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Abstract
Interleukin-37 (IL-37), previously known as IL-1F7, is a member of the IL-1 family of cytokines. There are five basic 

subtypes of IL-37, including IL-37a, IL-37b, IL-37c, IL-37d, and IL-37e.  Like other members of the IL-1 family, IL-37 is initially 
expressed as an immature precursor protein that needs to be processed enzymatically by caspase-1 to generate the bioactive protein. 
However, unlike most other members of the IL-1 family, IL-37 induces anti-inflammatory activities in IL-37 receptor-positive 
target cells. IL-37 functions as an extracellular protein by binding to the IL-18 receptor, IL-18R, and an intracellular protein via its 
interaction with SMAD family member 3 (SMAD3). This article reviews recent findings regarding the IL-37 protein maturation 
process and the biological functions mediated by this cytokine.(International Journal of Biomedicine. 2024;14(2):209-216.)

Keywords: IL-37 • IL-37 precursor • anti-inflammatory cytokine • IL-18 • Smad3 • IL-1R8 • IL-37 isoforms

Graphical Abstract

For citation: Yang F, Gao L, Wu X, Su X, Ma W, Zhong L, Liu A, Bao F. Characteristics and Functions of IL-37.. International 
Journal of Biomedicine. 2024;14(2):209-216. doi:10.21103/Article14(2)_RA1

* Fang Yang and Li Gao contributed equally to the review. ** Corresponding authors: Aihua Liu, Fukai Bao.



210                                            F. Yang et al. / International Journal of Biomedicine 14(2) (2024) 209-216

Abbreviations
AMPK, AMP-activated kinase; DC, dendritic cell; Dok, 
downstream of kinase; ERK1/2, extracellular signal-regulated 
kinase 1/2; IL-18BP, IL-18 binding protein; IL-1F, IL-1 
family; LPS, lipopolysaccharide; Mer, a receptor tyrosine 
kinase expressed in monocytes, epithelial, and reproductive 
tissues; MAPK, mitogen-activated protein kinase; NLRP3, 
NOD-, LRR-, and pyrin domain-containing protein 3; NF-
κB, nuclear factor kappa B; SIGIRR, single immunoglobulin 
IL-1-related receptor; Tregs,  regulatory T cells; TGF-β, 
transforming growth factor-beta; TLR, toll-like receptor; 
USP, ubiquitin specific protease; VEGF, vascular endothelial 
growth factor. 

Biological Characteristics of IL-37   
Interleukin (IL)-37, commonly known as IL-1F7, was 

discovered in 1999/2000 by searching human-expressed 
sequence tag databases and sequencing the IL-1 gene cluster 
located on human chromosome 2.(1-3) IL-37, a member of 
the IL-1 family, is a potent anti-inflammatory cytokine with 
immunomodulatory effects.(4) 

The IL-37 gene, located on chromosome band 2q12.2 
between the IL-1β and IL-36γ genes, with a length of 3.617 kb, 
contains 6 exons.(5) The IL-37 gene has a molecular weight of 
about 17~25 kDa.(6) Alternative splicing of IL-37 pre-mRNA 
generates five cytokine isoforms, including IL-37a, IL-37b, 
IL-37c, IL-37d, and IL-37e.(7) Exons 1-3 encode unique 
N-terminal sequences of IL-37 that possess a caspase-1 
cleavage site and can be processed to its mature form.(8,9) The 
action of IL-37 is mediated by a β-barrel structural unit in its 
secondary structure.(10) The 12-β-strand-containing proteins 
may be formed by amino acid sequences encoded by exons 
4, 5, and 6.(11-13) The 12-hypothetical β-strand structural units 
that constitute the β-trefoil secondary structure of IL-37 are 
responsible for the protein’s function. IL-37a (encoded by 
exons 3–6), IL-37b (encoded by exons 1, 2, 4–6), and IL-37d 
(encoded by exons 1, 4–6) contain the encoding sequences of 
12 β-strands (exons 4–6) and are speculated to be functional 
cytokines. IL-37c (encoded by exons 1, 2, 5, and 6) and 
IL-37e (encoded by exons 1, 5, and 6) are predicted to be 
nonfunctional because of the lack of exon 4 encoding for β- 
trefoil secondary structure.

The expression of IL-37 isoforms is tissue-specific. 
For example, the brain, kidney, heart, bone marrow, and 
testis express IL-37a, IL-37b, IL-37c, IL-37d, and IL-37d, 
respectively.(11)

IL-37b, encoded by five of six IL-37 exons (exons 1, 2, 
4–6), is the longest and the best characterized IL-37 isoform, 
and is known to possess the strongest anti-inflammatory 
effects.(11,14) IL-37b is detected in lymph nodes, placenta, 
colon, lung, kidney, testis, thymus, and uterus(15,16) and acts as 
an anti-inflammatory cytokine. IL-37b inhibits the expression 
of multiple pro-inflammatory cytokines, such as IL-1α, IL-1β, 
IL-6, and TNF-α. (6,17-20)

Isoform IL-37a, encoded by exons 3, 4, 5, and 6, does 
not contain exon 1, but it is the only variant that contains exon 
3, which encodes a unique N-terminus.(10,11,21) Some studies 

indicate that IL-37a is protective against hepatic ischemia–
reperfusion injury.(9) However, further investigations are 
needed to better understand IL-37a functions.

IL-37c and IL-37e probably could not represent a 
functional form of a cytokine. IL-37e, encoded by exons 1, 
5, and 6, cannot bind to IL-18R because it lacks exon 4.(21,22)

IL-37d, encoded by exons 1, 4, 5, and 6, inhibits the 
activation of TNF-α-induced NF-κB in T cells. It is a positive 
feedback loop. The downregulation of the NF-κB pathway 
reduced the production of TNF-α, which lately abolished its 
stimulation to NF-κB activation.(23) Besides, IL-37d relies on 
the IL-1R8 receptor-mediated pathway to inhibit NLRP3(9,23) 
(Figure 1). The mature IL-37d could translocate into the nucleus, 
interacting with Smad3 and impacting its nuclear translocation 
to inhibit pro-inflammation, which is similar to IL-37b.(9) 

Balanced selection keeps several human IL37 gene 
variations in the human evolution process. There have been 
14 IL-37 protein variants found in various human populations. 
“Var1,” “Var2,” and “Ref” are three major variants occupying 
over 97% of those IL-37 protein variants.(24) Var2 induces a 
stronger, shorter-lived immune response due to preferential 
proteasome degradation compared to Var1 and Ref.(25)

Biological Activities of IL-37
IL-37 maturation process

Upon interaction with Smad3, IL-37 translocates into the 
nucleus, resulting in biological activity and the generation of 
its mature form via caspase-1 activity, although the mechanism 
requires further investigation.(26) Pan-caspase inhibition does 
not completely inhibit IL-37 processing, suggesting other 
proteases may be involved(26) (Figure 2).

The caspase-1 cleavage site maps between amino acid 
residues D20 and E21 on exon 1.(22,26) IL-37D20A-mutant 
cells have less mature IL-37 and lower rates of IL-37 nuclear 
translocation. However, the mutation does not completely inhibit 
IL-37 processing, indicating that other caspase-1 cleavage sites 
or other proteases may mediate IL-37 maturation.(27)

Fig. 1. IL-37d pathways for the inhibition of NLRP3 transcription.
IL-37d inhibits NLRP3 transcription by suppressing the NF-
κB signaling pathway. IL-37d inhibits the TNF-α-induced NF-
κB activation via a positive feedback loop. The suppression 
of NF-κB signaling reduces TNF-α levels, thereby inhibiting 
its stimulation of NF-κB activation.(23) IL-37d inhibits 
NLRP3 via the IL-1R8 receptor-mediated pathway.(9,23)
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IL-37 precursor molecules localize in the cytoplasm. 
Some studies show that human blood monocytes stimulated 
with LPS and exogenous ATP mostly secrete precursor IL-
37.(8) To mature, extracellular precursor IL-37 may need the 
activity of myeloid compartment proteases.(8) Moreover, 
the extracellular secretion of the IL-37 precursor does not 
require caspase-1 activity, and it can be secreted upon loss of 
membrane integrity or during cell death. However, the mature 
IL-37 is processed by caspase-1.(8,26) IL‐37 is released via the 
classical ER‐Golgi protein secretion pathway in response to 
LPS stimulation of TLR‐4 on human monocytes.(28,29)

Both the IL-37 precursor and its mature form have 
biological activity, but the mature form binds more stably to 
receptors.(7,30) The caspase-1 cleavage site located on exon 1 
between residues D20 and E21 generates an N terminus exactly 
nine amino acids upstream from the IL-1 family consensus 
sequence (A-X-D) to optimal folding of the beta-fold barrel 
structure for receptor binding of IL-1 family cytokines.(26) For 
example, IL-37b with the N-terminus at valine 46 is more 
active than the IL-37b precursor.(31,32)

Spontaneous dimerization and levels of IL-37 in normal serum
IL-37 mRNA has a ten-nucleotide A-rich homology 

box located at the 3’-end of exon 4 and may cause IL-37 
instability.(28) However, IL-37b or IL-37c mutants that lack 
exon 5 exhibits significantly higher steady-state mRNA 
levels compared with the slight increase associated with exon 
4-lacking IL-37c mutations. Thus, exon 5 may be more critical 
in limiting IL-37 mRNA stability. Exon instability causes IL-
37 instability.(28)

IL-37 acts via a structural shift from dimeric to monomeric 
form.(33) Studies indicate that the symmetrical head-to-head IL-
37b homodimer is created by subunits, including the β3–β4 
loops and the β-trefoil sheet (β2-β3-β11).(10) IL-37 dimers can 
form the mature protein or from the precursor.(27) However, 
spontaneous IL-37 dimerization may cause a loss of biological 
function. When IL-37 levels are low, IL-37 dimers can 

dissociate into monomers. Thus, IL-37 homodimerization may 
be a mechanism for regulating IL-37 function.(27) Additionally, 
the function of IL-37 monomers increases with rising IL-37 
levels.

The reference range for circulating IL-37 levels in 
healthy individuals has not been determined.(34) Its serum 
levels have not been found to vary significantly with gender 
and age.(35,36) However, the serum levels of IL-37 are higher in 
systemic lupus erythematosus patients of Asian ancestry when 
compared with patients of other ethnicities, and IL-37 levels 
(mean of weighted means) are also higher in the Chinese 
population than in non-Chinese populations.(36,37)

Functional and Regulatory Pathways of IL-37
IL-37 regulates inflammation by inhibiting IL-18 functions

IL-37 has two conserved amino acid residues (Glu-35 
and Lys-124) that are structurally similar to the two conserved 
residues of IL-18 (Glu-35 and Lys-89),(38,39) indicating that IL-
37 and IL-18 may have the same receptors (IL-18BP or IL-
18Rα).  IL-18 can play the proinflammatory activity by binding 
the complex IL-18Rα/IL-18Rβ, myeloid differentiation factor 
88 (MyD88) combines with the TIR domain of the IL-18R 
chain to activate the proinflammatory signal.(8,38) The Tightness 
of binding between IL-37 and IL-18Rα is one-fiftieth as close 
as that of IL-18 and IL-18Rα.(27) Thus, IL-37 cannot affect IL-18 
by combining with IL-18Rα. However, IL-37 can bind to IL-
18Rα to form a complex with IL-18BP, a natural antagonist of 
IL-18. IL-37b can bind to IL-18BP to form a complex with IL-
18Rβ, which can reduce the formation of IL-18Rα/β complex 
and thus inhibit the signal transduction pathway of IL-18.(14) 

On the surface of peripheral blood mononuclear cells 
(PBMCs), the IL-37/IL-18Rα/IL-1R8 complex binds to 
MyD88 to block inflammation, which triggers multiple 
switches, including inhibiting the MAPKs, JNK, and NF-κB 
signaling pathways, activating the Mer-PTEN-DOK pathway 
and the pseudo-starvation effects of the mTOR pathway, 
inhibiting TAK1 and Fyn pathways, activating STAT3, Mer, 
and PTEN, and inducing p62 (dok) expression(8,40) (Figure 3).  
IL-1R8, also known as TIR8 or SIGIRR, acts as a negative 
regulator dampening ILR and TLR signaling and as a co-
receptor for human IL-37. Inactivated IL-1R8 prevents MyD88 
recruitment and then impacts the effect of IL-37, suggesting 
that IL-1R8 is the key for the IL-18Rα /IL-37 complex to 
play biological effects.(41) Being an orphan receptor, IL-1R8 
also inhibits IL-1 and toll-like receptor (TLR)-dependent 
inflammation. IL-37 diminishes various inflammatory 
responses through ligation to its receptor IL-1R8/Sigirr. IL-37 
induces Sigirr degradation in the ubiquitin-proteasome system 
through site-specific ubiquitination, which can be reversed 
by a deubiquitinase, USP13.(42) IL-37 activates glycogen 
synthesis kinase 3β (GSK3β), which plays a role in feedback 
control of IL-1R8/Sigirr abundance.(43) Besides, the activation 
of GSK3b promotes Sigirr phosphorylation, ubiquitination, 
internalization, and degradation by disrupting Sigirr association 
with USP13.(43) Thereby, IL-37 downregulates IL-1R8 
expression by disturbing the internation USP13 with IL-1R8 
and by promoting IL-1R8 phosphorylation (Figure 4). 

Fig. 2. The maturation process of IL-37.

The carboxyl domain of IL-37 binds to Smad3, leading to 
Smad3 phosphorylation and the translocation of the IL-37/
Smad3 complex into the nucleus, where IL-37 matures and 
exerts biological activity.(1) Caspase-1 is required for this 
process.(22,27) The intracellular IL-37 precursor exits the cell 
through loss of membrane integrity or frank cell death.(8)
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Under physiological conditions, the concentration of 
plasma IL-18BP is ~20 times higher than that of IL-18, which 
prevents IL-18 from binding to its cellular receptor.(44,45) This 
effect also inhibits IL-18-induced IFNγ expression, indicating 
that IL-18BP has an anti-inflammatory function.(8) However, 
the anti-inflammatory properties of IL-18BP are lost at high 

IL-18BP concentrations, but the mechanism involved needs 
further investigation. The ternary complex, IL-37/IL-18Rβ/IL-
18BP competes with IL-18 for IL-18Rβ, which inhibits IL-18 
function. This complex also competes with IL-18 for IL-18BP.(21) 
It has been shown that IL-37 enhances the ability of IL-18BP to 
inhibit IL-18, but this requires further investigation.(28) Moreover, 
the IL-37/IL-18Rα/IL-18BP ternary complex inhibits immune 
responses and exerts anti-inflammatory effects by repressing the 
expression of IFN-γ and TLR signaling extracellularly.(21)

IL-18 mediates IFN-γ-induced Th1 responses and 
activates NK cell cytotoxic activity, the production of adhesion 
molecules, the synthesis of nitric oxide synthase, and the 
production of chemokines. IL-18 also drives Th2 responses and 
the expression of IL-13 and IL-4 (46,47) (Figures 5 and 6). IL-18 
promotes the synthesis of pro-inflammatory Th1 cytokines, 
including IFN-γ and GM-CSF, and concurrently suppresses the 
production of the anti-inflammatory cytokine IL-10. Thus, IL-37 
impacts IL-18 and then influences the above processes.

Fig. 3. IL-37 pathways.
Smad3 is a transcriptional regulator of the TGF-β 
pathway and plays an important role in IL-37 activity, 
which translocates into the nucleus. Upon caspase-1-
mediated cleavage, IL-37 suppresses the expression 
of proinflammatory cytokines and the recruitment of 
neutrophils into the lungs by inhibiting the activity of 
the NLRP3 inflammasome.(5) IL-37 also inhibits kinases 
in the MAPK and NF-KB pathways and activates the 
anti-inflammatory factors, STAT3, and Mer. IL-37 also 
inhibits mTOR and activates AMPK.(41) On the surface 
of peripheral blood mononuclear cells (PBMCs), the IL-
37/IL-18Rα/IL-1R8 complex binds to MyD88 to block 
inflammation, which triggers multiple switches, including 
inhibiting the MAPKs, JNK, and NF-κB signaling 
pathways, activating the Mer-PTEN-DOK pathway and 
the pseudo-starvation effects of the mTOR pathway, 
inhibiting TAK1 and Fyn pathways, activating STAT3, 
Mer, and PTEN, and inducing p62 (dok) expression.(8,40)

Fig. 4. IL-37-mediated IL-1R8/Sigirr degradation.
IL-37 induces IL-1R8/Sigirr degradation in the ubiquitin-
proteasome system through site-specific ubiquitination, 
which can be reversed by a deubiquitinase, USP13.(42) 

IL-37 activates glycogen synthesis kinase 3β (GSK3β), 
which plays a role in feedback control of IL-1R8/Sigirr 
abundance.(43) The activation of GSK3b promotes Sigirr 
phosphorylation, ubiquitination, internalization, and 
degradation by disrupting Sigirr association with USP13.

Fig. 5. Functional and Regulatory Pathways of IL-37.
IL-37 inhibits IL-18 activity and downregulates IL-18-mediated 
expression of pro-inflammatory factors, the development of 
IFN-γ-associated Th1 responses, the activation of NK cell 
cytotoxic activity, the production of adhesion molecules, the 
synthesis of nitric oxide synthase, chemokine production, 
as well as Th2 responses and the expression of IL-13 and 
IL-4.(47,48) Possible role of IL-37 in modulating the immune 
response of Tregs and function of DCs.(7) IL-37 promotes 
macrophage polarization toward the M2 subtype and inhibits 
macrophage transmigration, apoptosis, and proliferation.(56)

Fig. 6. IL-37 signaling via IL-18.
Excessive IL-18 levels are reduced by IL-18BP,(45) which 
blocks the binding of IL-18 to its cell receptor.(44,46) The IL-
37/IL-18BP/IL-18Rβ complex may compete with IL-18Rβ, 
thereby inhibiting the function of IL-18. IL-18 triggers IFN-
γ-associated Th1 response, the activation of NK cell cytotoxic 
activity, the production of adhesion molecules, the synthesis 
of nitric oxide synthase, chemokine production, as well as 
Th2 responses and the expression of IL-13 and IL-4.(47,48)
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IL-37 interacts with Smad3 to influence gene expression
The binding of IL-37 to Smad3 is mediated by IL-37’s 

carboxyl domain. The resulting complex then translocates to 
the nucleus upon Smad3 phosphorylation (Figure 2), where it 
regulates gene expression. IL-37 interacts with phosphorylated 
and non-phosphorylated Smads to regulate some key enzymes 
and signaling pathways, including focal adhesion kinase, 
proline-rich tyrosine kinase (Pyk2), MAP kinase p38α, signal 
transducer and activator of transcription (STAT), p53, and 
mTOR signaling(48) (Figure 3).

IL-37/Smad3 complexes also compete with Smad2/3/4 
complexes. Smad2 and Smad4 may function in the nucleus by 
competing with IL-37 and reducing the phosphorylation of the 
IL-37/Smad3 complex, although the mechanism is unclear.(9)

Sources of IL-37 and ManLAM-induced IL-37 production
IL-37 is mainly secreted by macrophages. IL-37 can also 

be expressed in monocytes, activated B cells, plasma cells, 
CD4+Treg, dendritic cells, keratinocytes, renal tubular epithelial 
cells, synovial cells, tonsil B cells, gastrointestinal epithelial 
cells, carcinoma cells, testis, thymus, uterus, both in the nucleus 
and the cytoplasm.(7,49) Besides, some cells can secrete the IL-37 
during the stimulation by LPS. Dendritic cells (DCs) can also 
secrete the IL-37 under no stimulated conditions.(8)

Mannose-capped lipoarabinomannan (ManLAM), the 
virulence factor of Mycobacterium tuberculosis (Mtb),(50) 
elevates IL-10 production by DCs while suppressing their 
production of IL-12. It also stimulates the phosphorylation 
of extracellular signal-regulated kinase 1/2 (ERK1/2) and 
p38 in A549 cells and cell surface TLR2 expression. The 
phosphorylation of ERK1/2 and p38MAPK in the type Ⅱ 
alveolar epithelial cell line, A549, induces IL-37 expression.(26) 
Several TLR2 and TLR4 ligands also induce IL-37 expression.
(51) Impairing TLR2 expression markedly suppresses the 
phosphorylation of ERK1/2 and p38, and ManLAM-induced 
IL-37 expression. However, impairing TLR4 function did not 
affect IL-37 expression.(51) The interaction of LPS-activated 
TLR4 and its intracellular adaptor on the cell surface induces 
NF-κB-mediated transcriptional expression of proinflammatory 
genes. TLRs and proinflammatory factors also enhance IL-37 
expression(22) (Figure 7). 

Moreover, IL-37 levels are reported to rise upon treatment 
of relapsed TB, severe TB, and drug-resistant TB. In sputum 
smear (Mtb)+ patients, IL-37 levels fall after short-term anti-TB 
chemotherapy.(52) In vitro, TB-sensitive monocytes continuously 
produce IL-37b without antigen stimulation.(52)

IL-37 and Vascular Regeneration
Granuloma-associated angiogenesis may influence the 

occurrence, progression, and prognosis of diseases. IL-37 is 
a novel proangiogenic factor that promotes endothelial cell 
(EC) proliferation, migration, and capillary formation in 
vitro, as well as vessel sprouting from aortic rings ex vivo.(53) 
Hypoxia, which influences vascular regeneration, upregulates 
IL-37 expression; the IL-37 upregulation is suppressed 
by HIF-1α downregulation.(53) IL-37 also stimulates the 
activation of ERK1/2 and protein kinase B (AKT), which is 
critical for endothelial activation and viability.(54) Additionally, 
IL-37 promotes angiogenesis by modulating inflammatory 
responses(53) (Figure 8). 

