of foreign bodies, open surgeries 
were performed in 27 children (2.58%), with the largest 
proportion of surgical interventions observed in patients with 
magnetic foreign bodies – more than half of them required 
laparotomy. At the same time, in cases of coins and other 
blunt objects, surgical treatment was required in less than 5% 
of cases.

Thus, our data and literature reviews demonstrate that 
magnetic foreign bodies constitute a distinct category with 
an extremely unfavorable prognosis when presented late. 
Early diagnosis and vigilance by primary care physicians can 
significantly reduce the risk of severe complications and the 
need for extensive surgical interventions.

Conclusions
Magnetic foreign bodies in the gastrointestinal tract in 

children account for a small proportion of all cases (about 3%), 
but are characterized by a high frequency of complications, 
making them the most dangerous category of foreign bodies.

Most patients present late (more than 24 hours after 
ingestion), due to unreliable anamnesis and the non-specific 
clinical picture.

Clinical manifestations most often include dysphagia, 
vomiting, nausea, and hypersalivation, but in some cases, the 

symptoms mimic acute infectious diseases, which complicate 
early diagnosis.

Endoscopic removal of magnets is possible only in 
isolated cases with early presentation and localization in 
the upper gastrointestinal tract. In most cases, late detection 
requires laparotomy and resection of the affected intestinal 
segments.

Timely X-ray diagnostics and surgeon vigilance can 
reduce the risk of serious complications.

Active preventative work with parents is necessary: 
informing them about the risks of magnetic toys and the need 
for immediate medical attention if swallowing is suspected.
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Table 1. 
Treatment methods for foreign bodies in the gastrointestinal tract 
in children (n = 1046).

Type of treatment

Magnetic
foreign
bodies
n (%)

Other 
foreign
bodies
n (%)

n (%)

Endoscopic treatment 6 (20.7%) 705 (69.3%) 711 (68.0%)

Dynamic observation 5 (17.2%) 288 (28.3%) 293 (28.0%)

Laparoscopic surgery 
(with video assistance) 3 (10.3%) 12 (1.18%) 15 (1.43%)

Open surgical treatment 15 (51.7%) 12 (1.18%) 27 (2.58%)

Total 29 (100%) 1017 (100%) 1046 (100%)
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for a free trial.) 

Authors who are unable to provide an electronic version 
or have other circumstances that prevent online submission 
must contact the Editorial Office prior to submission to discuss 
alternate options (editor@ijbm.org). 
Cover Letter 

The cover letter should be saved as a separate file for 
upload. In it, the authors should (1) state that the manuscript, 
or parts of it, have not been and will not be submitted 
elsewhere for publication; (2) state that all authors have read 
and approved the manuscript; and (3) disclose any financial 
or other relations that could lead to a conflict of interest. If a 
potential conflict exists, its nature should be stated for each 
author. When there is a stated potential conflict of interest a 
footnote will be added indicating the author’s equity interest 
in or other affiliation with the identified commercial firms. 

The corresponding author should be specified in the 
cover letter. All editorial communications will be sent to this 
author. A short paragraph telling the editors why the authors 
think their paper merits publication priority may be included 
in the cover letter. 

Types of articles 
Original articles 

Original articles present the results of original research. 
These manuscripts should present well-rounded studies 
reporting innovative advances that further knowledge about a 
topic of importance to the fields of biology or medicine. These 
can be submitted as either a full-length article (no more than 
6,000 words, 4 figures, 4 tables) or a Short Communication 
(no more than 2,500 words, 2 figures, 2 tables). An original 
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article may be Randomized Control Trial, Controlled Clinical 
Trial, Experiment, Survey, and Case-control or Cohort study. 
Case Reports

Case reports describe an unusual disease presentation, 
a new treatment, a new diagnostic method, or a difficult 
diagnosis. The author must make it clear what the case adds 
to the field of medicine and include an up-to-date review of 
all previous cases in the field. These articles should be no 
more than 5,000 words with no more than 6 figures and 3 
tables. Case Reports should consist of the following headings: 
Abstract (no more than 100 words), Introduction, Case 
Presentation (clinical presentation, observations, test results, 
and accompanying figures), Discussion, and Conclusions.
Reviews

Reviews analyze the current state of understanding 
on a particular subject of research in biology or medicine, 
the limitations of current knowledge, future directions to be 
pursued in research, and the overall importance of the topic. 
Reviews could be non-systematic (narrative) or systematic. 
Reviews can be submitted as a Mini-Review (no more than 
2,500 words, 3 figures, and 1 table) or a long review (no more 
than 6,000 words, 6 figures, and 3 tables). Reviews should 
contain four sections: Abstract, Introduction, Topics (with 
headings and subheadings, and Conclusions and Outlook.
Perspectives

Perspectives are brief, evidenced-based and formally 
structured essays covering a wide variety of timely topics 
of relevance to biomedicine. Perspective articles are limited 
to 2,500 words and usually include ≤10 references, one 
figure or table. Perspectives contain four sections: Abstract, 
Introduction, Topics (with headings and subheadings), 
Conclusions and Outlook.
Viewpoints

Viewpoint articles include academic papers, which 
address any important topic in biomedicine from a personal 
perspective than standard academic writing. Maximum length 
is 1,200 words, ≤70 references, and 1 small table or figure.