However, other studies have suggested that the effect 
of IL-37 on blood vessels is dose-dependent. The dose-
dependent proangiogenic effect of IL-37 might be because 
the impact of many angiogenic factors is biphasic. For 
example, at optimal concentration, PAI-1 has proangiogenic 
functions, but at high concentration, it has antiangiogenic 
activity. At low concentrations, IL-8 enhances the chemotaxis 
and proliferation of ECs, but its effects are diminished at 
high concentrations. IL-18Rα and IL-1R8 play a reserve 
role in angiogenesis in different concentrations.(53) IP-10 and 
thrombospondin suppress angiogenesis at low concentrations 
but at high concentrations, they induce EC chemotaxis.(53)

IL-37 and macrophage polarization 
IL-37 is reported to inhibit macrophage transmigration, 

apoptosis, and proliferation. It enhances the expression of 
THP1-derived macrophages with a higher CD206+ and lower 
CD86+, which are markers of M2 macrophages. IL-37 also 
upregulates the mRNA levels of arginase-1, TGF-β, and IL-
10. Besides, IL-37 suppresses the expression of CD 86, IL-
1β, iNOs, and IL-12, which are markers of M1 macrophages. 
Because M2 macrophages enhance phagocytosis, IL-37-
induced macrophage polarization drives phagocytosis.(55)

Fig. 7. ManLAM and TLR4 enhance the expression of IL-37.
Mannose-capped lipoarabinomannan (ManLAM) 
stimulates the phosphorylation of ERK1/2 and p38 
(A549 cells) and induces TLR2 expression, which can 
induce IL-37 expression. Several toll-like receptor 
(TLR) ligands also induce IL-37 expression. The LPS-
activated TLR4 stimulates NF-κB signaling, thereby 
driving the expression of pro-inflammatory genes. TLRs 
and proinflammatory factors enhance IL-37 production.(5)

Fig. 8. IL-37 and vascular regeneration.
IL-37 upregulates vascular regeneration, but its 
effects can be inhibited by the downregulation of 
HIF-1α expression. IL-37 stimulates the activation of 
ERK1/2 and AKT, which are critical for endothelial 
activation and viability.(53) In addition, IL-37 promotes 
angiogenesis by modulating inflammatory responses.
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The inactive Mtb strain, H37Rv (iH37Rv), polarizes 
macrophages into the M1 subtype and increases the expression 
of CD86, iNOs, IL-12, and IL-1β, while reducing the levels of 
CD206, TGF-β, and IL-10. SiRNA-mediated IL-37 silencing 
enhanced this polarizing phenomenon. However, exogenous 
IL-37 has the opposite effect of polarizing macrophages toward 
the M2 subtype.(55) Although some studies have shown that 
endogenous lL-37 increases nitric oxide levels, exogenous IL-
37 has the opposite effect.(55)

The role of IL-37 in the regulation of autophagy
IL-37 inhibits mTOR signaling and activates the AMPK 

pathway (Figure 3), triggering pseudo-starvation, the main 
autophagy regulation mechanism. Autophagy is thought 
to be critical for the delivery of bacteria to the lysosome 
for degradation, which limits the survival of intracellular 
bacteria. Other autophagy functions include promoting antigen 
presentation and reducing inflammation by sequestering 
and processing microbial components.(56,57) IL-37 influences 
antifibrotic activity associated with autophagy activation in 
fibrotic lungs.(58)

IL-37 modulates the expression of chemokines and cytokines
Some proinflammatory cytokines may promote the 

expression of IL 37, which may inhibit the overproduction 
of proinflammatory cytokines through negative feedback. In 
addition, IL-12, IL-32, and granulocyte-macrophage colony-
stimulating factor (GM-CSF) suppress IL-37 production,(7) 
probably because GM-CSF and IL-4 stimulate the differentiation 
of monocytes to dendritic cells. In human immune cells, 
monocytes, DCs, and T cells may account for 81%–91%, 1%–
2%, and 6%–8% of secreted IL-37.(8) So, GM-CSF and IL-4 
suppresses monocyte-induced IL-37 levels.(22)

IL-37 inhibits the production of inflammatory factors, 
including IL-1α, IL-1β, IL-1Rα, IL-6, IL-17, IL-8, IL-23, 
TNF-α, IFN-γ, IL 4, IL-13, IL-3, IL-14, as well as cytokines 
IL-13, IL-10, and I-309, and the chemokines CXCL-2, CCL12, 
CXCL13, M-GSF, GM-CSF, IACM-1, NLRP3, MIP-2/
CXCLE, MCP-5/CCL12, and BDCA-1/CXCL13, but elevates 
TNF-β and NO levels.(7,8,21,59,60)

IL-37 and various signal pathway 
IL-37 suppresses immune responses by regulating the 

MertK-dependent pathway in monosodium urate crystals-
stimulated THP-1 cells. IL-37 stimulates the AMPK pathway 
to counterbalance inflammation in THP-1 cells. Eosinophils, 
smooth muscle cells, and epithelial cells secrete VEGF, which is 
inhibited by IL-37.(61) IL-37 can also inhibit the Warburg effect by 
activating MAPK signaling and inhibiting the mTOR pathway.(8)

IL-37 exerts immunosuppressive effects by inhibiting 
the activation of the NOD-like receptor family pyrin domain-
containing 3 (NLRP3) inflammasome, which is a critical factor 
in various inflammatory signaling pathways.(62) By inhibiting 
the activity of the NLRP3 inflammasome, IL-37 suppresses the 
production of proinflammatory cytokines and the recruitment of 
neutrophils into the lungs.(63)

IL-37 affects T-cell balance. DCs from IL-37 transgenic 
mice exhibit a reduced ability to activate native T cells and 

antigen-specific T cells and an enhanced ability to cause 
Treg cell polarization. Thus, IL-37 affects T-cell balance and, 
therefore, attenuates T-cell-mediated inflammation.(7,64)

Conclusion
IL-37, through interaction with various receptors, inhibits 

the production of proinflammatory cytokines, promotes the 
proliferation and differentiation of macrophages, and regulates 
autophagy and vascular regeneration. A better understanding 
of the functions of IL-37 may uncover intervention strategies 
for various diseases.
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Abstract
Obesity has reached alarming proportions worldwide, requiring close attention and comprehensive knowledge about its 

health consequences. Obesity today affects people of all ages and socioeconomic levels. This narrative review is devoted to the 
multifaceted impacts of obesity on pulmonary function and muscle strength. Obesity, characterized by excessive fat accumulation, 
induces complex physiological changes, transforming adipose tissue into a metabolically dynamic organ. The multifarious nature 
of obesity causes complicated physiological alterations that affect the whole body. Besides its well-known impacts on metabolic 
health, obesity, particularly abdominal obesity, challenges the respiratory system mechanically. This review navigates through 
the mechanical challenges that obesity poses to pulmonary function, elucidating how excess adipose tissue in the abdominal 
region compromises lung expansion and increases the workload on respiratory muscles. Simultaneously, the review explores the 
dynamic interplay between obesity and muscle strength. Obesity and muscle strength are linked by metabolic dysfunction, muscle 
composition changes, and lifestyle variables. Clinical implications of obesity extend beyond metabolic consequences, emphasizing 
impaired pulmonary function and diminished muscle strength as crucial determinants of clinical outcomes. A multidisciplinary 
approach involving collaboration among healthcare professionals is advocated, addressing the physiological and psychological 
factors contributing to obesity.(International Journal of Biomedicine. 2024;14(2):217-226.)
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Introduction
Obesity is a metabolic state generated by the expansion 

of adipose tissue resulting from a complex interaction of 
hereditary, environmental, and behavioral variables.(1) The 
primary cause of obesity is an imbalance between energy 
intake and expenditure, disrupting energy homeostasis and 
resulting in initial fat accumulation in adipose tissue and 
subsequent accumulation in other tissues.

Obesity has reached worrisome proportions globally 
due to lifestyle and nutritional changes, requiring careful 
attention and a comprehensive knowledge of its health 
effects. Around 800 million people worldwide are living with 
obesity, according to statistics from 2016. WHO (2) estimates 
that by 2025, approximately 167 million more people will 
become less healthy because they are overweight or obese.
This frequency crosses socioeconomic borders, impacting 
people in industrialized and underdeveloped countries. 
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The obesogenic environment, with the easy availability of 
high-calorie meals and a sedentary lifestyle, leads to rising 
obesity rates. Obesity contributes to the development of type 
2 diabetes, cardiovascular disease, liver dysfunction, and 
cancer, which collectively account for over 70% of premature 
deaths worldwide.(3-7) This highlights the critical need for 
comprehensive initiatives that address lifestyle choices and 
social and environmental variables affecting obesity. 

Body mass index (BMI) is one of the ways to measure 
obesity in the population.(8-10) Obesity is linked not only to 
an increased BMI and body weight but also affects multiple 
physiological systems, causing complex alterations beyond 
adipose tissue.(11) Obesity involves a complex interaction 
of metabolic, hormonal, and inflammatory variables that 
disrupt the body beyond outward indicators of obesity and 
cause a variety of health issues.(12) Global obesity is a major 
public health issue. Obesity today affects people of all ages 
and socioeconomic levels. The WHO considers obesity a 
major risk factor for a variety of chronic illnesses, including 
cardiovascular disease, metabolic disorders, and cancer.(13) This 
change in viewpoint emphasizes the need for a comprehensive 
strategy to treat obesity’s complex health concerns beyond its 
evident physical effects.(8,11)

This review aims to assess the complex interactions in 
obesity and, in particular, the impact of obesity on pulmonary 
function and muscle strength.

Some Physiological Changes in Obesity
Adipose tissue  is an endocrine organ that not only 

stores lipids but also secretes various biologically active 
substances, such as cytokines, adipokines, chemokines, 
and hormonal factors, that regulate metabolic processes 
in the organism and affect inflammation and endocrine 
functions.(14,15) Adipokines are involved in many functions 
and processes, including modulation of energy and appetite, 
lipid and glucose metabolism, insulin sensitivity, endothelial 
cell function, inflammation, blood pressure, the development 
of metabolic syndrome, and atherosclerosis.(16,17) Visfatin, a 
recently discovered adipokine, has been positively correlated 
with the accumulation of adipose tissue. Visfatin has pro-
oxidant and pro-inflammatory activity and is elevated in obese 
individuals. Chemerin, highly expressed in white adipose, 
is involved in inflammation, angiogenesis, adipogenesis, 
energy metabolism, and oxidative stress.(16) Chemerin is best 
characterized as a chemoattractant for dendritic cells and 
macrophages. Most studies report increased chemerin levels 
with increased body weight.

Obesity is associated with the activation of pro-
inflammatory adipokines and the development of chronic 
low-grade inflammation.(18,19) One of the best-known pro-
inflammatory adipokines is leptin. Leptin, a hormone 
synthesized mainly in adipocytes, provides central 
weight control and appetite regulation. Obesity-induced 
hyperleptinemia stimulates the production of pro-inflammatory 
cytokines such as TNF-α, IL-6, IL-2, IL-1β, and IFN-γ by 
monocytes and T-helper 1 and also inhibits the production of 
the anti-inflammatory cytokine IL-4.(20,21) Studies have also 

shown that leptin increases serum levels of C-reactive protein. 

The abnormal expression of TNF-α in adipose tissue plays a 
critical role in peripheral insulin resistance in obesity. It has 
been demonstrated as a marker of insulin resistance.(22) 

Inflammation contributes to the development of leptin 
resistance. Leptin resistance reduces leptin’s ability to send 
satiety signals to the brain, causing overeating and weight 
gain.(23) In contrast to leptin, adiponectin, which is secreted 
by differentiated adipocytes, has anti-inflammatory and anti-
atherogenic effects. In obesity, adiponectin, a key adipokine 
for insulin sensitivity and glucose control, paradoxically 
decreases,(24,25) causing metabolic events such as impaired 
glucose absorption and a higher risk of type 2 diabetes.(24) The 
complex hormonal and inflammatory environment of obesity's 
adipose tissue shows its dynamic character.(24,25)

Various biologically active substances secreted by 
adipose tissue, including adipokines, cytokines, chemokines, 
excess lipids, and toxic lipid metabolites, promote insulin 
resistance, an impaired biologic response of target tissues to 
insulin stimulation. Abdominal obesity and insulin resistance, 
along with hypertension and dyslipidemia, are key components 
of metabolic syndrome,(26) which contributes to endothelial 
dysfunction, platelet hyperactivity, oxidative stress, and 
low-grade inflammation, resulting in the development of 
cardiovascular disease. 

Dyslipidemia (elevated levels of triglycerides and low-
density lipoprotein cholesterol), low-grade inflammation, and 
metabolic dysregulation associated with obesity contribute 
to the development of atherosclerosis and cardiovascular 
complications.(27,28) 

In obesity, the total blood volume increases due to 
adipose tissue excess, leading to increased stroke volume and 
cardiac output.(29) Increasing cardiac output in obese patients 
is intended to meet the metabolic demands of excess adipose 
tissue. The left ventricle (LV) dilates to accommodate the 
increased venous return and becomes hypertrophied. The 
left atrium also dilates due to increased circulating blood 
volume and elevated LV diastolic filling pressure. A dilated 
left atrium and increased LV filling pressure increase the risk 
of heart failure and atrial fibrillation. Changes in myocardial 
structure due to infiltration of adipose tissue predispose to 
conduction abnormalities and ventricular arrhythmias,(30,31) 
worsening heart failure. The long-term cardiovascular 
effects of metabolic dysfunction in obesity necessitate a 
comprehensive strategy.

Obesity and Pulmonary Function 
Besides its well-known impacts on metabolic health, 

obesity, particularly abdominal obesity, challenges the 
respiratory system mechanically. Excess body fat, or obesity, 
affects pulmonary function via several routes.(32) Obesity limits 
lung expansion mechanically. Excess chest and abdominal fat 
restrict the diaphragm's fall during inhalation, reducing lung 
expansion. Obesity alters the breathing pattern, resulting in a 
substantial reduction in both the expiratory reserve volume and 
the resting volume of the lung, known as the functional residual 
capacity (FRC).(33) The reduction in FRC is proportional to the 
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severity of obesity – overweight, mildly obese and severely 
obese subjects without asthma demonstrate reductions in FRC 
of up to 10%, 22% and 33%, respectively.(34) 

The lowering in FVC and FEV1 impedes gas exchange. 
Weight also strains respiratory muscles, making them work 
harder to overcome resistance.(35) This increased effort may 
cause tiredness and respiratory muscle weakness. Obesity 
is linked to chronic inflammation beyond mechanical 
consequences.(25,36) Inflammatory mediators released by 
adipose tissue in obesity may affect airway anatomy and 
function.(37) This inflammatory milieu may cause respiratory 
disorders, including asthma and chronic obstructive 
pulmonary disease (COPD). Leptin resistance and other 
hormonal variables significantly influence the complex 
interaction between obesity and pulmonary function. Adipose 
tissue produces leptin, which regulates hunger and energy. 
Obesity may cause leptin resistance.(38) Leptin resistance 
may upregulate the generation of reactive oxygen species, 
increasing oxidative stress and promoting inflammation in 
airways and lung parenchyma.(39)

Obstructive sleep apnea (OSA), strongly associated with 
obesity, especially central obesity, complicates matters. Obesity, 
especially around the neck and throat, narrows or collapses the 
upper airway, obstructing sleep. Obstructive sleep apnea causes 
disrupted sleep patterns, periodic hypoxia and hypercapnia, 
straining the respiratory system. The cyclical nature of OSA, 
with periods of slowed or stopped breathing followed by 
sudden awakenings, makes it harder for obese people to 
maintain adequate respiratory function. Disrupted sleep habits 
may increase weight gain, affecting hormone balance and 
hunger, causing daily weariness and impairment of cognitive 
performance.(40)

Obesity-related neuromuscular, mechanical, and 
metabolic factors may cause obesity hypoventilation 
syndrome (OHS), (41,42) also known as Pickwickian syndrome.
Obesity hypoventilation syndrome is defined as the presence 
of awake alveolar hypoventilation characterized by daytime 
hypercapnia, which is thought to be a consequence of 
diminished ventilatory drive and capacity related to 
obesity. Obesity hypoventilation syndrome results from the 
mechanical load on the respiratory pump, leading to low tidal 
volumes and blunting of the chemoreflex to CO2, leading to 
inappropriate central respiratory effort in individuals with 
obesity. The hypercapnia of OHS may be augmented by 
leptin resistance. Individuals with OHS have a greater degree 
of central obesity reflected by larger neck circumferences 
and higher waist-to-hip ratios than those with eucapnic 
obesity or OSA, which explains the lower lung volumes seen 
in such individuals.(43) Individuals with OHS are exposed 
to prolonged periods of daytime and nocturnal hypoxia and 
are consequently at higher risk for pulmonary hypertension 
and cor pulmonale.(44-47) Obesity hypoventilation syndrome 
is more common in women than men and postmenopausal 
women with OSA have a higher prevalence of OHS due to 
hormonal influences.

Due to lower lung function, obese people may also be 
more susceptible to respiratory infections. Obesity's impaired 
mucus clearance and immune response promote respiratory 

diseases, including pneumonia and bronchitis. Airway 
hyperresponsiveness, a hallmark of asthma, is linked to obesity. 
Due to airway sensitivity, obese people may acquire or worsen 
asthma. Asthma is one of the best-characterized diseases related 
to obesity. A meta-analysis involving over 300,000 adults 
found obesity and asthma were related, and the risk of asthma 
increased with increasing BMI.(48) Excess weight weakens the 
respiratory muscles, reducing airflow, especially when the 
respiratory load is high.

Thus, respiratory dysfunctions observed in patients with 
obesity are characterized by impaired breathing mechanics, 
decreased respiratory system compliance, increased small 
airway resistance, and alterations in both breathing patterns and 
respiratory drive. (49-52)

Pulmonary Function Assessment 
The multimodal evaluation of pulmonary function 

in obese people provides useful insights into the complex 
relationship between obesity and respiratory health. FVC 
and FEV1 readings in pulmonary function tests frequently 
suggest a restrictive pattern, indicating decreased lung 
capacity. Body fat distribution patterns have a stronger 
relationship with lung function than weight or BMI.(53,54) A 
large population-based study of 121,965 people found that 
abdominal obesity predicted FEV1 and FVC independent 
of BMI.(53) Changing pulmonary function due to obesity is 
not limited to volume changes. Respiratory mechanics are 
also impacted, with greater breathing effort and decreased 
respiratory muscle efficiency. This is essential because 
it shows that obesity and respiratory health are dynamic 
beyond volume measures.(35)

Some studies showed that measuring respiratory 
system impedance may be a more sensitive measure of lung 
dysfunction related to obesity than spirometry.(55-57) Whole-
body plethysmography, impulse oscillometry, or the forced 
oscillation technique can also be used to assess the mechanical 
properties of the airways in obese individuals. Respiratory 
muscle strength can be assessed by measuring maximal 
inspiratory pressure (MIP) and maximal expiratory pressure 
(MEP). In obese individuals, both MIP and MEP may be 
reduced.

Obesity also affects gas exchange. Ventilation-perfusion 
mismatch and poor diffusion capacity are common, stressing 
the necessity for a complete respiratory examination. 
Comprehensive examinations are important for identifying 
obesity's increased risk of respiratory disorders, such as 
hypoventilation syndromes and OSA.(58)

Obesity-related changes in pulmonary function vary 
by person. Body fat distribution, obesity duration, and 
comorbidities affect pulmonary function measures. Thus, 
obesity-related pulmonary function testing must be nuanced 
and customized for correct diagnosis, risk classification, and 
focused therapy.(59) A complete study of pulmonary function in 
obese persons gives a full understanding of the complicated 
link between excess body weight and respiratory health, 
enabling informed clinical decision-making and individualized 
therapy methods.
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Obesity and Muscle Strength
Obesity and muscle strength are interconnected health 

factors. Body mass index, which incorporates weight and 
height, measures obesity as excessive body fat. In contrast, 
muscle strength encompasses muscle size, composition, and 
neuromuscular efficiency, determining force production.(60)

Obesity affects muscle mass, which is vital to body 
composition and health. Sarcopenia and excessive body 
fat commonly occur with obesity. The rise in body fat and 
decrease in lean muscle mass are combined issues. Strength 
depends on muscle mass. In obesity, extra body fat may 
hide muscle atrophy, making it harder to diagnose and treat. 
The role of adipose tissue in maintaining muscle mass and 
function has been well studied. Adipose tissue is an active 
endocrine organ that produces signaling chemicals that may 
cause inflammation. This inflammatory milieu may further 
catabolize muscle tissue, disrupting muscle protein production 
and breakdown.(61) Chronic, low-grade inflammation, often 
found in obesity, reduces muscle strength, impairs physical 
function, and can cause sarcopenia. Insulin resistance in 
obesity can affect the ability of muscle cells to use glucose 
for energy, affecting strength and function. Obesity-related 
inflammation can affect neuromuscular connections, leading 
to decreased coordinated contractility.(61,62)

The relationship between fat and muscle strength grows 
increasingly complex with age. Muscle mass and muscle 
strength naturally drop with age. Marcus et al. reported that 
intramuscular adipose tissue was inversely related to physical 
performance in older adults.(63) Moreover, aging results in 
a shift towards a higher proportion of type I muscle fibers, 
muscle fiber atrophy, especially in type II fibers,(64) and 
changes in muscle structure (i.e., pennation angle, and fascicle 
length).(65)

Sarcopenia, age-related muscle loss and function, is 
aggravated by hormonal changes, reduced physical activity, 
and nutrition metabolism changes. Obesity rises with age. 
Obesity and age together threaten muscular health. Sarcopenic 
obesity, when muscle loss and body fat increase with age, 
exacerbates this.(61) Chronic inflammation accelerates 
muscle deterioration in obese older adults. Aging and fat 
cause inflammation, which might make muscle tissue more 
vulnerable. Chronic inflammation increases muscle atrophy 
and age-related illnesses, including arthritis and cardiovascular 
disease, reducing mobility and functioning. The reduction in 
muscle mass and muscle strength caused by aging and obesity 
affects older persons' functional independence and quality of 
life. Muscle weakness may cause falls, fragility, and difficulty 
with regular tasks. 