Manuscript Preparation 

Title Page 
The first page of the manuscript (title page) should include 

(1) a full title of the article, (2) a short title of less than 60 
characters with spaces, (3) the authors’ names, academic degrees, 
and affiliations, (4) the total word count of the manuscript 
(including Abstract, Text, References, Tables, Figure Legends), 
(5) the number of figures and tables, and (6) the name, email 
address, and complete address of corresponding author.

Disclaimers. An example of a disclaimer is an author's 
statement that the views expressed in the submitted article are 
his or her own and not an official position of the institution or 
funder.
Abstract 

The article should include a brief abstract of no more 
than 200 words. Limit use of acronyms and abbreviations. 
Define at first use with acronym or abbreviation in parentheses. 
The abstract should be structured with the following headings: 
Background, Methods and Results, and Conclusions. The 

Background section should describe the rationale for the study. 
Methods and Results should briefly describe the methods and 
present the significant results. Conclusions should succinctly 
state the interpretation of the data. Authors should supply a 
list of up to four key words not appearing in the title, which 
will be used for indexing. The key words should be listed 
immediately after the Abstract. Use terms from the Medical 
Subject Headings (MeSH) list of Index Medicus when 
possible. 

Main text in the IMRaD format 
Introduction should describe the purpose of the study 

and its relation to previous work in the field; it should not 
include an extensive literature review. 

Methods should be concise but sufficiently detailed to 
permit repetition by other investigators. Previously published 
methods and modifications should be cited by reference. A 
subsection on statistics should be included in the Methods 
section.

Results should present positive and relevant negative 
findings of the study, supported when necessary by reference 
to Tables and Figures. 

Discussion should interpret the results of the study, 
with emphasis on their relation to the original hypotheses 
and to previous studies. The importance of the study and its 
limitations should also be discussed. 

The IMRaD format does not include a separate 
Conclusion section. The conclusion is built into the 
Discussion. More information on the structure and content 
of these sections can be found in the Recommendations for 
the Conduct, Reporting, Editing and Publication of Scholarly 
Work in Medical Journals (ICMJE Recommendations), 
available from www.ICMJE.org.
Acknowledgments, Sources of Funding, and Disclosures

Acknowledgments : All contributors who do not meet the 
criteria for authorship should be listed in an acknowledgments 
section. Examples of those who might be acknowledged include 
a person who provided purely technical help, writing assistance, 
or a department chairperson who provided only general support. 
Authors should declare whether they had assistance with study 
design, data collection, data analysis, or manuscript preparation. 
If such assistance was available, the authors should disclose the 
identity of the individuals who provided this assistance and the 
entity that supported it in the published article. 

Sources of Funding: All sources of financial support for 
the study should be cited on the title page, including federal or 
state agencies, nonprofit organizations, and pharmaceutical or 
other commercial sources. 

Disclosure and conflicts of interest: All authors must 
disclose any financial or other relations that could lead to a 
conflict of interest. If a potential conflict exists, its nature 
should be stated for each author. All sources of financial 
support for the study should be cited, including federal or state 
agencies, nonprofit organizations, and pharmaceutical or other 
commercial sources. Please use ICMJE Form for Disclosure 
of Potential Conflicts of Interest (http://www.icmje.org/
conflicts-of-interest/).

References 

References should follow the standards summarized 
in the NLM's International Committee of Medical Journal 
Editors (ICMJE) Recommendations for the Conduct, 
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Reporting, Editing and Publication of Scholarly Work in 
Medical Journals: Sample References webpage (www.nlm.
nih.gov/bsd/uniform_requirements.html) and detailed in the 
NLM's Citing Medicine, available from www.ncbi.nlm.nih.
gov/books/NBK7256/. MEDLINE abbreviations for journal 
titles (www.ncbi.nlm.nih.gov/nlmcatalog/journals) should be 
used. 

References should be presented in the Vancouver style. 
The first six authors should be listed in each reference citation (if 
there are more than six authors, “et al” should be used following 
the sixth). Periods are not used in authors’ initials or journal 
abbreviations. Examples of journal reference style:
Journal Article: Serruys PW, Ormiston J, van Geuns RJ, 
de Bruyne B, Dudek D, Christiansen E, et al. A Polylactide 
Bioresorbable Scaffold Eluting Everolimus for Treatment of 
Coronary Stenosis: 5-Year Follow-Up. J Am Coll Cardiol. 
2016;67(7):766-76. doi: 10.1016/j.jacc.2015.11.060.
Book: Murray PR, Rosenthal KS, Kobayashi GS, Pfaller MA. 
Medical Microbiology. 4th ed. St.  Louis: Mosby; 2002.
Chapter in Edited Book: Meltzer PS, Kallioniemi A, Trent JM. 
Chromosome alterations in human solid tumors. In: Vogelstein 
B, Kinzler KW, editors. The Genetic Basis of Human Cancer. 
New York: McGraw-Hill; 2002:93–113. 