Obesity affects the musculoskeletal system beyond 
muscle strength. The skeletal system, including joints, 
carries the body's weight, and excessive load may damage 
joint function and health, especially knees and hips.(66) This 
increased strain may accelerate joint cartilage wear and tear, 
contributing to degenerative disorders and osteoarthritis.(67,68) 
The production of several pro-inflammatory cytokines during 
obesity contributes to joint tissue destruction.

Maintaining older physical strength is essential for 

mobility, independence, and well-being. To address the 
difficulties of aging and obesity, a personalized strategy is 
necessary. Interventions should include lifestyle changes, 
physical exercise, and nutritional choices to address the 
relationship between obesity and muscle strength. A balanced 
diet is essential for weight control. Regular aerobic and 
resistance training are needed to maintain muscle mass and 
muscle strength. Resistance exercise reduces age-related 
muscle loss and boosts strength.(69,70) Weight reduction should 
be gradual and sustained to minimize muscle loss.(71,72)

Muscle Strength Assessment
Examining muscle strength in obesity reveals a complex 

picture beyond weight control. Excess weight severely 
impacts musculoskeletal health, affecting muscle function 
and performance. Understanding the complex relationship 
between obesity and musculoskeletal function requires 
comprehensive muscle strength evaluation in obese people. 
Research consistently links obesity to decreased muscle 
strength in both proximal and distal muscle groups. Increased 
mechanical strain on weight-bearing joints, changed muscle 
composition, and extra adipose tissue-related inflammation 
contribute to this strength loss. These variables reduce 
muscular force production and endurance, affecting everyday 
functioning and quality of life.(61,62)

Isometric and isokinetic tests measure obesity-related 
muscular strength. Detailed strength analysis across joint 
motions reveals damaged muscle areas using these data. The 
assessment of arms, shoulders, and lower extremity strength is 
particularly relevant.

In two British cohort studies, grip strength was positively 
associated with BMI, while it was negatively associated with 
central obesity measured using waist circumference.(73,74) 
Some studies reported a relationship between muscle/grip 
strength with blood lipid profile.(75,76,77)

 Systematically testing muscle strength helps uncover 
weakening patterns and comprehend functional consequences 
for everyday life and mobility.(59) Sedentary behavior worsens 
muscular weakness, fat and musculoskeletal health are linked. 
A complete health plan must include measures to preserve and 
improve muscle strength in obese people.

Interaction between Pulmonary Function 
and Muscle Strength

The relationship between pulmonary function and 
muscle strength is complicated, especially in obesity. Multiple 
factors, including mechanical, inflammatory, metabolic, and 
lifestyle variables, may affect this relationship in obesity. (35,66) 

As obesity increases, the function of the respiratory muscles 
may be impaired due to stress on the diaphragm. Respiratory 
muscle dysfunction may be partially explained by increased 
resistance caused by the presence of excess fatty tissue on 
the chest and abdomen, which leads to mechanical damage to 
these muscles.(78,79)

This increased breathing effort may cause dyspnea 
and weariness, especially during oxygen-intensive tasks. 
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Ventilatory muscle weakness reduces respiratory functions, 
vital capacity, and lung function. Inspiratory and expiratory 
flows may be impeded, affecting lung gas exchange. Reduced 
carbon dioxide clearance may cause respiratory issues and 
low oxygen saturation.

In addition to mechanical restrictions, obesity 
causes persistent low-grade inflammation that affects the 
respiratory system. This inflammation may damage airways 
and lung tissues, worsening asthma and chronic obstructive 
pulmonary disease. The inflammatory milieu in obesity 
may make the respiratory system more susceptible to 
malfunction, affecting pulmonary function.(37,80) 

Obesity-related metabolic changes impair pulmonary 
function. The body's metabolic and respiratory systems 
are interconnected, highlighting obesity's systemic effects. 
Obesity contributes to difficulty breathing and decreased 
respiratory efficiency due to mechanical, immunological, 
and metabolic effects. Obesity-related muscle strength and 
respiratory alterations impair exercise tolerance. Obesity 
weakens respiratory muscles and muscle strength, making 
prolonged physical activity difficult. A positive feedback 
loop exists between exercise ability and musculoskeletal 
health.(81) Weak muscles and joint tension hinder physical 
activity, deconditioning muscles and reducing exercise 
capacity.  Evaluating metabolic variables and their systemic 
effects on obesity is vital for comprehending the connection 
between the pulmonary and musculoskeletal systems.(82) 
Insulin resistance and persistent low-grade inflammation 
impair the respiratory and musculoskeletal systems. Insulin 
resistance, as a characteristic of obesity, is crucial to metabolic 
variables and musculoskeletal health. With insulin resistance, 
skeletal muscles absorb glucose less, and energy production 
by muscle cells decreases, leading to muscle weakness and 
fatigue. Muscle dysfunction may influence musculoskeletal 
health, mobility, and exercise performance.(83)

Understanding these pulmonary problems and 
functional muscle damage in the setting of obesity is essential 
for creating tailored therapies to improve respiratory health 
and avoid respiratory consequences in obese people.(35)

Non-Pharmacological Therapeutic Modalities 
for Obesity

Comprehensive obesity treatment emphasizes non-
pharmacological therapies. Obesity control relies on lifestyle 
changes, especially nutrition. A balanced, calorie-controlled 
diet rich in nutritious foods, fruits, vegetables, and lean 
meats promotes healthy eating habits. Structured exercise 
regimens, which include aerobic and resistance training, help 
lose weight, maintain muscle mass, and improve metabolic 
health.(84) Thus, lifestyle modification, which generally 
consists of a combination of nutrition, physical activity, 
and behavioral modification, is an oft‐used strategy to help 
patients achieve weight loss and maintenance.(85,86) 

Several studies have investigated the effects of weight 
loss on airway reactivity.(56, 87, 88) Aaron et al.(87) found a trend 
towards reduced airway hyperresponsiveness with weight loss 
following an intense diet-induced weight reduction program in 

obese asthmatics and controls. Several studies have shown that 
ERV increases after weight loss, adopting a calorie-restricted 
diet, or bariatric surgery. Hakala et al. (89) found a considerable 
increase in the ERV of patients whose BMI decreased from 
45 to 39 kg/m2 after adopting a calorie-restricted diet. Weight 
loss also causes changes in other parameters, including 
functional residual capacity, total lung capacity, and gas 
exchange, resulting in increased blood oxygenation.(89) Babb 
et al. showed that even modest reductions in weight, i.e., a 
decrease in BMI from 35 to 33 kg/m2, induce an increase in 
end-expiratory lung volume during submaximal exercise.(90)

Addressing obesity's complex psychosocial 
implications requires behavioral therapies. Cognitive 
behavioral therapy (CBT) for obesity is a treatment modality 
that combines the traditional procedures of standard 
behavioral therapy for obesity with a set of specific cognitive 
strategies and procedures. It is aimed at not only losing 
weight but also preventing weight regain, thereby avoiding 
the dissatisfactory long-term results of earlier behavioral 
treatments.(91,92)  These behavioral techniques are enhanced 
by goal setting, self-monitoring, and stress- and emotion-
management strategies.(93,94) 

Regarding the appropriate threshold, previous 
behavioral weight-loss studies often reported 5% weight loss 
as a clinically significant threshold.(95-98) In a study by Dalle 
Grave,(99)  67 adult patients with obesity (BMI ≥ 30 kg/m2) 
were recruited from consecutive referrals to an Italian National 
Health Service obesity clinic. Each patient was offered 
22 group cognitive behavioral therapy sessions (14 in the 
6-month weight-loss phase and 8 in the subsequent 12-month 
weight-maintenance phase). Weight loss of 11.5% after 6 
months and 9.9% after 18 months of CBT was associated 
with a significant reduction in cardiovascular risk factors, 
anxiety, depression, eating disorder psychopathology, and an 
improvement in obesity-related quality of life.

Technological advances have extended non-
pharmacological obesity treatments. Self-monitoring, goal 
setting, and progress tracking are possible via mobile apps, 
wearables, and internet platforms. This tech-driven strategy 
improves responsibility, gives real-time feedback, and 
empowers diet and exercise choices.(100)

Non-pharmacological therapies need long-term 
maintenance. Long-term success goes beyond weight 
reduction. Relapse prevention, behavioral support, and 
frequent evaluation and revisions of the intervention plan are 
essential for enduring improvements and decreasing obesity-
related comorbidities.(101,102)

Conclusion
This narrative review illuminates the complex links 

between obesity, pulmonary function, and muscle strength. 
The multifarious nature of obesity causes complicated 
physiological alterations that affect the whole body. Excess 
belly fat tissue hinders lung expansion and strains respiratory 
muscles. Obesity and muscle strength are linked by metabolic 
dysfunction, muscle composition changes, and lifestyle 
variables. Obesity has far-reaching health effects, including 
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reduced respiratory functioning and muscle strength. Obesity’s 
loss in pulmonary function and muscle strength highlights 
the necessity for multimodal intervention and therapy. 
This strategy should include doctors, nutritionists, physical 
therapists, and psychologists working together to address the 
behavioral and psychological causes of obesity.
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Abstract
The article outlines a detailed examination of multiple scientific studies investigating how melatonin affects COPD’s 

advancement and growth. The severity of oxidative stress in COPD, a complex disease with multiple factors, is significantly 
reduced by melatonin by activating intracellular antioxidants, as suggested by the data acquired. Considering the available data, 
we can conclude that melatonin has a protective role against oxidative stress in COPD patients in addition to regulating the 
circadian rhythm.(International Journal of Biomedicine. 2024;14(2):227-230.)
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Introduction
Chronic obstructive pulmonary disease (COPD) is 

recognized by the WHO as a leading cause of death worldwide, 
with an estimated 3 million people falling victim to it annually. 
According to Rosstat, COPD accounts for 14.1% of the morbidity 
structure and 26% of the mortality structure. (1-4) By the year 
2060, it is projected that there will be a staggering 5.4 million 
deaths annually from COPD and related illnesses due to the rise 
in smoking rates in low- and middle-income countries and to the 
growing number of elderly patients in high-income nations.

In the pathogenesis of COPD, oxidative stress plays 
a crucial role as it disrupts the delicate equilibrium between 

antioxidants and oxidants. Reactive oxygen species (ROS) 
are generated by electron leakage from the electron transport 
chain within mitochondria, which is a natural occurrence. 
However, a myriad internal and external factors intensify this 
phenomenon.(5)

Mitochondria are key regulators of metabolism, redox 
homeostasis, and cell proliferation. An imbalance in COPD 
has been determined at the level of various tissues: alveolar 
cells, epithelial cells of lung tissue, smooth myocytes of the 
respiratory tract, alveolar macrophages, striated muscles, 
mesenchymal stromal cells, and progenitor cells.(6) 

External factors such as smoking and air pollution, 
and internal factors (ROS released by inflammatory cells, 
especially neutrophils and macrophages), can lead to 
oxidative stress in the lung tissues.(7) Oxidative stress damages 
all structural components of the lungs and leads to irreversible 
changes in the pulmonary parenchyma, respiratory tract, and 
pulmonary vessels.(8)
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The most studied mechanisms of oxidative stress’s 
influence on the body of patients with COPD are excessive 
formation of ROS and reactive nitrogen species and a decrease 
in the activity of enzymes in the antioxidant system. Oxidative 
stress in COPD is one of the factors that support chronic 
inflammation and cellular aging and disrupt autophagy 
by ROS, which leads to decreased DNA repair, increased 
autoimmune reactions, increased mucus production, and a 
weakened anti-inflammatory response.(9)

Patients with COPD showed a significant rise in 
oxidative stress markers, with a notable increase in MAD, a 
decrease in SOD, and a substantial elevation in ROS content. 
This contrasted sharply with the control group, indicating 
a clear imbalance in the antioxidant defense system of 
individuals with this respiratory condition.(10) The development 
of endothelial dysfunction and thromboembolic complications 
is directly linked to the level of fibrinogen in the blood, as has 
been illustrated by the correlation of ROS values.

Activation of autophagy by ROS promotes 
cell adaptation, reducing the circulation of damaged 
macromolecules and dysfunctional cellular organelles. 
Oxidative stress causes changes in signaling pathways, which 
ultimately regulate autophagy. The important role of autophagy 
in the pathogenesis of COPD as a response to oxidative stress 
has been highlighted. Exploring the mechanisms of oxidative 
stress and autophagy in COPD is crucial to pave the way for 
innovative treatment options tailored to combat this illness. 
The focus should be on uncovering novel insights that can 
guide future research in this field.(11)

Autophagy is an important process in which cells 
break down parts of themselves inside. This process supports 
cell survival and homeostasis by removing molecules, 
mainly proteins, damaged organelles, and cytoplasmic 
macromolecules, as well as processing product decay. One 
of the special forms of autophagy is the selective removal or 
degradation of mitochondria. Various forms of cellular stress, 
such as oxidative stress, hypoxia, and pathogenic infections, 
can affect autophagy, causing the formation of free radicals 
and reactive oxygen species, which, in turn, stimulate the 
antioxidant response.(12)

Mast cells are known to play a crucial role in shaping the 
microenvironment of tissues, impacting diverse physiological 
and pathological functions within the organism. By releasing 
tryptase and/or chymase, mast cells actively modulate 
inflammatory processes, promote the formation of new blood 
vessels, cause allergic reactions, and influence cancer-related 
activities. Research using laboratory cell cultures and living 
organisms has highlighted the vital role of reactive oxygen 
intermediates in controlling the release of mast cell granules.(13)

It was found that hospitalized patients with COPD 
showed increased levels of MDA, protein products of increased 
oxidation, and total oxidative status. At the same time, SOD 
activity was significantly lower both during hospitalization 
and at discharge.(14)

As the condition of patients suffering from COPD 
worsened, a decrease in the level of catalase (CAT) and 
glutathione (GLT) activity and an increase in the level of 
MDA was noted.(15) The Tiffeneau index (FEV1/FVC) in 

patients is positively correlated with the activity of CAT and 
SOD and negatively with the level of MAD, which confirms 
the presence of an oxidant-antioxidant imbalance in COPD 
patients and emphasizes the importance of glutathione 
peroxidase in maintaining lung function.

During the various stages of COPD progression, a 
notable variance in the indicators of oxidative stress has been 
was observed. In patients with mild to moderate COPD, the 
levels of CAT, SOD, and glutathione peroxidase were found 
to be significantly decreased, compared to those with the most 
severe form of the disease. The study’s findings suggest a 
correlation between the extent of oxidative stress and COPD 
severity.(16)

Sotgia et al.(17) assessed the blood concentration of 
the total and reduced forms of the low-molecular-weight 
thiol antioxidant glutathione in COPD patients, compared 
with healthy people. The control group showed a markedly 
higher level of glutathione thiol, compared to the patients, as 
indicated by recent findings.

Initially, the release of ROS from mitochondria triggers a 
stress response in the respiratory tract’s epithelial cells, causing 
oxidative damage to membranes and organelles. Furthermore, 
damage occurs to DNA and proteases. Mitochondrial 
antioxidants and DNA are involved in activating the NLRP3 
inflammasome, along with the DNA sensors cyclic GMP-
AMP synthase and a stimulator of interferon genes (STING). 
These activations accelerate cell death pathways, including 
caspase activation, leading to inflammation and increased 
alveolar septa destruction, remodeling, and fibrosis.(18)

Systemic inflammation, which develops during long-
term COPD, is also a pathogenetic mechanism for the 
development of coronary artery disease. A high concentration 
of systemic inflammation markers is associated with worsening 
atherosclerosis, the development of its complications, and the 
progression of coronary artery disease.(19)

Over the past 15 years, attention has been focused on the 
intimate link between COPD and cardiovascular disease as a 
key component of the broad range of effects COPD has on the 
body. The enduring presence of a mild, chronic inflammatory 
response throughout the body in COPD patients is the primary 
factor behind the elevated occurrence of cardiovascular 
disease in this group.(20)

Chronic heart failure (CHF) and COPD are characterized 
by widespread prevalence and high mortality, especially when 
combined. Diagnosing comorbidity of CHF and COPD can 
pose challenges due to the overlap in risk factors, shared 
disease pathways, and similar symptomatology. Nevertheless, 
enhancing diagnostic accuracy and optimizing outcomes for 
these individuals is achievable.(21)

It is known that melatonin can restore the structural and 
functional organization of damaged lung tissue through several 
mechanisms, including the regulation of signaling molecules, 
oxidative status, lipid homeostasis, and support of optimal 
mitochondrial membrane potential. The role of melatonin in 
various lung diseases is believed to be linked to its interaction 
with the alpha-7 nicotinic receptor and the aryl hydrocarbon 
receptor, which together regulate mitochondrial function and 
integrate the effects of this hormone.(22) The mechanism of the 
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antioxidant action of this hormone is its ability to bind free 
radicals and exogenous carcinogens.(23) At the same time, by 
activating several enzymes, melatonin is able to enhance the 
formation of glutathione as well as increase the activity of SOD 
and CAT. Due to this, the balance between antioxidant and 
prooxidant enzymes ultimately shifts towards antioxidants.(22) 

A study by Morvaridzadeh et al.(24) confirmed the 
relationship between melatonin consumption and a significant 
increase in the body’s total antioxidant capacity. COPD 
patients experienced a notable rise in the levels of glutathione, 
SOD, glutathione peroxidase, and glutathione reductase, 
alongside a reduction in MDA. In addition to the fact that 
exogenous melatonin helps reduce the intensity of oxidative 
stress and the severity of shortness of breath in COPD, it also 
inhibits phosphorylation of ERK kinase and Sp1 expression 
and reduces the level of 8-isoprostane by 1.6 times.(25) 

In vivo and in vitro, the observed protective effect of 
melatonin on damaged lung tissue is clearly evident.(26) The 
melatonin effect is to weaken the inflammatory process in the 
lungs. It activates intracellular Trx1, inhibits TXNIP/NLRP1, 
and inhibits impaired mitophagy mediated by inflammasome 
activation. PINK-1, a protein that regulates autophagy and 
is linked to microtubules (LC3B-II), demonstrates a rising 
expression level. Melatonin also improves the overall 
antioxidant status of the lungs in COPD by restoring the 
transcription factor NRF-2-HO-1. 

A new target of melatonin is the NLRP3 inflammasome, 
which promotes increased IL-1β levels, activation of 
caspase-1, and stimulation of pyroptosis. By inhibiting 
NLRP3, melatonin reduces inflammation and affects various 
molecular pathways, such as SIRT1, microRNA, long non-
coding RNA, and Wnt/β-catenin.(27) 

In a study conducted on rats,(28) the influence of melatonin 
on the progression of COPD was confirmed, showing its 
ability to reduce the functioning of the NLRP3 and IL-1β 
inflammasomes. Additionally, an increase in SIRT1 levels was 
noticed in the lung tissues of rats with COPD, indicating a 
decrease in the protective effects of melatonin against COPD 
when SIRT1 activity was suppressed.

In addition to the antioxidant effects of melatonin, there 
is evidence of the potential benefit of melatonin in reducing 
the severity of COPD symptoms by improving sleep quality. 
Melatonin significantly improved Pittsburgh Quality of Life 
Index (PSQI) scores, especially sleep quality, duration, and 
efficiency. During the daytime, there was no observable 
discrepancy in levels of drowsiness, lung capacity, or oxygen 
saturation.(29) 

Correction of sleep disturbances with the use of melatonin 
in elderly patients with COPD increased the effectiveness 
of its treatment and reduced the frequency and duration of 
exacerbations, as well as the number of outpatient visits and 
hospitalizations.(30) In addition, several studies have assessed 
the effectiveness of integrating patient education, smoking 
cessation, exercise training, and nutritional interventions 
into standard COPD therapy. Results showed significant 
reductions in COPD exacerbations, hospitalizations, and 
symptom severity, as well as improvements in quality of life 
and exercise capacity.(31) 

Considering the available data, we can conclude that 
melatonin has a protective role against oxidative stress in 
COPD patients in addition to regulating the circadian rhythm. 

Competing Interests
The authors declare that they have no competing 

interests. 

Disclaimer
We state that the views expressed in the submitted article 

are ours and not an official position of the institution or funder.

References
1. Federal clinical guidelines: Chronic obstructive pulmonary 
disease. Revision:2023. Available from: https://spulmo.ru/upload/
kr/HOBL_2023_draft.pdf?ysclid=lrq75428cz630397288. (In 
Russian).
2. Morbidity of the population of the Russian Federation 
by main classes of diseases. Federal State Statistics Service, 
Official statistics, Healthcare. Available from: https://rosstat.
gov.ru/folder/13721. (In Russian).
3. World Health Organization.  Available from: https://www.
who.int/ru/news-room/fact-sheets/detail/chronic-obstructive-
pulmonary-disease-(copd).
4. Global Initiative for Chronic Obstructive Lung Disease 
(GOLD). Global strategy for the diagnosis, management, and 
prevention of COPD. Available from: https://goldcopd.org/
wp-content/uploads/2024/01/GOLD-2024_v1.2-11Jan24_
WMV-1.pdf
5. Białas AJ, Sitarek P, Miłkowska-Dymanowska J, 
Piotrowski WJ, Górski P. The Role of Mitochondria and 
Oxidative/Antioxidative Imbalance in Pathobiology of 
Chronic Obstructive Pulmonary Disease. Oxid Med Cell 
Longev. 2016;2016:7808576. doi: 10.1155/2016/7808576. 
Epub 2016 Dec 26. PMID: 28105251; PMCID: PMC5220474.
6. Sundar IK, Yao H, Rahman I. Oxidative stress and 
chromatin remodeling in chronic obstructive pulmonary 
disease and smoking-related diseases. Antioxid Redox Signal. 
2013 May 20;18(15):1956-71. doi: 10.1089/ars.2012.4863. 
Epub 2012 Nov 6. PMID: 22978694; PMCID: PMC3624634.
7. Barnes PJ. Inflammatory mechanisms in patients with 
chronic obstructive pulmonary disease. J Allergy Clin Immunol. 
2016 Jul;138(1):16-27. doi: 10.1016/j.jaci.2016.05.011. Epub 
2016 May 27. PMID: 27373322.
8. Polverino F, Celli BR, Owen CA. COPD as an 
endothelial disorder: endothelial injury linking lesions in the 
lungs and other organs? (2017 Grover Conference Series). 
Pulm Circ. 2018 Jan-Mar;8(1):2045894018758528. doi: 
10.1177/2045894018758528. PMID: 29468936; PMCID: 
PMC5826015.
9. Bernardo I, Bozinovski S, Vlahos R. Targeting oxidant-
dependent mechanisms for the treatment of COPD and its 
comorbidities. Pharmacol Ther. 2015 Nov;155:60-79. doi: 
10.1016/j.pharmthera.2015.08.005. Epub 2015 Aug 19. 
PMID: 26297673.
10. Saburova AM, Nasyrdzhonova HR, Sharipova HE, 
Kurbanova MB. Features of free radical oxidation and 



230                                     A. V. Budnevsky et al. / International Journal of Biomedicine 14(2) (2024) 227-230

metabolic activity of vascular endothelium in patients with 
chronic obstructive pulmonary disease. Avicenna’s Bulletin. 
2019; 21(1): 38-42. doi: 10.25005/2074-0581-2019-21-1-38-
42. (In Russian).
11. Zhao X, Zhang Q, Zheng R. The interplay between 
oxidative stress and autophagy in chronic obstructive 
pulmonary disease. Front Physiol. 2022 Sep 26;13:1004275. 
doi: 10.3389/fphys.2022.1004275. PMID: 36225291; 
PMCID: PMC9548529.
12. Albano GD, Montalbano AM, Gagliardo R, Profita 
M. Autophagy/Mitophagy in Airway Diseases: Impact of 
Oxidative Stress on Epithelial Cells. Biomolecules. 2023 Aug 
4;13(8):1217. doi: 10.3390/biom13081217. PMID: 37627282; 
PMCID: PMC10452925.
13. Atiakshin DA, Shishkina VV, Esaulenko DI,  Ovsyannikov 
ES. Mast Cells as the Target of the Biological Effects of 
Molecular Hydrogen in the Specific Tissue Microenvironment. 
International Journal of Biomedicine. 2022; 12(2):183-187. 
doi: 10.21103/Article12(2)_RA2
14. Stanojkovic I, Kotur-Stevuljevic J, Milenkovic B, Spasic 
S, Vujic T, Stefanovic A, Llic A, Ivanisevic J. Pulmonary 
function, oxidative stress and inflammatory markers in severe 
COPD exacerbation. Respir Med. 2011 Oct;105 Suppl 1:S31-
7. doi: 10.1016/S0954-6111(11)70008-7. PMID: 22015083.
15. Arja C, Surapaneni KM, Raya P, Adimoolam C, Balisetty 
B, Kanala KR. Oxidative stress and antioxidant enzyme 
activity in South Indian male smokers with chronic obstructive 
pulmonary disease. Respirology. 2013 Oct;18(7):1069-75. 
doi: 10.1111/resp.12118. PMID: 23683270.
16. Singh S, Verma SK, Kumar S, Ahmad MK, Nischal A, 
Singh SK, Dixit RK. Evaluation of Oxidative Stress and 
Antioxidant Status in Chronic Obstructive Pulmonary Disease. 
Scand J Immunol. 2017 Feb;85(2):130-137. doi: 10.1111/
sji.12498. PMID: 28256060.
17. Sotgia S, Paliogiannis P, Sotgiu E, Mellino S, Zinellu E, 
Fois AG, Pirina P, Carru C, Mangoni AA, Zinellu A. Systematic 
Review and Meta-Analysis of the Blood Glutathione 
Redox State in Chronic Obstructive Pulmonary Disease. 
Antioxidants (Basel). 2020 Nov 18;9(11):1146. doi: 10.3390/
antiox9111146. PMID: 33218130; PMCID: PMC7698942.
18. Wiegman CH, Li F, Ryffel B, Togbe D, Chung 
KF. Oxidative Stress in Ozone-Induced Chronic Lung 
Inflammation and Emphysema: A Facet of Chronic Obstructive 
Pulmonary Disease. Front Immunol. 2020 Sep 2;11:1957. 
doi: 10.3389/fimmu.2020.01957. PMID: 32983127; PMCID: 
PMC7492639.
19. Provotorov VM, Budnevskiĭ AV, Semenkova GG, 
Shishkina ES. [PROINFLAMMATORY CYTOKINES IN 
COMBINATION OF CORONARY HEART DISEASE AND 
CHRONIC OBSTRUCTIVE PULMONARY DISEASE]. 
Klin Med (Mosk). 2015;93(2):5-9. Russian. PMID: 26117912.
20. Budnevsky AV, Malysh EY. [Clinico-Pathogenetic 
Relationship of Cardiovascular Diseases and Chronic 
Obstructive Pulmonary Disease]. Kardiologiia. 2017 
Apr;57(4):89-93. Russian. PMID: 28762911.
21. Tokmachev RE, Mukhortova MS, Budnevsky AV, 
Tokmachev E.V., Ovsyannikov ES. Comorbidity of 

chronic heart failure and chronic obstructive pulmonary 
disease: features of pathogenesis, clinical and diagnosis. 
Cardiovascular Therapy and Prevention. 2018; 17 (6): 62-68. 
Doi: 10.15829/1728-8800-2018-6-62-68. (In Russian).
22. Mazzoccoli G, Kvetnoy I, Mironova E, Yablonskiy P, 
Sokolovich E, Krylova J, Carbone A, Anderson G, Polyakova 
V. The melatonergic pathway and its interactions in modulating 
respiratory system disorders. Biomed Pharmacother. 2021 
May;137:111397. doi: 10.1016/j.biopha.2021.111397. Epub 
2021 Feb 19. PMID: 33761613.
23. Arushanyan EB. The protective role of melatonin in 
disorders of cerebral circulation. RMJ. 2010; 18(8): 495-499. 
(In Russian).
24. Morvaridzadeh M, Nachvak SM, Agah S, Sepidarkish M, 
Dehghani F, Rahimlou M, Pizarro AB, Heshmati J. Effect of 
soy products and isoflavones on oxidative stress parameters: A 
systematic review and meta-analysis of randomized controlled 
trials. Food Res Int. 2020 Nov;137:109578. doi: 10.1016/j.
foodres.2020.109578. Epub 2020 Jul 21. PMID: 33233189.
25. Budnevsky AV, Tsvetikova LN, Ovsyannikov ES, 
Goncharenko OV. Melatonin: role in the development 
of chronic obstructive pulmonary disease. Pulmonology. 
2016;26(3):372-378. doi: 10.18093/0869-0189-2016-26-3-
372-378. (In Russian). 
26. Mahalanobish S, Dutta S, Saha S, Sil PC. Melatonin 
induced suppression of ER stress and mitochondrial 
dysfunction inhibited NLRP3 inflammasome activation in 
COPD mice. Food Chem Toxicol. 2020 Oct;144:111588. 
doi: 10.1016/j.fct.2020.111588. Epub 2020 Jul 30. Erratum 
in: Food Chem Toxicol. 2024 Feb;184:114408. PMID: 
32738376.
27. Ashrafizadeh M, Najafi M, Kavyiani N, Mohammadinejad 
R, Farkhondeh T, Samarghandian S. Anti-Inflammatory 
Activity of Melatonin: a Focus on the Role of NLRP3 
Inflammasome. Inflammation. 2021 Aug;44(4):1207-1222. 
doi: 10.1007/s10753-021-01428-9. Epub 2021 Mar 2. PMID: 
33651308.
28. Peng Z, Zhang W, Qiao J, He B. Melatonin attenuates 
airway inflammation via SIRT1 dependent inhibition of 
NLRP3 inflammasome and IL-1β in rats with COPD. Int 
Immunopharmacol. 2018 Sep;62:23-28. doi: 10.1016/j.
intimp.2018.06.033. Epub 2018 Jun 30. PMID: 29990691.
29. Halvani A, Mohsenpour F, Abadi EEF. Effect of melatonin 
on sleep quality of chronic obstructive pulmonary disease 
(COPD) patients. Eur Respir J 2012; 40: Suppl. 56, 3477
30. Tsvetikova LN, Goncharenko OV, Budnevsky AV, 
Ovsyannikov ES, Belov VN, Kudashova EA, Shkatova YS. 
Melatonin in treatment of sleep disorders in elderly patients 
with chronic obstructive pulmonary disease. International 
Journal of Biomedicine. 2017;7(2):108-110. doi: 10.21103/
Article7(2)_OA4
31. Budnevsky AV, Isaeva YV, Malysh EY, Kozhevnikova 
SA. [Pulmonary rehabilitation as an effective method for 
optimizing therapeutic and preventive measures in patients 
with chronic obstructive pulmonary disease concurrent with 
metabolic syndrome]. Ter Arkh. 2016;88(8):25-29. Russian. 
doi: 10.17116/terarkh201688825-29. PMID: 27636923.



INTERNATIONAL 
JOURNAL                

OF BIOMEDICINE
http://dx.doi.org/10.21103/Article14(2)_RA4

 International Journal of Biomedicine 14(2) (2024) 231-234

REVIEW ARTICLEREVIEW ARTICLE

Thyroid Hormones and Their Role in Male Infertility: 
A Comprehensive Review

Ramadan S. Hussein*

Department of Dermatology, College of Medicine, Prince Sattam Bin Abdulaziz University 
Al-Kharj, Saudi Arabia

Abstract
Thyroid hormones are pivotal regulators of various physiological processes, including reproductive function. While the 

impact of thyroid dysfunction on female fertility has been extensively studied, its association with male infertility has gained 
increasing recognition. This comprehensive review explores the role of thyroid hormones in male infertility, focusing on 
their effects on spermatogenesis, sperm quality, and reproductive outcomes. The review delves into the physiology of thyroid 
hormones, the presence of thyroid hormone receptors in the male reproductive system, and the influence of thyroid dysfunction on 
spermatogenesis and semen parameters. Additionally, it examines the molecular mechanisms underlying thyroid hormone action 
in the male reproductive system and discusses potential therapeutic strategies targeting thyroid hormone pathways to improve 
male fertility. Understanding the intricate relationship between thyroid hormones and male infertility is crucial for advancing 
diagnostic and therapeutic approaches in the management of male infertility associated with thyroid dysfunction.(International 
Journal of Biomedicine. 2024;14(2):231-234.)
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Introduction
Thyroid hormones, predominantly thyroxine (T4) 

and triiodothyronine (T3), serve as pivotal modulators of 
metabolic processes, growth, and developmental pathways. 
Beyond their well-established roles in maintaining metabolic 
homeostasis, thyroid hormones exert profound effects 
on various physiological processes, including reproduction.(1) 
Within the repertoire of thyroid gland-secreted hormones, T4 
stands as the predominant form, undergoing conversion into 
the bioactive hormone T3 facilitated by deiodinase enzymes.(2) 

In clinical contexts, hyperthyroidism manifests with 
elevated levels of thyroid hormones, augmenting basal 

metabolic rate and oxygen consumption. Left untreated, 
hyperthyroidism fosters heightened production of reactive 
oxygen species, inducing oxidative damage and lipid 
peroxidation in biomembranes, while also triggering free 
radical generation within mitochondria.(3,4)

Furthermore, hyperthyroidism is recognized to instigate 
pro-oxidant mechanisms within tissues, including heightened 
nitric oxide synthase activity and pro-inflammatory reactions. 
In individuals with hyperthyroidism, T3 prompts a significant 
elevation—up to 80-fold—in serum levels of TNF-α, 
IL-10, and NF-кB activation. These effects are notably 
observed subsequent to the mobilization and activation of 
testicular interstitial macrophages.(1,5,6)

Changes in thyroid function are linked to disruptions in 
sexual functions and compromised fertility in both humans 
and rats. The testes, characterized by high levels of 
polyunsaturated fatty acids and limited antioxidant defenses, 
are particularly susceptible to peroxidative damage, compared 
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to other organs.(4,5) In their study, Dahmani-Said et al.(2) 
observed that rats administered thyroxine exhibited symptoms 
of hyperthyroidism, including alterations in the seminiferous 
tubules and the testicular interstitium.

Notably, the observed disturbance in the testicular 
oxidant-antioxidant equilibrium caused by hyperthyroidism 
could lead to substantial DNA damage and apoptosis within 
the testes, potentially exacerbating testicular complications. 
A notable inverse relationship has been documented between 
the extent of oxidative DNA damage in sperm and the overall 
sperm count. Additionally, caspase-3, B-cell lymphoma 2 
(Bcl-2), and Bcl-2-associated X protein (BAX) have been 
identified as potential regulators of germ cell apoptosis in 
the rat testis.(7) Caspases are a family of cysteine proteases 
pivotal in the regulation of apoptosis and inflammation. 
Upon receiving pro-apoptotic signals, they become activated, 
initiating a cascade of proteolytic cleavage of cellular proteins, 
ultimately culminating in cell death. Caspase-3, in particular, 
serves as a critical mediator in apoptosis, with its activation 
occurring through both extrinsic and intrinsic signaling 
pathways during the execution phase of programmed cell 
death.(8) Furthermore, the Bcl-2 family comprises numerous 
members, encompassing both pro-apoptotic (Bax, Bak) and 
anti-apoptotic  (Bcl-2, Bcl-XL, Mcl-1) genes. Primarily, the 
Bcl-2 protein is involved in the mitochondrial apoptosis 
pathway, known as the Bcl-2-regulated pathway.(9) 

Antithyroid medications persist as the primary 
therapeutic approach for managing hyperthyroidism and 
regulating thyroid function preoperatively. The antithyroid 
thioamide medication carbimazole stands as a cornerstone 
treatment for Graves’ disease globally and is applicable in the 
management of other etiologies of hyperthyroidism, such as 
toxic nodular goiter.(10)

While the impact of thyroid dysfunction on female 
fertility has been extensively studied, its influence on male 
reproductive health has garnered increasing attention in recent 
years. This introduction sets the stage for a comprehensive 
review aimed at elucidating the role of thyroid hormones in 
male infertility. It highlights the importance of understanding 
the interplay between thyroid function and male reproductive 
physiology, emphasizing the need for a deeper exploration 
of this relationship to improve diagnostic and therapeutic 
strategies for male infertility associated with thyroid 
dysfunction.

Thyroid Hormones and Spermatogenesis
Thyroid Hormone Physiology

Thyroid hormones, namely T4 and T3, are produced 
and released by the thyroid gland under the influence of 
thyroid-stimulating hormone (TSH) secreted by the pituitary 
gland. T4 represents the primary hormone discharged by 
the thyroid gland, while T3, possessing greater biological 
activity, is derived from T4 via enzymatic conversion in 
peripheral tissues.(11) The synthesis and release of thyroid 
hormones are tightly regulated by feedback mechanisms 
involving the hypothalamus, pituitary gland, and thyroid 
gland. TSH from the pituitary gland prompts the thyroid gland 
to generate and release T4 and T3 in response to fluctuating 

levels of circulating thyroid hormones. These hormones exert 
widespread effects on various tissues and organs throughout 
the body, regulating metabolic rate, energy expenditure, heart 
rate, and body temperature.(11,12)

Thyroid Hormone Receptors in the Male Reproductive System

Thyroid hormone receptors are protein entities present in 
the cellular milieu of the male reproductive system, comprising 
Sertoli cells, Leydig cells, and germ cells within the testes.(13) 
These receptors hold pivotal significance in orchestrating the 
impact of thyroid hormones on spermatogenesis and male 
fertility. Upon interaction with thyroid hormones, thyroid 
hormone receptors undergo translocation to the nucleus, where 
they modulate the expression of target genes implicated in 
cellular proliferation, differentiation, and apoptosis.(14) Within 
the testes, thyroid hormone receptors exert influence over 
a spectrum of processes crucial for spermatogenesis. These 
include the development and maturation of germ cells, the 
synthesis of androgen-binding protein within Sertoli cells, and 
the production of testosterone by Leydig cells. The presence of 
thyroid hormone receptors underscores the pivotal role of thyroid 
hormones in coordinating the complex mechanisms governing 
male reproductive function.(13,14) The hormones T3 and T4 
modulate testicular function via genomic and nongenomic 
pathways. Genomic effects occur upon T3 binding to thyroid 
hormone receptor within the nuclei of Sertoli and Leydig 
cells, triggering gene transcription and protein synthesis.(15) 
Thyroid hormone receptor isoforms, particularly TRα1, play a 
significant role in regulating germ cell development and Sertoli 
cell proliferation. T3 also acts on Leydig cells, stimulating 
steroidogenesis acutely but inhibiting it chronically, and stops 
Sertoli cell proliferation.(16) Nongenomic effects involve T3 
and T4 binding to nonnuclear receptors on the spermatozoon, 
stimulating cyclic adenosine monophosphate (cAMP) synthesis 
and, thereby, sperm motility. Recent studies demonstrate that T4 
rapidly increases sperm motility and improves the recovery of 
motile sperm for insemination.(17,18) Other iodothyronines, such 
as rT3 and T2, may also act through nongenomic mechanisms. 
Thyroid hormones regulate the redox status of the testis through 
antioxidant systems such as glutathione peroxidase, which is 
crucial for sperm motility and antiapoptotic action.(1) Selenium, 
an essential micronutrient incorporated into glutathione 
peroxidase and iodothyronine deiodinases, plays a vital role in 
thyroid homeostasis and sperm motility. Additionally, thyroid 
hormones modulate the expression of antioxidant systems in the 
testis. Alterations in thyroid function can affect spermatogenesis 
and semen quality.(19)

Effects of Thyroid Dysfunction on Spermatogenesis

Thyroid dysfunction, characterized by hypo- or 
hyperthyroidism, can disrupt normal spermatogenesis and impair 
male fertility. Hypothyroidism, characterized by insufficient 
thyroid hormone levels, may lead to reduced sperm production, 
impaired sperm motility, and altered sperm morphology. In 
rats administered antithyroid drugs, there is a decrease in 
seminal volume, arrest of spermatogenesis, and a reduction in 
the number and diameter of seminal tubules, accompanied by 
diminished weight of the testes and accessory glands compared 
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to euthyroid controls.(20) Progressive sperm motility, along with 
sperm transit time through the epididymis and epididymal 
secretory activity, are likewise impacted. Additionally, 
persistent hypothyroidism in rats leads to decreased testicular 
germ cells and live sperm count, potentially due to increased 
oxidative stress and reduced antioxidant systems.(21) In newborn 
mice treated with propylthiouracil, oxidative stress reduces 
the expression of glucose transporter proteins in Sertoli and 
Leydig cells, leading to diminished testicular glucose levels and 
increased apoptosis of germ cells. Additionally, oxidative stress 
diminishes the expression of connexin 43, a protein involved 
in regulating germ cell proliferation and apoptosis within the 
seminiferous epithelium.(22) In humans, teratozoospermia is 
the most prevalent semen abnormality observed in individuals 
with hypothyroidism, showing a negative correlation with 
serum T4 levels. Furthermore, altered sperm motility, reduced 
accessory gland secretory activity, and decreased ejaculate 
volume are also documented. Notably, semen abnormalities 
associated with hypothyroidism are reversible upon restoration 
of euthyroid status.(23) Conversely, hyperthyroidism, marked 
by excessive thyroid hormone levels, can also negatively 
impact spermatogenesis, resulting in decreased sperm quality 
and fertility. Hyperthyroidism in rodents leads to delayed 
spermatogenesis, maturation arrest, decreased seminiferous 
tubule diameters, impaired mitochondrial activity, and reduced 
lipid concentration.(21) It also affects antioxidant systems, 
with upregulated catalase and downregulated glutathione 
peroxidase.(20) In individuals with thyrotoxicosis, more than 
half experience asthenozoospermia, while approximately 
40% manifest oligozoospermia and teratozoospermia, often 
accompanied by decreased semen volume.(24) Research indicates 
that hyperthyroid patients typically have lower sperm motility 
than euthyroid counterparts; however, semen parameters tend to 

normalize following treatment for hyperthyroidism.(25) A recent 
study observed significant differences in seminal vesicle volume 
changes before and after ejaculation between hyperthyroid and 
hypothyroid patients. Seminal vesicle volume, emptying, and 
fructose concentration positively correlated with serum FT3 
levels. Moreover, there was a positive association between FT3, 
FT4, and ejaculate volume.(26) Thyroid dysfunction may disrupt 
germ cell development, impair sperm maturation processes, and 
induce changes in testicular morphology, contributing to male 
infertility.(20,26) 

Future Directions: An overview of the research gaps is shown 
in Table 1.

Limitations
The literature presents three main limitations in the 

existing studies. First, the criteria for diagnosing semen 
abnormalities varied across studies. Second, many studies 
included cohorts from infertile couples, complicating the 
interpretation of results as these men may have had low semen 
quality due to factors unrelated to thyroid dysfunction. Third, 
the studies conducted so far often had small cohorts, which 
reduced their statistical power.

Conclusion
This review highlights the intricate interplay between 

thyroid hormones and male infertility, emphasizing the 
importance of thyroid function in spermatogenesis, sperm 
quality, and reproductive outcomes. Understanding the 
role of thyroid hormones in male fertility may pave the 
way for novel diagnostic and therapeutic approaches to 
address male infertility associated with thyroid dysfunction. 

Research focus Existing gaps Proposed research directions

Thyroid
dysfunction and
male infertility

Lack of comprehensive understanding of causal 
mechanisms underlying the association between 
thyroid dysfunction and male infertility

Conduct prospective studies elucidating causal 
mechanisms between thyroid dysfunction and male 
infertility.