References should be numbered consecutively in the 
order in which they are first mentioned in the text. Identify 
references in text, tables, and legends by Arabic numerals in 
parentheses and listed at the end of the article in citation order.

Tables 

Tables should be comprehensible without reference to 
the text and should not be repetitive of descriptions in the text. 
Every table should consist of two or more columns; tables with 
only one column will be treated as lists and incorporated into the 
text. All tables must be cited in the text and numbered in order of 
appearance. Tables should include a short title. Place explanatory 
matter in footnotes, not in the heading. Explain all nonstandard 
abbreviations in footnotes, and use symbols to explain information 
if needed. Each table submitted should be double-spaced, each on 
its own page. Each table should be saved as its own file as a Word 
Document. Explanatory matter and source notations for borrowed 
tables should be placed in the table footnote.

Figures and Legends 
All illustrations (line drawings and photographs) are 

classified as figures. All figures should be cited in the text and 
numbered in order of appearance. Figures should be provided 
in .tiff, .jpeg or .eps formats. Color images must be at least 
300 dpi. Gray scale images should be at least 300 dpi. Line 
art (black and white or color) and combinations of gray scale 
images and line art should be at least 1,000 dpi. The optimal 
size of lettering is 12 points. Symbols should be of a similar 
size. Figures should be sized to fit within the column (86 mm) 
or the full text width (180 mm). Line figures must be sharp, 
black and white graphs or diagrams, drawn professionally 
or with a computer graphics package. Legends should be 
supplied for each figure and should be brief and not repetitive 

of the text. Any source notation for borrowed figures should 
appear at the end of the legend. Figures should be uploaded as 
individual files. 
Units of Measurement

Measurements of length, height, weight, and volume 
should be reported in metric units (meter, kilogram, or liter) 
or their decimal multiples. Temperatures should be in degrees 
Celsius. Blood pressures should be in millimeters of mercury. 
All measurements must be given in SI or SI-derived units. 
Drug concentrations may be reported in either SI or mass 
units, but the alternative should be provided in parentheses 
where appropriate. 
Style and Language

The journal accepts manuscripts written in English. 
Spelling should be US English only. The language of 
the manuscript must meet the requirements of academic 
publishing. Reviewers may advise rejection of a manuscript 
compromised by grammatical errors. Non-native speakers of 
English may choose to use a copyediting service. 
Abbreviations and Symbols

Use only standard abbreviations; use of nonstandard 
abbreviations can be confusing to readers. Avoid abbreviations 
in the title of the manuscript. The spelled-out abbreviation 
followed by the abbreviation in parenthesis should be used 
on first mention unless the abbreviation is a standard unit of 
measurement. 

Drugs should be referred to by their generic names. If 
proprietary drugs have been used in the study, refer to these by 
their generic name, mentioning the proprietary name, and the 
name and location of the manufacturer, in parentheses.
Permissions

To use tables or figures borrowed from another source, 
permission must be obtained from the copyright holder, 
usually the publisher.  Authors are responsible for applying for 
permission for both print and electronic rights for all borrowed 
materials and are responsible for paying any fees related to 
the applications of these permissions. This is necessary even 
if you are an author of the borrowed material. It is essential 
to begin the process of obtaining permission early, as a delay 
may require removing the copyrighted material from the article. 
The source of a borrowed table should be noted in a footnote 
and of a borrowed figure in the legend. It is essential to use the 
exact wording required by the copyright holder. A copy of the 
letter granting permission, identified by table or figure number, 
should be sent along with the manuscript. A permission request 
form is provided for the authors use in requesting permission 
from copyright holders. 

Page Proofs
Page proofs are sent from the Publisher electronically and 

must be returned within 72 hours to avoid delay of publication. 
Generally, peer review is completed within 4-5 weeks.  

It is important to note that when citing an article from IJBM, 
the correct citation format is International Journal of 
Biomedicine.



IJBM
INTERNATIONAL JOURNAL OF BIOMEDICINE

International Journal of Biomedicine (IJBM) is an open access journal. IJBM publishes peer-reviewed 
articles on aspects of basic, applied, and translational research in biology and medicine. The main purpose 
of IJBM is to establish a scientific platform for targeted promotion of new scientific ideas and biomedical 
technologies focused on the applied aspects of biomedicine. 

         The journal publishes articles on:
        

Internal Medicine	
Cardiology
Pulmonology
Endocrinology
Neurology	
Hepatology
Gastroenterology
Nephrology	
Ophthalmology
Otorhinolaryngology
Radiology
Surgery
Obstetrics and Gynecology
Pediatrics	

Dermatology and STD
Clinical Immunology
Oncology	
Genomics and Proteomics
Population Genetics	
Epidemiology and Population Health
Reproductive Health	
Adolescent Health
Cell Biology
Experimental Biology
Biotechnology
Dentistry
Infectious Diseases 
Sports Medicine

                                        Authors are invited to submit:

                           Original articles
                         Review articles
                         Case reports
                         Perspectives
                         Viewpoints

 http://www.ijbm.org/                                                              International Medical Research and Development Corp.