Limited longitudinal investigations examining the 
long-term impact of thyroid hormone levels on 
reproductive outcomes

Undertake longitudinal investigations examining the 
impact of thyroid hormone levels on spermatogenesis, 
sperm quality, and fertility.

Insufficient clinical trials evaluating the efficacy of 
thyroid hormone modulation in improving fertility 
outcomes in men

Design well-controlled clinical trials assessing the 
efficacy of thyroid hormone modulation in improving 
fertility outcomes.

Limited evidence on the effects of thyroid hormone 
replacement therapy on sperm parameters and 
reproductive hormone levels

Evaluate the effects of thyroid hormone replacement 
therapy on sperm parameters, reproductive hormone 
levels, and pregnancy rates.

Scarcity of research exploring the potential role of 
novel therapeutic targets in male fertility

Explore the potential role of novel therapeutic targets 
targeting thyroid hormone pathways in male fertility.

Inadequate assessment of the safety and efficacy of 
thyroid hormone analogs and receptor modulators

Investigate the safety and efficacy of thyroid hormone 
analogs, receptor modulators, or pharmacological agents 
in improving fertility.

Lack of optimized diagnostic and therapeutic 
strategies for improving reproductive outcomes in 
affected individuals

Foster research endeavors to optimize diagnostic and 
therapeutic strategies for improving reproductive 
outcomes in affected individuals.

Table 1.
Overview of the research gaps and proposed future research directions in the field of thyroid dysfunction and reproduction. 
[1, 20, 26]
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Additional investigation is necessary to explore the impact of 
hyperthyroidism or hypothyroidism on nontraditional sperm 
parameters and the potential influence of subclinical thyroid 
dysfunction on male fertility.
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Abstract
This review compiles and assesses data from recent studies on mammographic radiation doses in Saudi Arabia, aiming to 

evaluate mean glandular dose (MGD) exposure during mammography and its implications in breast cancer risk. The reviewed 
studies spanned from 2019 to 2023 and included a range of sample sizes and institutional settings, with patients’ ages from 27 to 85 
years. Considerations such as the number of mammographic views and compressed breast thickness were examined. The studies 
reported average MGDs below the National Diagnostic Reference Level set by the Saudi Food and Drug Authority. However, 
limitations were noted regarding sample size selection and incomplete data on all mammographic projections. Despite these 
limitations, the findings highlight the need for continued assessment of patient doses to optimize mammography practices and 
address the absence of quality standardization acts in Saudi Arabia. These insights are critical for governing authorities to ensure 
that effective patient dose monitoring occurs regularly and that the establishment of minimum quality standards for breast cancer 
screening is intact.(International Journal of Biomedicine. 2024;14(2):235-239.)
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Introduction
Breast cancer (BC) is a significant health concern and the 

main cause of cancer death in women globally, with an estimated 
2.3 million new cancer cases and 685,000 cancer deaths in 2020, 
as per the Global Cancer Observatory (GLOBOCAN) database 
from 185 countries.(1) The incidence of BC among women in 
Saudi Arabia is higher than the global average, accounting for 
28% of all cancers in the country.(2) It is a major health concern, 
especially among women, and its prevalence is expected to rise 
in the coming years.(3) The precise detection and prediction of 

BC are critical for better patient outcomes. Machine learning 
techniques, such as Explainable Artificial Intelligence, have 
been used to predict benign and malignant BC based on clinical 
and pathological characteristics.(4) Furthermore, BC survivors in 
Saudi Arabia have poor health-related quality of life, which is 
influenced by a variety of factors, such as age, type of therapy, 
and comorbidities.(5) 

Different imaging modalities, including mammography, 
are used for accurate diagnosis and screening of breast tissue. 
Although it remains the gold standard for screening to date, 
mammography still has its limitations due to small differences 
in contrast between normal and malignant tissues. On the 
other hand, mammography has provided evidence that it is 
beneficial in detecting BC at an early stage, when changes in 
the breast are often too small to detect by self-examination.(6) 
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Efforts to improve the current situation must address 
several factors, including patient, public, and medical team 
awareness levels, to further improve outcomes. 

Al-Wassia et al.(7) conducted a cross-sectional study of 
3,245 women aged 40 and older in five geographic regions of 
Saudi Arabia to assess mammography utilization, knowledge, 
and barriers. They discovered that mammography utilization 
and knowledge were poor, and they concluded that raising 
awareness through educational initiatives could assist in 
overcoming current barriers and misconceptions.

In addition, medical students in Saudi Arabia were 
found to have low awareness of BC, but there is a willingness 
to participate in BC prevention activities.(8) Text mining 
algorithms and natural language processing models have been 
used to analyze clinical data and extract valuable insights from 
medical notes of BC patients in Saudi Arabia.(9)

Nevertheless, the radiation dose involved in 
mammography imaging is of concern because glandular tissue 
is sensitive to radiation, and the procedure itself could add to 
the risk of BC development.(10) Mammographic procedures 
typically involve two views for each side, with reported 
average doses ranging from 1.1 to 2.2 mGy per view and 2.0 
to 5.4 mGy per breast.(11) This is highly dependent on several 
factors like compressed breast thickness, technique used, 
positioning, qualifications of staff, and the frequent need for 
more projections or views for full assessment. Assessing 
patient doses during mammography is necessary to ensure 
compliance with guidelines for radiation protection safety and 
to minimize unnecessary exposure. 

Despite the potential risk of radiation-induced 
malignancy, the benefits of mammographic imaging, such 
as early detection and reduced mortality risk, outweigh the 
associated risks. The benefit can reduce the mortality rate up to 
25% of the screened female population and avoid aggressive 
treatment.(12) This is on the condition that centers providing 
screening and diagnostic mammography services are aware 
of every patient dose and undergo a comprehensive quality 
assurance program (QAP). Implementation of a QAP in every 
mammography facility is crucial. Such programs include 
protocol evaluation, quality control tests, radiographer and 
radiologist qualifications, sample image quality assessment, 
and peer-reviewed reports.

The US Congress passed the Mammography Quality 
Standards Act (MQSA) to govern the quality of care provided by 
mammography service providers.(13) The Act was implemented 
in 1994. In 1995, the US FDA began inspecting mammography 
facilities to ensure their compliance. This Act aimed to create 
basic requirements for ensuring that all women have access 
to quality mammography treatments.(13) The MQSA requires 
that an FDA-approved accreditation body accredit facilities. 
Currently, the American College of Radiology is the only 
nationally approved body.(14)

In addition, the International Commission on 
Radiological Protection (ICRP) has emphasized the need 
for QAPs in mammography to ensure high-quality images 
and accurate BC diagnosis.(15) QAPs are systematic actions, 
including quality control checks, that provide high-quality 
images while limiting radiation exposure.(16) Implementation 

and continuous evaluation of QAPs have a direct impact on 
improving mammography image quality and reducing patient 
dose, resulting in enhanced BC diagnosis and management.(17) 

Continuous attempts to improve mammography quality 
and safety in Saudi Arabia started in 2020.(18) Currently, MQSA 
and similar local accreditation programs for mammography 
facilities are non-existent. In addition, there is a lack of 
comprehensive data on the radiation doses received by women 
undergoing mammograms in Saudi Arabia. Patient radiation 
doses from diagnostic imaging procedures in many healthcare 
centers are unknown and not documented in their medical 
records. The Saudi Food and Drug Authority published National 
Diagnostic Reference Levels (NDRLs) in early 2023 for 
mammography and issued a higher decree to force healthcare 
providers to compare their patient doses to the National 
Diagnostic Reference Levels (NDRLs) and establish their own 
Diagnostic Reference Levels (DRL).(19)

The International Atomic Energy Agency has set 
Diagnostic Reference Levels for diagnostic examinations, 
such as mammography, to enhance patient safeguarding by 
minimizing unnecessary radiation exposure. DRLs are used 
as reference points but are not intended to be dose restrictions 
but rather as benchmarks to ensure that doses are maintained 
at the lowest possible level while still obtaining the necessary 
diagnostic information.(20) 

In mammography, DRLs are usually established based 
on the average glandular dosage to the breast. They vary across 
countries and are often established using nationwide surveys of 
patient dose data, considering the specific equipment, procedures, 
and practices employed in each country. Healthcare providers 
should regularly assess their doses and compare them with 
NDRLs. If consistently exceeding the DRLs, providers should 
evaluate their practices and make necessary adjustments to 
reduce doses without compromising image quality. Maintaining 
image quality is crucial for the accurate detection of BC.(21) 

The existing literature on radiation doses from 
mammograms predominantly focuses on Western populations, 
with limited information available specifically for practices in 
Saudi Arabia. Comparable studies from neighboring regions 
provide some insights into the radiation doses received 
during mammography, but we still need more national studies 
to document and optimize the doses the Saudi population 
is receiving. Therefore, this study reviews all articles that 
document radiation doses from mammography in Saudi 
Arabia.  
Radiation Exposure in Mammography

The MGD, which refers to the average amount 
of radiation absorbed by breast glandular tissues, is the 
preferred dosimetry quantity for evaluating potential risks, 
as recommended by the ICRP.(22) The MGD is indirectly 
approximated using the entrance surface air kerma (ESAK) 
and half-value layer. It is determined using established breast 
parameters. Thus, MGD is estimated by utilizing the ESAK 
and conversion coefficients by Dance et al.(23)

The number of views for a mammography imaging 
procedure varies depending on the specific case and the 
diagnostic requirements, but it typically involves four views, 
with two views for each breast in different projections: cranio-
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caudal (CC) and mediolateral oblique (MLO).(24) Sometimes, a 
mediolateral (ML) projection is added to both CC and MLO. 

However, additional views may be necessary to cover 
all breast tissue, with 12% of screen-film mammography cases 
and 21% of full-field digital mammography cases requiring 
more than the normal four views to achieve comprehensive 
coverage.(25) Additionally, spot compression, magnification, 
extended views, and additional views, may be necessary to 
characterize and localize abnormalities.(26)

The NDRL for mammography, published by the SFDA 
in 2023, is 1.5 mGy for CC view. The SFDA has still to publish 
the full range of projections in 2024.(19) 
Estimation of CR during mammography procedures

The ICRP has assessed and measured the probability of 
developing cancer, namely malignant tumors, to be 5.5%. The 
radiation-induced risk coefficient for BC is 116×104 Sv-1. This 
coefficient was used to calculate the possibility of developing 
cancer per medical exposure.(22)

Estimating CRs during mammography procedures is a 
critical consideration in BC screening. The cumulative risk of an 
invasive procedure with a benign outcome from mammographic 
screening has been reported to range from 1.8% to 6.3%.(27) 
Additionally, factors such as double mammogram reading, 
number of views, digital mammography, menopausal status, 
hormone replacement therapy, previous invasive procedures, and 
familial history can increase the risk or lead to false positives.(28)

Methods
A literature search was conducted using Scopus, 

PubMed, and Google Scholar databases for studies reported 
on mammography patient doses conducted in Saudi Arabia 
between 2013 and 2023.  The search terms used were 
“mammography in Saudi Arabia,” “patient dose,” “radiation 
dose,” and “diagnostic reference levels.” Abstracts of all results 
were reviewed to assess suitability for the review’s purpose of 
identifying women’s radiation exposure from mammography 
in the Saudi population. In addition, references in each paper 
were tracked down to find more relevant publications. Studies 
in languages other than English conducted on men or phantoms 
were excluded. Data measured in Saudi hospitals were included 
in this review, represented in five original articles.

Results
Since radiation dose from mammograms may increase 

the risk of developing cancer, this study intended to quantify 
radiation doses and estimate the cancer risks. Sixty patients (an 
average age of 44) were evaluated using a digital mammography 
unit at King Khaled Hospital in Alkharj (Saudi Arabia).(10)

The average ESAK was 4.4±1.1 mGy, with a range of 
1.7-7.9 mGy. The average MGD per procedure was 1.1±0.26 
mGy, with range from 0.4 to 1.9 mGy. The third quartile values 
for ESAK and MGD were 5 and 1.2 mGy, respectively.(10) 

The total number of views for each patient was 6, 3 on 
each side. The average MGD per projection (view) was reported 
for CC, MLO, and LM as follows: 1.02±0.2 mGy for CC view 
and 1.1±0.3 mGy for MLO and LM. In addition, the study 

concluded that 80% of the procedures had normal findings, but 
precise justification is required for young patients. Also, CR 
was calculated using mean organ equivalent dose and radiation 
risk factors product. Suleiman et al. estimated CR per projection 
was 177 per million procedures. The study’s main limitation is 
the small sample size (60) and the fact that no mention was 
made of how the patients were chosen nor the institution’s daily 
mammography load. 

Local DRL based on patient radiation exposure during 
digital mammography was established at Riyadh Care 
Hospital (Riyadh Saudi Arabia).(29) The authors included 1055 
participants with mammography procedures using a direct 
digital mammography system. Patient age ranged from 28 to 75 
(mean of 51.65±9.3), and compressed breast thickness ranged 
from 19 to 125 mm (mean of 55.1±13.9). The study reports 
exposure parameters but does not report the total number of 
views patients received during a mammography exam. The 
average ESAK was 5.19±3.18 mGy, with a range of 0.33-
29.9 mGy. The average MGD per procedure was 1.3±1.0 
mGy. The third quartile values for ESAK and MGD were 6 
and 1.5mGy, respectively. This study also does not report the 
total number of views patients received but the total procedure 
dose. Furthermore, the authors have not reported individual 
projection average doses within their center to compare them 
to the NDRL.

A study conducted at Najran University Hospital 
(Najan, Saudi Arabia) included 85 patients who underwent 
mammography studies.(30) Their protocol for suspicious cases 
exposes patients to three projections (CC, MLO and ML) 
for each side, like Suleiman et al.;(10) therefore, a total of 510 
mammograms were assessed. Patient age ranged from 27 to 
71 and most of the patients (71%) were between the ages of 
30 to 50. The author stated that since they are young, “They 
are more vulnerable to risk than older patients.”(30) Compressed 
breast thickness for the study population ranged from 24 to 
76 mm. The average MGD and ESKD was 1.1 and 4.3 mGy 
respectively. The study reported the average MGD for each of 
the three projections and their associated exposure parameters. 
In addition, they correlated the patient doses with compressed 
breast thickness (CBT) (Table 1). Finally, the study estimated 
two cancer cases per 10,000 patients per breast as the CR due to 
mammography.(30) 

Alahmad et al.(31) studied the radiation dose exposure of 
167 patients, representing a randomly chosen small sample 
from King Fahad Medical City (Riyadh, Saudi Arabia), where 

Table 1.
Compressed breast thickness in millimeters and average mean 
glandular dose for the three projections.(30)  

Parameter
Projection

CC* MLO* ML*

CBT, mm 43.5 ± 5.0
(24.0 to 63.0)

53.4 ± 11.0
(29.0 to 76.0)

50.2 ± 7.4
(27.0 to 69.0)

MGD, mGy 1.01 ± 0.3
(0.3 to 1.7)

1.09 ± 0.2
(0.4 to 1.8)

1.09 ± 0.2
(0.4 to 1.9)

*Mean ± SD (range)
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over 3436 patients had bilateral mammograms from January 
2020 to July 2023. Patient age ranged from 30 to 85 and 
compressed breast thickness from 20 to 86mm. The average 
MGD and ESAK was 1.17 and 5.87 mGy, respectively, for the 
single reported projection. In addition, patients were grouped 
according to their age: under 40, from 40 to 49, from 50 to 
64, and above 64 to report the same projection data for the 
individual groups. The highest average MGD was 1.3 mGy in 
the 40-49 age group. Patients were also grouped depending on 
compressed breast thickness, where 29 mm and less received 
an average MGD of 0.71 mGy, from 30 to 49 mm received 
0.8 mGy, and those 50 mm and above received 1.49 mGy. The 
main study limitation was that no MLO data was retrievable, 
and the researchers only reported CC view data, while a full 
mammogram procedure will always include at least 2 CC and 
2 MLO for each patient. The authors have not specified how 
the small number of patients were selected from the larger 
pool of patients they scanned during the study period. 

A group of researchers at King Fahd Hospital at Imam 
Abdulrahman Bin Faisal University (Al-Khobar City, Saudi 
Arabia) conducted a study between May 25 and November 
4, 2021, to document patient radiation doses in diagnostic 
imaging.(32) Data management software was used to extract 
dose information from mammography and radiography 
patients. The study evaluated the impact of this software on 
radiation dose, developed DRLs, and documented achievable 
doses in mammography and radiography. Still, for the sake 
of the review, only their mammography data was evaluated. 
The study population included 2897 mammographs from 795 
patients (average of 3.6 images per patient) using a combo-
mode technique (two-dimensional and tomosynthesis) for 
screening and diagnostic protocols. Also, the authors have 
categorized the results of this paper in terms of two phases: pre 
and post-implementation of software.(32) There was no valid 
explanation why the average accumulated MGD had increased 
significantly in the post-implementation phase compared to the 
pre-implementation phase, from 5.65 to15.6 mGy. Also, the 
average ESAKs were 8.67 mGy and 9.20 mGy in the pre- and 
post-implementation phases, respectively. The limitation of this 
study is that it included data from seven men, but when reporting 
the MGD and ESAK the data was grouped together, which might 
have shifted the results and DRLs slightly. Similarly, the authors 
reported average MGD and ESKD per side (right and left breast) 
and not per projection; therefore, the results couldn’t be compared 
to NDRL or the other four studies in this review (Table 2).

Conclusion
Although there is limited data on the topic, these studies 

may offer valuable reference points for assessing the situation 
in Saudi Arabia and guiding further research endeavors. The 
current situation requires answers to a different question: Is it 
only about how much women are receiving from mammography 
procedures or also who is measuring? The percentage of 
mammography service providers who do not measure and 
patient doses that remain unknown is large. With the lack of 
licensing and monitoring of mammography facilities comes low 
quality images that result in unnecessary exposure. Therefore, 
the reviewed studies provide a comprehensive overview of the 
present measured patient doses and the need for continuous 
assessment to ensure the current practice is optimized 
under the prevailing lack of quality standardization acts for 
mammography within the country. All the research represented 
here demonstrates the crucial need for the governing authorities 
to enforce patient dose monitoring in mammography and set 
quality standards, especially for screening purposes.
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Introduction
Silver (Ag) is one of the metals most intensively used by 

humanity for medical purposes since ancient civilizations. The 
use of silver in medicine is based primarily on its disinfectant 
properties since silver has the most potent bactericidal 
effect among metals.(1) The bactericidal effect of Ag-based 
compounds is 1750 times more powerful than the effect of 
the same concentration of carbolic acid, 1500 times higher 
than the effect of the same concentration of phenol, and 3.5 
times stronger than the effect of sublimate. Silver, having a 
powerful antimicrobial effect, is detrimental to antibiotic-
resistant strains of more than 500 species of bacteria.(2) It has 
been established that Ag has the most powerful bactericidal 
effect among heavy metals.(3)

Hippocrates, the father of modern medicine, believed 
that silver powder has healing properties and is recommended 

for treating trophic ulcers.(1,4) One of the first silver compounds 
used in medical practice was silver nitrate. It was originally 
used in a solid form known as lapis, or hellstone.(1) In the 19th 
century, lapis became widespread for cauterizing excessive 
granulations in wounds and treating burns, and Ag-based 
compounds became one of the main means for the treatment 
and prevention of wound infections before the invention of 
antibiotics.(5) It was in the 19th century that active scientific 
study of silver and its compounds began, which led to the 
discovery of its antiviral, antibacterial, and immunomodulatory 
activities.(6) From the end of the 19th to the beginning of the 
20th century, several Ag-based compounds and drugs were 
developed: collargol, protargol, elargol, silargel, argosulfan, 
and others. Some of them are still successfully used today.(1) 

After the discovery of penicillin, the first antibiotic, in 
1941, interest in silver as an antimicrobial drug disappeared for 
almost 40 years. Some experts believe that before the discovery 
of antibiotics, silver salts were one of the most widely used 
agents with antimicrobial activity.(7) However, the emergence 
of antibiotic-resistant strains of microorganisms has led to the 
search for new silver-based antibacterial drugs. In 1968, silver 
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sulfadiazine was introduced into clinical practice and began 
one of the most successful silver-containing antimicrobials. 
Since that time, topical silver sulfadiazine ointment has 
been the standard antibacterial treatment for major burns 
and is widely used in their therapy.(8) The therapeutic effect 
of silver sulfadiazine in the local treatment of wounds and 
wound infections is associated with its anti-inflammatory and 
antiseptic effects, as well as stimulation of the proliferation and 
differentiation of keratinocytes.(9)

Currently, one of the most effective topical Ag-based 
drugs for the local treatment of wounds and wound infections 
is silver sulfathiazole. According to immunohistochemical 
analysis, when using silver sulfathiazole for local therapy in 
the complex treatment of complicated diabetic foot syndrome, 
there is a decreased expression of CD68+ macrophages in the 
studied tissues of trophic ulcers and wounds. In a study by 
Kalinichenko et al.,(10) a gradual increase in the coefficient of 
macrophage activity in biopsy specimens, with the systematic 
achievement of a threshold level of 1.0, was a reliable sign of a 
better regenerative response and indicated the optimal nature of 
the course of the wound process. The use of silver sulfathiazole 
in the complex treatment of patients with diabetic foot syndrome 
reduced the intensity of inflammatory reactions and the content 
of C-reactive protein and neopterin,(11) and it had a protective 
effect on the vascular endothelium.(12)

In recent years, various silver-based dressings have been 
proposed for treating wounds (Silversel, Silverlon, Silvasorb, 
Contreet-H, Arglaes, Aquacel-Ag, Acticoat, Nucryst, and others). 
Such dressings have a more practical application than metallic 
silver or silver salts.(13) Several studies have noted a significant 
reduction in the time of wound cleansing and healing, in 
elimination of systemic manifestations of the infectious process, 
in duration of required antibacterial therapy, and in hospitalization 
in patients using silver-based dressings. Using silver-based 
dressings in a moist microenvironment creates optimal conditions 
for epithelization during the wound process.(14)

It is now generally accepted that silver is a broad-
spectrum antimicrobial agent. Because of the broad spectrum 
of antibacterial action, from bacteriostatic to bactericidal, 
Ag-based compounds have found wide applications in 
medicine.(15,16) In 2009, approximately 15 tons of silver were 
included in medical products worldwide.(17) 

New prospects for the medical use of silver are opening 
in connection with the production of its most unique form—
silver nanoparticles (AgNPs), which have more outstanding 
physiochemical and biological properties beyond bulk silver.(18) 

AgNPs can destroy multiple drug-resistant strains and prevent 
biofilm formation, indicating significant potential in antibacterial 
application.(19)

The antibacterial mechanisms of AgNPs have been 
discussed extensively, but the exact effect of AgNPs on 
bacteria is still undefined.(20) However, two mechanisms attract 
attention, namely contact killing and ion-mediated killing. 

Ionized silver can “attack” at least three cellular 
components: cell membranes, cytoplasmic organelles, and 
DNA.(21) Silver ions interact with membrane proteins and 
further block the respiratory chain.(22) It has been reported that 
AgNPs can anchor to the bacterial cell wall, causing physical 

changes in the bacterial membrane followed by its damage, 
which can lead to leakage of cellular contents and bacterial 
death.(23-25) After adhesion to the bacterial wall, AgNPs can 
also penetrate the bacteria through the membrane. Small 
nanoparticles, which have a larger surface area in contact 
with bacterial cells, can reach the cytoplasm more often than 
larger nanoparticles.(24) Once inside the microbial cell, AgNPs 
can interact with cellular structures and biomolecules such 
as proteins, lipids, and DNA, thereby leading to bacterial 
dysfunction and, ultimately, death.(26-29) It is also speculated 
that AgNPs interact effectively with the carboxyl and thiol 
groups of β-galactosidase and inhibit intracellular biological 
functions, leading to cell death.(30)

In addition, the antibacterial mechanism of AgNPs is 
also due to their ability to produce high levels of reactive 
oxygen species (ROS) and free radicals,(31-33) while suppressing 
the expression of antioxidant enzymes (glutathione [GSH], 
superoxide dismutase and catalase), thereby accelerating ROS 
accumulation.(34,35) The released Ag+ from AgNPs can interact 
with respiratory chain proteins on the membrane, interrupt 
intracellular O2 reduction, and induce ROS production.(36) In turn, 
the accumulation of ROS leads to an apoptosis-like response, 
lipid peroxidation, GSH depletion, and DNA damage.(37-39) 

Silver nanoparticles’ unique properties make them 
suitable catalysts in various chemical reactions. The enhanced 
antimicrobial and virucidal effects of AgNPs are explained 
by their increased reactivity. In the range of 1–100 nm, 
AgNPs are tens and hundreds of times more active than other 
known biocidal and antibiotic drugs and are considered more 
promising agents as an alternative to antibiotics.(40) In the 
available literature, we have not found data on the formation 
of resistance of microorganisms to AgNPs, which, according 
to several authors, opens the way to overcoming resistance to 
antibiotics.(40,41)

At the same time, some studies have reported bacterial 
resistance to AgNPs. In a study by Kaweeteerawat et al.,(42) 
it was found that AgNPs enhanced bacterial resistance 
to antibiotics by promoting stress tolerance by inducing 
intracellular ROS. In addition, the gram-negative bacteria 
Escherichia coli 013 and Pseudomonas aeruginosa CCM 
3955, and E. coli CCM 3954 can develop resistance to 
AgNPs after repeated exposure. This resistance was due 
to the production of flagellin, an adhesive protein of the 
bacterial flagellum, which caused the aggregation of AgNPs 
and thereby eliminated their antibacterial effect.(43) Genes 
encoding silver resistance were detected most frequently in 
Enterobacter spp. (48%), followed by Klebsiella spp.(41%) 
and Escherichia coli (4%).(44)

It was initially believed that AgNPs exert their activity 
only by releasing ions, acting as a depot. Modern research 
indicates that both ions and nanoparticles themselves exhibit 
activity.(45,46) Their pharmacological activity is based on the 
ability of silver to be an electron pair acceptor.(47,48) It has been 
demonstrated that the cellular membrane of bacteria has a 
negative charge due to the presence of carboxyl, phosphate, 
and amino groups.(49) The bactericidal efficiency of various 
positively and negatively charged silver nanoparticles has 
been extensively evaluated in the literature. The positively 
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charged silver nanoparticles showed the highest bactericidal 
activity against all microorganisms tested.(50) 

Thus, the interaction of Ag+ with a bacterial cell is 
complex and multifactorial.(51) Since the mechanism of action 
of AgNPs is not specific, AgNPs act almost equally on both 
gram-positive and gram-negative microflora.(1) Due to the 
multi-component mechanism of action, microorganisms’ 
resistance to Ag preparations rarely develops. The antifungal 
activity of silver preparations has also been described, with a 
predominantly positive mechanism of action in the form of 
cell membrane destruction.

In addition to antimicrobial and antifungal effects, Ag-
based drugs are characterized by local anti-inflammatory 
activity.(52) In contrast to the antimicrobial effect, the anti-
inflammatory effect of silver at the molecular level has not 
been sufficiently studied.(51) The acceleration of the transition 
of a wound from inflammation to regeneration in experiments 
on animal models is associated with an increase in the 
concentration of epithelial growth factor after the application 
of silver dressing to the wound.(8) Studies on human cells have 
found that application of silver at concentrations of 10–20 μg/
ml causes a decrease in TNF-α, IL, and IL-6.(53)

Despite significant clinical experience with the use of Ag-
based compounds in medical practice, the results of scientific 
studies of their effectiveness and safety have been regularly 
subjected to critical evaluation.(54) One potential adverse 
reaction of using silver preparations with local exposure to 
wounds is the risk of developing argyria.(55) It should also be 
noted that there may be a deposition of silver in the cutaneous 
scar tissue and a change in skin color with prolonged use of 
the silver dressing.(56) In vitro studies have shown that there 
is a difference between the number of fibroblasts and the 
amount of collagen they produce when exposed to silver and 
non-silver dressings. Silver dressings reduce the number of 
fibroblasts by 54%–70% and collagen by 48%–68%.(57)

The study of the effectiveness of Ag+ in antimicrobial 
agents has resumed. Published results of randomized clinical 
trials about the topical use of Ag-based preparations in the 
treatment of pressure ulcers,(58) microbially contaminated 
wounds with a high risk of infection,(59,60) acute wounds during 
vacuum therapy,(61) and colorectal(62-64) and plastic surgery(65,66) 

indicate their safety and clinical effectiveness.
A wide range of studies have focused on the use of 

AgNPs for wound healing. The use of AgNPs in ointments and 
dressings(67-70) for the purpose of preventing wound infection(71) 

and treating infected wounds(72) is said to be mandatory in 
many works. Many authors note the effectiveness of AgNPs 
as antibacterial agents,(73,74) as well as nanocomposites, which 
include silver in nanosized form(75,76) and nanofibers.(77,78) Some 
researchers have been able to combine the antibacterial and 
proliferative effects of Ag-nanocomposites. In burn wounds, 
they have been shown to induce the proliferation and migration 
of keratinocytes and fibroblasts, promoting accelerated wound 
healing in diabetic mice.(79,80) It was found that AgNPs stabilized 
with chitosan and polyvinyl alcohol not only inhibit the growth 
of bacteria but also can accelerate wound repair.(81,82)

In addition, AgNP targets mesenchymal stem cell 
proliferation and osteogenic differentiation in vitro.(83) Mouse 

models of burn wounds have demonstrated pronounced 
anti-inflammatory properties of polyamidoamine dendrimer-
stabilized AgNPs.(84)

One of the most important problems is the synthesis 
of sufficiently stable AgNPs of a given size that retain high 
chemical or biological activity for a long time. In this regard, 
when developing methods for synthesizing AgNPs, much 
attention is paid to the choice of stabilizers, which determine 
the. stability level of AgNPs.(85) One of the possible solutions 
to this problem was using sodium alginate, a biopolymer 
of plant origin.(86) It has been shown that sodium alginate 
macromolecules reduce Ag+ into small nanoparticles and 
simultaneously stabilize them. It has been observed that 
one composition not only combines the properties of two 
biologically active substances but also their synergy.(86)

The data analysis demonstrates the effectiveness of 
AgNPs as antibacterial and anti-inflammatory agents. Silver 
compounds have been shown to inhibit the growth and 
formation of bacterial biofilms.(87) In addition, it has been 
shown that the use of silver compounds in the treatment of 
wounds is also characterized by an improvement in the quality 
of life of patients and good cost-effectiveness. From this 
perspective, the development and introduction into clinical 
practice of new AgNP-based drugs for treating wounds and 
trophic ulcers, and the search for enhancing their bactericidal 
effect, is extremely relevant.
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Abstract
Background: Assessing the 10-year cardiovascular disease (CVD) risk is crucial for effective prevention and management. 

Despite its significance, information is limited on CVD risk among hypertensive patients in primary care in Central Vietnam. We 
conducted this study to estimate 10-year CVD risk in primary care settings and explore its associated risk factors, using the 2019 
WHO CVD risk chart.

Methods and Results: This cross-sectional study collected socio-demographic and clinical data through a standardized 
questionnaire. Cardiovascular risk was estimated using the WHO CVD risk charts for Southeast Asia. The prevalence of low, 
moderate, and high CVD risk was 52.1%, 38.9%, and 9.0%, respectively. Notably, men had significantly higher rates of moderate 
(48.6%) and high (17.6%) CVD risk than women (31.4 and 2.4%, respectively) (P<0.001). Age was a significant factor, with an 
increasing prevalence of moderate and high CVD risk as age advanced. Specifically, the 50-59 age group had a moderate risk 
of 18.6%, rising to 69.9% in the 70-74 age group. High CVD risk increased from 0.6% to 27.6% in the same age groups. Lower 
educational levels were associated with a higher proportion of moderate CVD risk. Smoking and excessive alcohol consumption 
were linked to elevated CVD risks (25.0% and 30.0%, respectively), surpassing those without these behaviors. Similar trends were 
observed for individuals with diabetes, high total cholesterol, and high blood pressure. 

Conclusion: Approximately one-tenth of hypertensive patients face a high risk of developing CVDs within the next 10 
years. A comprehensive approach, encompassing behavioral changes and the management of metabolic risk factors, is essential to 
reduce CVD risk effectively.(International Journal of Biomedicine. 2024;14(2):246-252.)
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Introduction
In 2019, CVDs accounted for 32% of global deaths, 

with more than 75% occurring in developing nations.(1) In 
Vietnam, the growing burden of heart-related issues stands out 
as a significant public health problem, reflecting the country’s 
rapid economic growth and lifestyle changes. Over the past 10 
years, CVDs have consistently been the leading cause of both 
death and disability in the country, with conditions like heart 
attacks and strokes contributing significantly. The prevalence 
of CVDs, including coronary artery disease and stroke, has 
consistently increased in recent years, making up 31% of all 
deaths in 2016, exceeding 170,000 fatalities.(2) Ischemic heart 
disease and stroke consistently ranked as leading causes of 
death in Vietnam.(3)

Predictable risk factors, such as age, gender, and lifestyle 
choices, significantly contribute to CVD development.(4-6) 

Among these, age is a non-modifiable factor, as the risk of CVD 
increases with advancing age. Age increases the risk of CVD, 
while gender differences tend to equalize post-menopause. 
Unhealthy dietary habits, tobacco use, family history, and 
physiological factors like hypertension, diabetes, and obesity 
further elevate cardiovascular risk (CVR). Awareness and 
management of these factors are vital for effective prevention.(4-6)

Calculating the 10-year CVD risk through risk prediction 
models proves to be a valuable tool for prevention and 
management.(7-9) This approach enables early identification 
of high-risk individuals, facilitating targeted interventions. 
Utilizing established charts assists healthcare providers in 
creating personalized treatment plans, optimizing resource 
allocation, and enhancing patient awareness. Given limited 
information on cardiovascular risk among hypertensive 
patients in CV’s community health centers, we conducted this 
study to estimate 10-year CVD risk in primary care settings 
and explore its associated risk factors, using the 2019 WHO 
CVD risk chart.(8)

Materials and Methods
Study Design and Population
This analysis draws on data from an ongoing cross-

sectional study, currently under peer review, aimed at 
evaluating medication adherence and hypertension knowledge 
among hypertensive patients in primary care settings across 
Central Vietnam. The dataset was obtained from community 
health centers in three provinces: Thua Thien Hue, Khanh Hoa, 
and Lam Dong, all situated in Central Vietnam. Within each 
province, one urban and one rural area were designated for 
inclusion in the study. Two to four community health centers 
in these areas were randomly selected to ensure a diverse 
participant pool. Recruitment followed a random process, 
selecting individuals at intervals of 5 from hypertensive 
patient lists at these community health centers, targeting 50 
to 70 participants. Eligibility criteria encompassed individuals 
aged 40 to 74 diagnosed with primary hypertension, with 
exclusion criteria applied to those receiving treatment for less 
than six months or experiencing secondary hypertension or 
hypertension related to pregnancy.

Sample Size and Data Collection
To achieve a 5% margin of error and a study power of 

99%, considering a reported medication adherence prevalence 
of 49.8% from a previous study, we calculated a sample size 
of 660 eligible subjects. To address potential non-response, 
we initially invited 792 patients, ultimately collecting data 
from 761 participants. Subsequently, we excluded 107 
participants with a known history of cardiovascular events 
(e.g., stroke, coronary heart diseases), resulting in a sample 
size of 654 participants for CVD risk assessment using the 
WHO chart.(8)

Selected participants were asked to visit local 
community health centers on weekend mornings after 
refraining from eating or drinking. They were also requested 
to bring accurate blood pressure and cholesterol readings. 
A semi-structured, interviewer-administered questionnaire 
adapted from the WHO STEPS instrument was employed 
for data collection on CVD risk factors.(11) Information 
encompassed basic details, anthropometric measurements, 
personal behaviors, medication adherence, hypertension 
knowledge, and health metrics, including blood pressure (BP) 
and cholesterol levels. All team members underwent training 
to ensure a clear understanding of the study objectives and 
proper data collection procedures. The survey was conducted 
from March to June in the year 2023.

Variables
The study utilized the updated WHO CVD 2019 risk 

charts for Southeast Asia to estimate the ten-year risk of 
fatal or non-fatal cardiovascular events among hypertensive 
patients.(8) These laboratory-based charts incorporated 
parameters such as diabetes status, sex, age groups, smoking 
habits, blood cholesterol levels, and systolic BP, offering 
precise risk scores for individuals aged 40 to 74 without 
established CVDs, categorized into five groups. In our study, 
participants were further grouped into risk categories: low 
[very low and low] (<10%), moderate (10%–<20%), and high 
[high and very high] (≥20%). Current smokers were defined 
as those currently using or having quit smoking within the 
last 12 months, while diabetes was diagnosed by medical 
professionals or by the use of insulin or oral hypoglycemic 
drugs at the time of our survey. Hypercholesterolemia was 
identified as a blood TC value of ≥5.1 mmol/L. Blood pressure 
was measured using automatic sphygmomanometers, and 
controlled hypertension was defined as systolic BP <140 
mmHg and diastolic BP <90 mmHg.(12)

Demographic information, personal medical history, 
and CVR factors were collected from participants. Education 
levels were stratified into three categories, depending on 
years of formal schooling: low (<6 years), middle (6-9 years), 
and high (>9 years). Occupations were grouped as manual 
workers (farmers, traders, housekeepers, and production 
roles), government staff, or other occupations (retirees, 
elderly, and unemployed). Most respondents belonged to the 
ethnic majority in Vietnam known as “Kinh.” Urban and rural 
residences were determined based on administrative divisions 
within each province. Physical activity was assessed using 
metabolically equivalent tasks per minute per week (MET/min/
week), with physical inactivity defined as having fewer than 
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600 MET/min/week of physical activity. Excessive alcohol 
consumption was categorized as more than 2 standard units 
per day or 14 standard units per week for men and more than 1 
standard unit per day or 7 standard units per week for women.
(11) Body mass index (BMI) was calculated as weight (kg) per 
height squared (m2), with overweight defined as BMI from 23 
to 24.9 kg/m2 and obesity as BMI ≥25 kg/m2.(13) Medication 
adherence was determined using the 5-item version of the self-
report Medication Adherence Report Scale (MARS-5), where 
scores from 5 to 23 indicated non-adherence and scores of 24 to 
25 were classified as adherent.(14)

Statistical analyses
We used EpiData Entry 3.1 to ensure precision in 

the data collection process. For descriptive and analytical 
purposes, we used SPSS 27.0. Inter-group comparisons were 
performed using the chi-square test. All analyses followed 
a two-sided approach; a probability value of P<0.05 was 
considered statistically significant.

Results
Table 1 outlines the socio-demographic characteristics of 

the 654 research participants. Among them, 370 were women, 
constituting 56.6% of the sample. Notably, individuals aged 60-
69 represented half of the participants, with a higher proportion 
of women in this age group (53.0% vs. 44.4%). In the 70-74 age 
group, nearly one-fifth of the participants were men, showing 
a higher proportion than women (22.2% vs. 16.2%). Ethnic 
minorities constituted 7.3% of the participants. In terms of 
educational attainment, 40% of participants had a high level of 
education, with a higher prevalence among men than women. 
Manual workers comprised three-quarters of the participants, with 
a higher proportion of women in this category. Conversely, among 
employed or retired individuals, men outnumbered women.

The prevalence of smoking was 23.3%, with a 
significantly higher prevalence in men (45,8%)  than in women 
(5.9%) (P<0.001). 

Table 1. 
Socio-demographic and clinical characteristics of the study population by gender. 

Characteristics Men
n (%)

Women
n (%)

Total
n (%)

P-value

Overall (n) 284 370 654

Age group

40-49 30 (10.6) 23 (6.2) 53 (8.1)

0.02450-59 65 (22.9) 91 (24.6) 156 (23.9)
60-69 126 (44.4) 196 (53.0) 322 (49.2)
  70-74 63 (22.2) 60 (16.2) 123 (18.8)

Residence Urban 141 (49.6) 173 (46.8) 314 (48.0) 0.46Rural 143 (50.4) 197 (53.2) 340 (52.0)

Ethnicity
Ethnic majority 263 (92.6) 343 (92.7) 606 (92.7)

0.95
Ethnic minorities 21 (7.4) 27 (7.3) 48 (7.3)

Educational level
Low 49 (17.3) 151 (40.8) 200 (30.6)

<0.001Medium 95 (33.5) 103 (27.8) 198 (30.3)
High 140 (49.3) 116 (31.4) 256 (39.1)

Occupation
Manual worker 166 (58.5) 274 (74.1) 440 (67.3)

<0.001Governmental staff 28 (9.9) 17 (4.6) 45 (6.9)
Retired, Unemployed 90 (31.7) 79 (21.4) 169 (25.8)

Health insurance Yes 275 (96.8) 350 (94.6) 625 (95.6) 0.169No 9 (3.2) 20 (5.4) 29 (4.4)

Smoking Yes 130 (45.8) 22 (5.9) 152 (23.2) <0.001No 154 (54.2) 348 (94.1) 502 (76.8)
Excessive alcohol
consumption

Yes 19 (6.7) 1 (0.3) 20 (3.1) <0.001No 265 (93.3) 369 (99.7) 634 (96.9)

Physical inactivity Yes 156 (54.9) 237 (64.1) 393 (60.1) 0.018No 128 (45.1) 133 (35.9) 261 (39.9)

Fruits & Vegetables ≥5 servings/day 176 (62.0) 236 (63.8) 412 (63.0) 0.634<5 servings/day 108 (38.0) 134 (36.2) 242 (37.0)

BMI

Underweight 158 (55.6) 189 (51.1) 29 (4.4)

0.402Normal weight 13 (4.6) 16 (4.3) 347 (53.1)
Overweight, 52 (18.3) 88 (23.8) 140 (21.4)

Obesity 61 (21.5) 77 (20.8) 138 (21.1)

Diabetes
Yes 37 (13.0) 48 (13.0) 85 (13.0)

1.00No 204 (71.8) 265 (71.6) 469 (71.7)
Unknown 43 (15.2) 57 (15.4) 100 (15.3)

High TC
Yes 157 (55.3) 214 (57.8) 371 (56.7)

0.513No 127 (44.7) 156 (42.2) 283 (43.3)
Hypertension
control

Yes 220 (77.5) 319 (86.2) 539 (82.4) 0.004No 64 (22.5) 51 (13.8) 115 (17.6)
Medication 
adherence

High 153 (53.9) 172 (46.5) 325 (49.7) 0.061Low 131 (46.1) 198 (53.5) 329 (50.3)
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Excessive alcohol consumption was found in 3.1% of the 
population, predominantly in men (6.7%), with a statistically 
significant difference (P<0.001). The prevalence of physical 
inactivity and overweight was higher in women than in men 
(64.1% vs. 54.9% and 23.8% vs. 18.3%, respectively). The 
prevalence of diabetes and high cholesterol stood at 13% and 
56.7%, respectively, with no significant gender difference. 
Hypertension control was achieved in 82.4% of cases, with a 
higher proportion observed in women than in men (86.2% vs. 
77.5%, P=0.004) (Table 1).

Table 2 displays the distribution of 10-year CVD risk 
across demographic factors. The prevalence of low, moderate, 
and high CVD risk was 52.1%, 38.9%, and 9.0%, respectively. 
Notably, men had significantly higher rates of moderate (48.6%) 
and high (17.6%) CVD risk than women (31.4 and 2.4%, 
respectively) (P<0.001). Age was a significant factor, with an 
increasing prevalence of moderate and high CVD risk as age 
advanced. Specifically, the 50-59 age group had a moderate risk 
of 18.6%, rising to 69.9% in the 70-74 age group. High CVD 
risk increased from 0.6% to 27.6% in the same age groups. 

Table 2.
Distribution of 10-year risk for fatal or non-fatal cardiovascular events based on background characteristics.

Characteristics CVD risk
P-valueLow 

(<10%), n (%)
Moderate

(10-20%), n (%)
High 

  (>20%), n (%)
Overall 341 (52.1) 254 (38.9) 59 (9.0)

Gender
Men 96 (33.8) 138 (48.6) 50 (17.6)

<0.001
Women 245 (66.2) 116 (31.4) 9 (2.4)

Age group

40-49 51 (96.2) 2 (3.8) 0 (0.0)

<0.00150-59 126 (80.8) 29 (18.6) 1 (0.6)
60-69 161 (50.0) 137 (42.5) 24 (7.5)
 70-74 3 (2.4) 86 (69.9) 34 (27.6)

Residence Urban 160 (51.0) 116 (36.9) 38 (12.1) 0.029Rural 181 (53.2) 138 (40.6) 21 (6.2)

Ethnicity Ethnic majority 310 (51.2) 240 (39.6) 56 (9.2) 0.188Ethnic minorities 31 (64.6) 14 (29.2) 3 (6.3)

Educational level
Low 86 (43.0) 96 (48.0) 18 (9.0)

0.016Medium 117 (59.1) 65 (32.8) 16 (8.1)
High 138 (53.9) 93 (36.3) 25 (9.8)

Occupation
Manual worker 251 (57.0) 162 (36.8) 27 (6.1)

<0.001Governmental staff 31 (68.9) 12 (26.7) 2 (4.4)
Retired, Unemployed 59 (34.9) 80 (47.3) 30 (17.8)

Health Insurance Yes 324 (51.8) 245 (39.2) 56 (9.0) 0.677No 17 (58.6) 9 (31.0) 3 (10.3)

Home BP monitoring Yes 137 (50.2) 107 (39.2) 29 (10.6) 0.429No 204 (53.5) 147 (38.6) 30 (7.9)

Smoking Yes 29 (19.1) 85 (55.9) 38 (25.0) <0.001No 312 (62.2) 169 (33.7) 21 (4.2)
Excessive alcohol
consumption

Yes 7 (35.0) 7 (35.0) 6 (30.0) 0.004No 334 (52.7) 247 (39.0) 53 (8.4)

Physical inactivity Yes 196 (49.9) 157 (39.9) 40 (10.2) 0.253No 145 (55.6) 97 (37.2) 19 (7.3)

Fruits & Vegetables ≥5 servings/day 223 (54.1) 152 (36.9) 37 (9.0) 0.380<5 servings/day 118 (48.8) 102 (42.1) 22 (9.1)

BMI

Underweight 10 (34.5) 17 (58.6) 2 (6.9)

0.131
Normal weight 173 (49.9) 137 (39.5) 37 (10.7)

Overweight 76 (54.3) 54 (38.6) 10 (7.1)
Obesity 82 (59.4) 46 (33.3) 10 (7.2)

Diabetes
Yes 18 (21.2) 48 (56.5) 19 (22.4)

<0.001No 272 (58.0) 165 (35.2) 32 (6.8)
Unknown 51 (51.0) 41 (41.0) 8 (8.0)

High TC Yes 175 (47.2) 154 (41.5) 42 (11.3) 0.005No 166 (58.7) 100 (35.3) 17 (6.0)
Hypertension
control

Yes 309 (57.3) 196 (36.4) 34 (6.3) <0.001No 32 (27.8) 58 (50.4) 25 (21.7)
Medication
adherence

High 164 (50.5) 127 (39.1) 34 (10.5)
0.398Low 177 (53.8) 127 (38.6) 25 (7.6)



250                                         H. A. Hien et al. / International Journal of Biomedicine 14(2) (2024) 246-252

Urban areas exhibited a higher prevalence of high CVD 
risk (12.1%) than rural areas (6.2%). Lower educational levels 
were associated with a higher proportion of moderate CVD 
risk. Smoking and excessive alcohol consumption were linked 
to elevated CVD risks (25.0% and 30.0%, respectively), 
surpassing those without these behaviors. Similar trends 
were observed for individuals with diabetes, high TC, and 
high BP. However, no significant differences were found in 
terms of physical inactivity, fruit and vegetable consumption, 
BMI, hypertension knowledge, or hypertension medication 
adherence.

Distinct patterns in the prevalence of elevated CVD risk 
emerged across age groups stratified by gender. Among men, 
the prevalence of high CVD risk increased notably, escalating 
from 1.5% in the 50-59 age group to 17.5% in the 60-69 age 
group and 42.9% in the 70-74 age group. In contrast, this 
increase was more gradual among women, starting at 1% in 
the 60-69 age group and reaching 11.7% in the 70-74 age 
group. The proportion of moderate CVD risk in the 50-59 
and 60-69 age groups was significantly higher in men than in 
women (36.9% and 60.3% vs. 5.5% and 31.1%, respectively). 
However, in the 70-74 age group, this proportion was higher 
in women (83.3% vs. 57.1%). Additionally, the proportion 
of low CVR in women exceeded that in men across all age 
groups (Table 3).

Discussion
Using a 10-year CVR chart is crucial in both clinical 

practice and community health for prevention. Firstly, it provides 
a standardized and evidence-based tool to assess an individual’s 
risk of developing CVDs over a specific timeframe. This allows 
healthcare professionals to stratify patients based on risk levels, 
facilitating targeted interventions and personalized preventive 
strategies. Secondly, risk charts, such as the WHO CVD risk 
chart for Southeast Asia, integrate various risk factors, including 
age, gender, smoking, diabetes, TC, and hypertension, providing 
a comprehensive evaluation. In hypertensive patients, the CVD 
risk could be much higher than in the general community. In 
resource-limited areas like community health centers in Central 

Vietnam, employing such a tool enables primary healthcare 
practitioners to make informed decisions, optimize resource 
allocation, and improve CVD prevention and management 
outcomes. Our study provides information on the 10-year CVD 
risk in hypertensive patients in primary care settings in Central 
Vietnam.

In the present study, the overall prevalence of low, 
moderate, and high CVD risk was 52.1%, 38.9%, and 9.0%, 
respectively. It is crucial to note that the distribution of CVD 
risk varies across different countries in Asia.(15-18) Mongolia, 
Malaysia, and Cambodia exhibit notably low CVD risk, 
ranging from 89.6% in Mongolia to 94.4% in Malaysia and 
97% in Cambodia.(17) Notably, the percentage of the population 
at high CVD risk is highest in Mongolia at 6%, compared to 
2.3% in Malaysia and 1.3% in Cambodia. Bangladesh and 
Oman show an increase in the proportion of high CVD risk.
In Bangladesh,(16) the prevalence of low, moderate, and high 
CVD risk was 69.5%, 25.9%, and 1.7%, respectively, while 
in Oman,(19) these proportions were 68.0%, 19.1%, and 
12.9%, respectively. These differences could be attributed to 
distinct participant characteristics in each country. It is worth 
highlighting that the moderate and high CVD risk observed 
in our study is comparatively higher, given that we focused 
on estimating the 10-year CVD risk in hypertensive patients. 

In our study, the prevalence of moderate and high CVD 
risk was significantly higher in men than in women. Moreover, 
these proportions increased with age, although the trends varied 
between genders. Among men, the prevalence of high CVD 
risk exhibited a notable rise, escalating from 0% in the 40-49 
age group to 17.5% in the 60-69 age group and 42.9% in the 
70-74 age group. In contrast, the increase was more gradual 
among women, starting at 0% in the 40-59 age group, rising 
to 1% in the 60-69 age group, and reaching 11.7% in the 70-
74 age group. Similar patterns were observed in other Asian 
countries.(16-18) For instance, in Bangladesh,(16) the proportion of 
persons with high CVD risk increased from 0% in the 40–49 
age group to 12.3% in those aged 70+, with a higher prevalence 
in men (17.6%) than in women (2.4%). In Cambodia,(17) high 
CVD risk among men increased from 0.6% in the 40-49 age 
group to 6.8% in the 60-64 age group, while among women, 
it increased from 0.2% to 3.4% in the same age groups. The 
observed gender differences in CVD risk can be attributed to 
the interplay of biological, hormonal, and lifestyle factors. 
Lifestyle choices such as higher rates of smoking and excessive 
alcohol consumption are more common in men, contributing 
to an elevated risk of cardiovascular events. Estrogen, the 
predominant hormone in women, is believed to have protective 
effects on the cardiovascular system. Therefore, considering 
male patients in CVD prevention and management is crucial to 
reduce the overall burden on the community.

The association between CVD risk and educational 
levels was evident in our study, aligning with findings from 
prior research in Nepal (18) and Oman.(19) For example, 52.3% of 
participants with no formal education exhibited elevated CVD 
risk compared to 16.0% among those with higher education in 
Oman. Educational levels have a discernible impact on patient 
knowledge and health behavior, a significance underscored 
by the prevalence of high-risk CVD cases among elderly 

Table 3.
Variation in CVD risk levels across age and gender of participants.

Gender Age group

CVD risk
Low

(<10%)
n (%)

Moderate
(10-20%)

n (%)

High
     (>20%)

  n (%)

Men

40-49 28 (93.3) 2 (6.7) 0 (0.0)
50-59 40 (61.5) 24 (36.9) 1 (1.5)
60-69 28 (22.2) 76 (60.3) 22 (17.5)
70-74 0 (0.0) 36 (57.1) 27 (42.9)

Women

40-49 23 (100.0) 0 (0.0) 0 (0.0)
50-59 86 (94.5) 5 (5.5) 0 (0.0)
60-69 133 (67.9) 61 (31.1) 2 (1.0)
70-74 3 (5.0) 50 (83.3) 7 (11.7)
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individuals with lower educational attainment in our study. 
Enhancing knowledge and awareness of risk factors is crucial 
for preventing and mitigating CVD risk, as emphasized by the 
study conducted by Kubota.(20) Risk factors such as smoking, 
diabetes, high BP, and high TC were identified as significant 
contributors to increased CVD risk, aligning with key elements 
in various risk charts predicting CVD and corroborating 
findings from previous studies.(4,5,7,9)

Strengths and Limitations
This study represents the pioneering effort to estimate the 

total 10-year CVD risk among hypertensive patients in primary 
care settings in Central Vietnam. Our research adopts a novel 
approach, employing the updated WHO CVD 2019 risk chart. 
This chart, rooted in extensive research and epidemiological 
data, establishes a robust foundation for accuracy and reliability. 
Its simplicity and user-friendly design enhance accessibility for 
a diverse range of healthcare professionals, allowing for a swift 
assessment of CVR without the need for intricate calculations. 
The evidence generated from our study holds significance for 
healthcare planners and researchers, offering valuable insights 
for the development of effective interventions.

Despite these strengths, our study has certain limitations. 
The risk charts are primarily designed based on data from 
specific populations in Southeast Asia, lacking specificity for the 
Vietnamese population. While these charts encompass common 
risk factors like age, gender, smoking status, BP, and cholesterol 
levels, they may not fully consider emerging risk factors or 
individual variations that could influence cardiovascular risk. 
Consequently, there is a potential for underestimating CVD 
risk, a general limitation inherent in almost all CVD risk charts. 
Recognizing these limitations is crucial for interpreting the 
findings and underscores the need for ongoing research to refine 
risk assessments for specific populations.

Conclusion
The 10-year CVR among hypertensive patients in 

primary care settings in Central Vietnam emerged as notably 
high. The distribution revealed that 52.1% had low risk, 38.9% 
moderate risk, and 9.0% high risk. Moreover, the incidence of 
high CVD risk was significantly higher in men than in women, 
rising with advancing age. Educational level, occupation, 
smoking, excessive alcohol consumption, diabetes, high TC, 
and high BP emerged as robust indicators strongly associated 
with CVD risk. These findings highlighted the imperative 
of formulating and implementing targeted interventions for 
hypertensive patients in primary care settings, aiming to reduce 
the burden of CVDs. Recognizing the multifactorial nature of 
CVD risk and addressing these modifiable risk factors through 
tailored interventions is paramount for enhancing preventive 
strategies and overall cardiovascular health in this population. 
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Abstract
Background: The purpose of our study was a comparative assessment of the antihypertensive effectiveness of 2 triple 

combination antihypertensive therapy (AHT) regimens in a free-dose and fixed-dose combination of perindopril, indapamide, and 
amlodipine in hypertensive patients with high cardiovascular risk and a poor response to the 2-drug combinations in the clinic 
practice.

Methods and Results: Our study included 143 patients (79 men and 88 women) with arterial hypertension (AH) Grades 1-3 
(ESC/ESH, 2018) and high cardiovascular risk who did not achieve the target blood pressure on dual combination AHT. The mean 
age of patients was 55.76±9.35 years; the average duration of AH was 10.69±6.61 years. All patients underwent the examinations 
according to the 2018 ESC/ESH Guidelines for the management of arterial hypertension.

Patients included in the study were divided into 2 groups using the envelope method: Group 1 (n=84) received a fixed-
dose, triple combination of perindopril, indapamide, and amlodipine; Group 2 (n=83) received a free-dose combination of 
these drugs. In both groups, treatment began after discontinuation of previous therapy, with a low dose of a triple combination 
of antihypertensive drugs (perindopril [5 mg/day], indapamide [1.25 mg/day], amlodipine [5 mg/day]) in the form of a fixed 
or free combination. The initial doses of perindopril/indapamide/amlodipine in both groups were not statistically different: 
6.9±2.4/1.74±0.6/7.1±2.4 mg/day in Group 1 and 6.9±2.7/1.95±0.6/7.1±2.5 mg/day in Group 2. After 4 weeks of therapy, if 
necessary, the doses of drugs were increased, starting with perindopril; the next adjustment of drug doses was carried out after 
12 weeks of therapy. The final treatment results were determined after 24 weeks of AHT.

Target blood pressure of <140/90 mmHg was reached by 94.4% of patients in Group 1 and 83.3% in Group 2 (χ²=7.471, 
Р=0.006). Target blood pressure of <130/80 mmHg was reached by 70% of patients in Group 1 and 42% in Group 2 (χ²=11.61, 
Р=0.0001). A significant improvement in the diurnal BP profile was also revealed during treatment. According to 24-hour 
ambulatory blood pressure monitoring data, both groups achieved target blood pressure in terms of the average 24-h and average 
daytime systolic blood pressure (SBP) and diastolic blood pressure (DBP). Regarding average nighttime SBP and DBP and 
normalization of average nighttime diastolic blood pressure variability, target values were achieved only in Group 1 (P=0.028). 
In both groups, 24-week triple-combination therapy led to a significant decrease in central SBP, central DBP, and pulse wave 
velocity. At the same time, the positive dynamics of central SBP were more pronounced in Group 1 than in Group 2, and pulse 
wave velocity in Group 1 reached standard values.

Conclusion: The results of our study showed that in the treatment of uncontrolled hypertension on previous therapy in 
AH patients with high cardiovascular risk, a single-pill triple combination of the ACEI perindopril, the CCB amlodipine, and 
the thiazide-like diuretic indapamide contributed to the effective daily blood pressure control, the improvement of diurnal 
blood pressure profile, and a positive effect on central blood pressure and pulse wave velocity, thereby having a positive impact 
on the prognosis and quality of life of AH patients with high cardiovascular risk.(International Journal of Biomedicine. 
2024;14(2):253-259.)

Keywords: arterial hypertension • antihypertensive therapy •  target blood pressure • single-pill triple combination

For citation: Shukurova DYu, Khamidullaeva GA, Abdullaeva GZh, Yusupova KhF, Yuldasheva AD, Fayzullaeva Sh, Safarov ZhB, 
Masharipov ShM. Clinical Effectiveness of the Fixed‐Dose vs Free‐Dose Triple Combinations in Patients with Uncontrolled 
Arterial Hypertension. International Journal of Biomedicine. 2024;14(2):253-259. doi:10.21103/Article14(2)_OA2



254                                     D. Yu. Shukurova et al. / International Journal of Biomedicine 14(2) (2024) 253-259

Abbreviations
ABPM, 24-hour ambulatory blood pressure monitoring; AH, 
arterial hypertension; AHD, antihypertensive drug; AHT, 
antihypertensive therapy; ACEI, angiotensin-converting 
enzyme inhibitor; ARB, angiotensin receptor blocker; BP, 
blood pressure; BPV, BP variability; CCB, calcium channel 
blocker; CHD, coronary heart disease; CIMT, carotid intima-
media thickness; CHF, chronic heart failure; DBP, diastolic BP; 
DBPc, central DBP; DBPV, diastolic BPV; eGFR, estimated 
glomerular filtration rate; FBG, fasting blood glucose; HR, 
heart rate; HDL-C, high-density lipoprotein cholesterol; LVDD, 
left ventricular diastolic dysfunction; LVH, left ventricular 
hypertrophy; LVMI, left ventricular mass index; LDL-C, low-
density lipoprotein cholesterol; MAU, microalbuminuria; MBP, 
mean BP; PP, pulse pressure; PPc, central PP; PWV, pulse wave 
velocity; RAAS, renin-angiotensin-aldosterone system; SBP, 
systolic BP; SBPc, central SBP; SBPV, systolic BPV; SPTC, 
single-pill triple combination; TBP, target BP; T2DM, type 2 
diabetes mellitus; TC, total cholesterol; TG, triglycerides.

Introduction   
The combined antihypertensive therapy (AHT) is the 

regimen of choice in patients with arterial hypertension (AH) 
Grades 1-3 (ESC/ESH, 2018)(1) and high cardiovascular risk. 
In ESH/ESC-2018 and ESH-2023 recommendations,(1,2) a 
double combination of antihypertensive drugs is the starting 
step in the treatment of AH patients with high cardiovascular 
risk, which accounts for 70%-80% of hypertensive patients.
It is recommended to start combining AHT with a dual-
combination of antihypertensive drugs, one of which is an 
RAAS blocker and the other - a calcium channel blocker (CCB) 
or a diuretic, preferably in a single pill. Often, AH patients with 
high cardiovascular risk are resistant to the dual-combination 
and require switching to a triple combination AHT, consisting 
of ACEI/ARB, CCB, and diuretics, also preferably in a single-
pill triple combination (SPTC), to increase patient adherence 
to therapy.(1) According to multicenter studies, about 30% 
of AH patients with high cardiovascular risk need a triple 
antihypertensive combination.(3)

High adherence to AHT is the main requirement for 
achieving the target blood pressure (TBP). According to the 
2018 ESH/ESH Guidelines for the management of AH,(1) the 
primary target SBP and DBP are <140 mmHg and <90 mmHg, 
respectively. At the same time, for hypertensive patients aged 
18-64 years without serious renal pathology, the recommended 
target SBP and DBP is ≤130/80 mmHg but not lower than 
120/70 mmHg. 

A SPRINT study recruited 9,361 adults ≥50 years of age 
who were at increased risk for cardiovascular disease and had 
an average SBP of 130–180 mmHg. They were randomized 
to the SPB treatment goal of either <120 mmHg (Intensive) 
or <140 mmHg (Standard). In the 2015 SPRINT main results 
report, the primary outcome and all-cause mortality were 25% 
(P<0.001) and 27% (P=0.003) lower in the Intensive than in 
the Standard group.(4) This included a 43% reduction (P=0.005) 
in cardiovascular death and a 38% reduction  (P=0.002) in 

acute decompensated heart failure. The SPRINT findings 
indicated that more intensive blood pressure (BP) reduction 
yields substantial health benefits that outweigh the risks of 
adverse events (hypotension, syncope, electrolyte imbalance, 
and acute kidney injury).(5)

The purpose of our study was a comparative assessment 
of the antihypertensive effectiveness of 2 triple combination 
AHT regimens in a free-dose and fixed-dose combination of 
perindopril, indapamide, and amlodipine in AH patients with 
high cardiovascular risk and a poor response to the 2-drug 
combinations in the clinic practice.

Materials and Methods
Our study included 143 patients (79 men and 88 women) 

with AH Grades 1-3 (ESC/ESH, 2018) and high cardiovascular 
risk who did not achieve the TBP on dual combination AHT. 
The mean age of patients was 55.76±9.35 years; the average 
duration of AH was 10.69±6.61 years. 

Based on the anamnestic data and examination results, 
some associated stable clinical conditions were diagnosed 
(CHD [angina pectoris FC I-II], T2DM, CHF [NYHA FC 
I-II]), which were included in the study. 

Exclusion criteria were symptomatic hypertension, 
acute coronary syndrome, CHF (NYHA FC>III), cardiac 
arrhythmia, history of myocardial infarction, renal impairment, 
severe co-morbidities.

Patients included in the study were divided into 2 
groups using the envelope method: Group 1 (n=84) received 
a fixed-dose, triple combination of perindopril, indapamide, 
and amlodipine; Group 2 (n=83) received a free-dose 
combination of these drugs. In both groups, treatment began 
after discontinuation of previous therapy, with a low dose of 
a triple combination of antihypertensive drugs (perindopril [5 
mg/day], indapamide [1.25 mg/day], amlodipine [5 mg/day]) 
in the form of a fixed or free combination. The initial doses 
of perindopril/indapamide/amlodipine in both groups were 
not statistically different: 6.9±2.4/1.74±0.6/7.1±2.4 mg/day 
in Group 1 and 6.9±2.7/1.95±0.6/7.1±2.5 mg/day in Group 2. 
After 4 weeks of therapy, if necessary, the doses of drugs were 
increased, starting with perindopril; the next adjustment of 
drug doses was carried out after 12 weeks of therapy. The final 
treatment results were determined after 24 weeks of AHT.

All patients underwent the following examinations: 
assessment of traditional risk factors, physical examination, 
clinical and biochemical laboratory methods, 12-lead ECG, 
echocardiography, and 24-hour ABPM. Office BP was 
measured using a mercury sphygmomanometer, according 
to Korotkov’s method. Blood pressure was measured 3 
times, and the means of these measurements were used in the 
analyses. The 24-hour ABPM was performed using a BR-102 
plus (SCHILLER, Switzerland). BP was measured during the 
daytime (07:00–23:00) every 30 min and at night (23:00–
07:00) every 60 min.

The pulse contour analysis was carried out using the 
SphygmoCor device (AtCor Medical, Australia), which 
obtains peripheral arterial pressure waveforms by applying 
an arterial applanation tonometer to the wrist. Such indicators 
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as the central SBP (SBPc), central DBP (DBPc), central PP 
(PPc), and pulse wave velocity (PWV) were analyzed.

All patients underwent echocardiography with the 
determination of the left ventricular mass index (LVMI), 
left ventricular hypertrophy(1) and left ventricular diastolic 
dysfunction (LVDD); ultrasound examination of the carotid 
intima-media thickness (CIMT), as well as the determination 
of the level of microalbuminuria (MAU), blood creatinine, 
and glomerular filtration rate (GFR) calculation according to 
the CKD-EPI equation. 

Blood levels of TC, TG, HDL-C, LDL-C, and VLDL-C 
were determined in the venous blood using automatic biochemical 
analyzer Daytona (RANDOX, United Kingdom) and RANDOX 
test systems by the enzymatic colorimetric method. 

Statistical analysis was performed using the statistical 
software «Statistica» (v10.0, StatSoft, USA).  The normality of 
distribution of continuous variables was tested by the Kolmogorov-
Smirnov test with the Lilliefors correction and Shapiro-Wilk test. 
Baseline characteristics were summarized as frequencies and 
percentages for categorical variables and as median (Me) and 
interquartile range (IQR [Q1; Q3]), mean±standard deviation 
(SD) for continuous variables. For data with normal distribution, 
inter-group comparisons were performed using Student’s t-test. 
The Mann-Whitney U Test was used to compare the differences 
between the two independent groups (for nonparametric data). 
Group comparisons with respect to categorical variables were 
performed using chi-square test. A probability value of P<0.05 
was considered statistically significant.

Results
At the initial stage of the study, patients in both groups 

did not differ in gender and age, risk factors, markers of 
target organ damage, biochemical parameters, and associated 
clinical conditions (Table 1). 

According to the average values of SBP (171.06±17.7 
mmHg) and DBP (100.06±8.7 mmHg), the patients were 
characterized by AH Grade 2 (Table 2).

Against a background of 24-week treatment, the 
obtained indicators in 2 modes of triple combined AHT were 
analyzed comparatively. A highly significant reduction in BP 
using different types of measurements was obtained in both 
groups (Table 3). 

Characteristics General group
(n=167)

Group 1
(n=84)

Group 2
(n=83)

Women, n (%) 88 (52.7%) 34 (40.5%) 54 (65%)

Men, n (%) 79 (47.3%) 43 (51.2%) 36 (43.4%)

Current smoker, n (%) 30 (18.0%) 12 (14.3%) 18 (21.7%)

CHD (FC I-II) 91 (54.5%) 42 (50%) 49 (59%)

T2DM, n (%) 26 (15.6%) 12 (14.3%) 14 (16.9%)

History of stroke, n (%) 5 (3.0%) 3 (3.57%) 2 (2.4%)

CHF (NYHA FC I-II), n (%) 55 (33.0%) 28 (33.3%) 27 (32.5%)

BMI >30 kg/m2, (n / %) 100 (60%) 50 (59,5%) 50 (60,2%)

LVH, (n / %) 138 (82.6%) 68 (81%) 70 (84.3%)

LVDD, (n / %) 38 (22.7%) 20 (25.8%) 18 (21.7%)

CIMT ≥0.9 mm, (n / %) 140 (83.8%) 68 (81%) 72 (86.7%)

MAU, n (%) 60 (36%) 33 (39.3%) 27 (32.5%)

PWV >10 m/sec, (n / %) 80 (48%) 42 (50%) 38 (45.8%)
.

Table 1.
Clinical characteristics of AH patients.

Variable

General group
(n=167)

Group 1
(n=84)

Group 2
(n=83)

М±SD
Me [Q1; Q3]

М±SD
Me [Q1; Q3]

М±SD
Me [Q1; Q3]

Age, years 55.68±9.8
49 [58;73]

54.9±10.3
31 [54;72]

56.3±9.3
26[59;73]

AH duration, 
years

10.7±6.6
5 [10;44]

11.2±7.9
1 [10;44]

10.28±5.2
1 [10;26]

BMI 
(kg/m²)

32.3±5.07
22.8 [32;46]

32.9±5.2
22.1 [32.7;44.2]

31.7±4.9
16.7 [31.3;46.8]

SBP, mmHg 171.06±17.7
160 [170;240]

171.3±17.2
140 [170;240]

170.7±18.2
140 [170;240]

DBP, mmHg 100.06±8.7
100 [100;140]

100.8±8.2
80 [100;140]

99.38±9.2
65 [100;140]

MBP, mmHg 122.9±9.9
120 [123;173]

122.6±8.6
106.6 [123.3;150]

123.2±11
98.3 [123.3;73.3]

PWV, m/sec 10.9±2.4
9.4 [10.8;22.8]

10.8±2.4
6.4 [10.5;19.2]

11±2.4
7 [11;22.8]

LVMI, g/m2 139.9±32.8
136.8 [117.2;237.6]

139.19±32.7
136.6 [116,8;208.6]

140.8±32.9 
137.9 [121;237.6]

CIMT, mm 1.027±0.19
1 [0.9;1.5]

1.02±0.19
1 [0.7;1.5]

1.03±0.19
1 [0.5;1.5]

FBG, mmol/L 6.14±2.29
5 [5.4;16.5]

6.28±2.5
4.1 [5.4;15.6]

6.01±2.06
4.2 [5.4;16.5]

Creatinine, 
µmol/L

94.5±22.2
79 [92;207]

93.79±23.6
51 [91;207]

95.2±21.02
51 [95;144]

eGFR
mL/min/1.73m²

70.25±17.1
57.15 [67.4;120.68]

73.1±17.58
28 [70;112.35]

67.66±16.4
34.8 [64;120.68]

MAU, 
mg/24-h

43.6±42.06 
29.8 [15.1;218.8]

45.7±41.5
32.5 [16.2;212.8]

41.4±42.4
25.4 [14.7;200.0]

Uric acid, 
mg/dL

6.25±1.65
5.1 [6.2;11.2]

6.15±1.4
3.1 [6.2;9.4]

6.35±1.8
2.6 [6.2;11.2]

TC, 
mg/dL

205±47.8
169 [205;364]

202.96±47.9
97 [207;321]

202.96±47.9
102 [203;364]

ТG, 
mg/dL

166.8±83.2
105.25 [151;407]

164.87±82.6
60 [143.5;402]

168.2±83.8
6.7 [157;407]

LDL-C, 
mg/dL

122.02±43.6
100 [123;274]

122.13±46.4
5 [124;246]

121.7±41.2
29 [122;274]

HDL-C, 
mg/dL

44.26±11.1
37 [43;97]

44.35±11.9
24 [43;97]

44.16±10.3
24 [43;80]

Atherogenic
index

3.64±1.16
3 [3.4;7.1]

3.67±1.25
2 [3.4;7.1]

3.60±1.08
2 [3.4;6.9]

Table 2. 
Indicators of clinical, functional, and laboratory data in the study 
groups at the initial examination stage and after 24 weeks of AHT.
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Variable Group Initial data After 24-week
AHT Р1 Р2 Р3

SBP, mmHg
1 171.3±17.2 121.95±6.7 0.0001

NS 0.0001
2 170.7±18.2 128.38±8.5 0.0001

DBP, mmHg
1 100.8±8.2 77.23±5.59 0.0001

NS 0.0001
2 99.38±9.2 80.89±6.38 0.0001

MBP, mmHg
1 122.64±8.92 92.23±5.47 0.0001

NS 0.0001
2 123.53±10.59 96.72±6.18 0.0001

Average 24-h SBP, mmHg
1 147.23±15.37 124.53±9.64 0.0001

NS NS
2 145.98±20.24 127.2±13.03 0.0001

Average 24-h DBP, mmHg
1 89.01±11.34 75.77±6.11 0.0001

NS NS
2 88.86±14.26 77.74±11.13 0.0001

Average daytime SBP, mmHg
1 149.24±15.26 126.89±10.2 0.0001

NS NS
2 147.38±20.33 129.22±13.65 0.0001

Average daytime DBP, mmHg
1 90.49±11.45 77.61±6.84 0.0001

NS NS
2 89.98±14.08 79.86±11.89 0.0001

Average nighttime SBP, mmHg
1 141.03±20.32 118.28±10.24 0.0001

NS 0.017
2 141.76±23.53 123.12±15.32 0.0001

Average nighttime DBP, mmHg.
1 84.49±13.66 70.01±7.86 0.0001

NS NS
2 85.4±16.81 73.12±11.63 0.0001

Average 24-h SBPV, mmHg
1 17.66±4.36 14.46±3.7 0.0001

NS NS
2 18.32±5.37 15.34±3.45 0.0001

Average 24-h DBPV, mmHg
1 13.66±3.74 12.32±3.69 0.032

NS NS
2 13.27±3.69 12.78±3.43 NS

Average daytime SBPV, mmHg
1 16.88±4.86 13.81±3.84 0.0001

NS NS
2 17.27±6.1 14.83±4.06 0.0001

Average daytime DBPV, mmHg
1 13.28±4.18 11.73±3.93 0.023

NS NS
2 12.83±4.11 12.34±3.64 NS

Average nighttime SBPV, mmHg
1 15.9±4.93 13.27±4.67 0.044

NS NS
2 16.06±5.52 13.22±4.06 0.006

Average nighttime DBPV, mmHg
1 11.1±3.66 11.12±4.74 NS

NS NS
2 12.18±7.4 10.84±4.46 NS

Daytime SBP load, %
1 64.87±27.2 20.06±23.31 0.0001

NS 0.021
2 56.18±27.61 30.16±28.28 0.0001

Daytime DBP load, %
1 49.86±29.6 15.56±16.09 0.0001

NS 0.005
2 47.04±31.83 26.0±26.65 0.0001

Nighttime SBP load, %
1 79.34±25.74 25.69±17.38 0.0001

NS 0.0001
2 77.54±26.14 57.45±34.36 0.0001

Nighttime DBP load, %
1 59.16±31.64 23.49±20.17 0.0001

NS 0.015
2 59.64±34.54 34.96±33.69 0.0001

Nocturnal SBP fall, % 1 5.53±9.65 6.64±7.28 NS
NS NS

2 3.41±8.68 4.89±8.89 NS

HR, bpm
1 82.8±10.59 70.47±8.85 0.0001

NS NS
2 78.96±9.07 69.19±6.6 0.0001

Р1 – between initial data and data after 24-week AHT; Р2 – between Groups 1 and 2  for initial data; Р3 – between Groups 
1 and 2  for data after 24-week AHT

Table 3.

BP parameters after 24 weeks of AHT in the study groups.
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However, the reduction percentage in SBP and DBP 
was significantly more pronounced in Group 1 than in Group 
2 (ΔSBP: -27.76±5.95% versus -24.46±9.85% (P=0.024); 
ΔDBP%: -22.61±6.87% versus -18.1±10.17% (P=0.004); Δ 
MAD: -24.47±5.27% versus -21.23±8.52% (P=0.011)). TBP 
of <140/90 mmHg was reached by 94.4% of patients in Group 
1 and 83.3% in Group 2 (χ²=7.471, Р=0.006). TBP of <130/80 
mmHg was reached by 70% of patients in Group 1 and 42% in 
Group 2 (χ²=11.61, Р=0.0001).  

A significant improvement in the diurnal BP profile was 
also revealed during treatment. According to ABPM data, both 
groups achieved TBP in terms of the average 24-h and average 
daytime SBP and DBP. Regarding average nighttime SBP 
and DBP and normalization of average nighttime diastolic 
BP variability, target values were achieved only in Group 1 
(P=0.028).

A significant decrease in daytime/nighttime SBP load 
and DBP load was noted in both groups, but it was more 
pronounced in Group 1 (Table 3) with the achievement of 
standard values, which is associated with the possibility of 
protecting target organs.

One of the important markers of vascular damage in 
hypertension is indicators of central BP (SBPc, DBPc, and 
PPc) and PWV. In both groups, 24-week triple-combination 
therapy led to a significant decrease in SBPc, DBPc, and 
PWV. At the same time, the positive dynamics of SBPc were 
more pronounced in Group 1 than in Group 2 (Table 4), and 
PWV in Group 1 reached standard values.

In general, the 2-treatment regimens were well tolerated; 
only 1 patient from Group 2 reported swelling of the ankles 
after 12 weeks of therapy.

Discussion
Despite the widespread availability of effective 

antihypertensive drugs, most AH patients remain 

uncontrolled and do not reach the TBP. Non-compliance with 
pharmacotherapy is an important reason for poor BP control. 
According to the results of studies conducted in recent years, 
only ⁓40% of AH patients receive AHT, of which only 
⁓10%-35% achieve the TBP of ˂140/90 mmHg, which is 
clear evidence of unsatisfactory control of hypertension.(6) 
Uncontrolled hypertension increases the risk of all-cause and 
cardiovascular mortality. A review of 28 studies in 15 countries 
found that 45.2% of AH patients were not taking medications, 
and 83.7% had uncontrolled hypertension.(7) Achieving TBP in 
the short term is the goal of therapy and may lead to improved 
cardiovascular outcomes. Clinical studies have shown that 
BP can be adequately controlled with a combination of 
up to 4 antihypertensive drugs.(8) In AH persons with high 
cardiovascular risk, it is recommended that combined AHT be 
initiated and doses titrated rapidly.(9) In cases of resistance to 
the dual combination of AHT, the most appropriate is a triple 
combination of AHT.

Studies have shown that, compared with dual-
component therapy, triple AHT provides better BP control 
and significantly reduces cardiovascular complications.(10,11) 

At the same time, a fixed combination allows one to achieve 
goals faster and improve treatment adherence than a free 
combination of drugs.(10-13) Triple combinations, namely an 
ACEI, a CCB, and a diuretic, optimally control hypertension 
with fewer dose-related side effects.(9-13) In addition, when 
combined, each component can reduce the adverse effects 
of other components.(14) A recent meta-analysis of 44 studies 
compared a fixed combination of AHT with a free combination 
of AHT.(14,15) In this study, patients receiving fixed-dose 
combination therapy had significant reductions in SBP and 
DBP after 12 weeks of follow-up, as well as positive effects 
on PP and improved adherence to treatment, resulting in better 
BP control. 

The PETRA study (n=11209) showed that a 3-month 
fixed antihypertensive combination of perindopril/indapamide/
amlodipine was sufficient to achieve TBP at the lowest doses 
in almost half of all enrolled patients.(16) In addition, the fixed 
combination has a good effect on vascular stiffness parameters, 
which leads to improved microcirculation and a reduction in 
cardiovascular complications. The combination of perindopril/
indapamide/amlodipine reduces the glomerular filtration rate 
and MAU in AH patients, promoting nephroprotection.(13,16,17) 
The high antihypertensive and organ-protective effectiveness 
of the fixed triple combinations (perindopril/indapamide/
amlodipine) was shown in the PETRA, TRIO, PIONIST, 
TRICOLOR, and PAINT studies.(16-20)

Our previous study(21) demonstrated the achievement 
of a TBP <140/90 mmHg in more than 92% of patients 
with uncontrolled hypertension on 24-week therapy with 
SPTC (perindopril/indapamide/amlodipine and telmisartan/
hydrochlorothiazide/amlodipine); TBP <130/80 mmHg was 
achieved in more than 82% of patients. In the present study, the 
primary TBP was achieved in 94.4% of patients in the SPTC 
group. The recommended TBP <130/80mmHg was achieved 
in 70% of patients treated with an SPTC and 42% of patients 
receiving a separate combination of perindopril/indapamide/
amlodipine. Such different percentages of patients achieving 

Variable Group Initial data After 24-week 
AHT Р1 Р2 Р3

SBPc, 
mmHg

1 161.85±21.55 134.27±12.84 0.0001
NS 0.027

2 156.77±18.75 139.66±17.98 0.0001

DBPc,
mmHg

1 91.78±12.32 80.9±8.11 0.0001
NS NS

2 88.16±12.5 82.54±10.5 0.0001

PPc, 
mmHg

1 72.36±20.67 54.29±13.21 0.0001
NS NS

2 70.77±18.7 56.24±16.43 0.0001

PWV, 
m/sec

1 10.86±2.53 8.49±2.02 0.0001
NS 0.028

2 10.9±2.56 9.2±2.12 0.0001

Р1 – between initial data and data after 24-week AHT; Р2 – between 
Groups 1 and 2  for initial data; Р3 – between Groups 1 and 2  for 
data after 24-week AHT

Table 4.
Indicators of central BP and PWV after 24 weeks of AHT in the 
study groups.
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TBP are explained by differences in AH patient samples. 
The present study included patients with a longer duration of 
hypertension, higher SBP values, and a higher incidence of 
coronary artery disease than in the previous work.

A recent population-based retrospective cohort study 
found that the primary outcome (death or hospitalization for acute 
myocardial infarction or stroke) was lower in patients receiving 
SPTC.(7) SPTC (perindopril/indapamide/amlodipine)  is more 
economical than the free-dose combination of perindopril/
indapamide/amlodipine.(22) Although several studies have been 
conducted on combination AHT, comparing fixed-dose and 
free-dose combination therapy still requires more research.(23)

AH patients often have comorbidities that require 
multiple medications, so SPTC therapy may help overcome 
this problem, reduce dosing complexity, and improve 
treatment efficacy.(14) According to the WHO Quality-of-Life 
Scale  (WHOQOL-BREF), patients receiving the perindopril/
indapamide/amlodipine in SPTC significantly improved their 
quality of life compared to patients receiving the free-dose 
combination.(13) In another study, SPTC showed significant 
control of depression and effective control of BP.(13,24)

Thus, studies have shown that one-third of AH patients 
require 3 AHDs to control BP. Inadequate doses of drugs, 
irrational combinations, complex treatment regimens, and 
many pills reduce treatment adherence, leading to poor BP 
control. Reducing the burden of taking pills using SPTC and 
subsequently switching to polypill, with the addition of a statin 
and/or acetylsalicylic acid, will allow achieving the TBP and 
reducing cardiovascular risk.(2)

The results of our study showed that in the treatment 
of uncontrolled hypertension on previous therapy in AH 
patients with high cardiovascular risk, an SPTC of the ACEI 
perindopril, the CCB amlodipine, and the thiazide-like diuretic 
indapamide contributed to the effective daily BP control, the 
improvement of diurnal BP profile, and a positive effect on 
central BP and PWV, thereby having a positive impact on 
the prognosis and quality of life of AH patients with high 
cardiovascular risk.
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Abstract
Background: Hepcidin (HP) is an important regulator of iron homeostasis. Iron status and IL-6 have been shown to regulate 

the expression of HP. Serum iron (SI), HP, and IL-6 have a highly significant role in inflammation since inflammation elevates the 
levels of HP for expressing the ischemic condition. The present study was carried out to investigate the impact of an interactive 
association between HP, SI, and IL-6 in non-anemic women with acute ischemic stroke (AIS).

Methods and Results: The present case-control, descriptive study comprised 25 non-anemic women with AIS and 25 
healthy non-anemic women controls. The age range of AIS and control subjects was 50 to 54 years. Non-anemic AIS women 
within 8 hours after AIS onset (AIS<8 hrs) and 72 hours after onset of AIS (AIS-72 hours) were examined. The patients underwent 
assessment of traditional risk factors, physical examination, CBC, blood biochemistry test, 12-lead ECG, CT scans, MRI, CT or 
MR angiogram, carotid ultrasound of the arteries, transcranial doppler ultrasound, and EEG. Office blood pressure was measured 
using a mercury sphygmomanometer. Significantly increased values were obtained for systolic blood pressure and diastolic blood 
pressure in AIS women, compared to the control subjects: 137.44±12.35 vs. 130.88±7.30 mmHg (P=0.0267) and 86.72± 8.48 vs. 
81.80± 5.42 mmHg (P=0.0183), respectively. Serum C-reactive protein and low-density lipoprotein cholesterol levels in AIS were 
significantly higher than in healthy control women (P<0.0001). 

A significant increase in serum HP, SI, and IL-6 for AIS<8 hrs was found, compared to AIS-72 hrs (P<0.001 in all cases). 
Comparison for AIS<8 hrs vs. controls showed a highly significant increase in serum HP, SI, and IL-6 for AIS<8 hrs (P<0.001 in all 
cases). On the other hand, AIS-72 hrs vs. controls indicated a significant increase in SI (P=0.0028) and IL-6 (P=0.0065) but a non-
significant increase in serum HP (P>0.05) in AIS-72 hrs. Linear regression expressed a high strength of the relationship between 
serum HP and SI for AIS<8 hrs (R2=0.82, P<0.0001) and AIS-72 hrs (R2=0.73, P<0.0001), but a negligible linear association for 
controls (R2=0.01, P=0.5990). There was a high relationship between HP and IL-6 for AIS<8 hrs (R2=0.67, P<0.0001) and AIS-72 
hrs (R2=0.67, P<0.0001), but a small linear association for controls (R2=0.28, P=0.0063). The R2 value of 0.47 (P<0.0002) and 
0.42 (P<0.0004) was found between SI and IL-6 for AIS<8 hrs and AIS-72 hrs, and a negligible linear association (R2=0.006, 
P=0.7250) for controls.

Conclusion: The present study provides evidence of the association of AIS in non-anemic women with increased hepcidin. 
The interactive pathophysiological role of HP, IL-6, and SI in non-anemic women with AIS has also been shown.(International 
Journal of Biomedicine. 2024;14(2):260-264.)
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Introduction
Stroke is one of the leading causes of disability and death 

in adults(1) suffering from diabetes, heart disease, hypertension, 
and chronic kidney disease.(2,3) Despite enormous research 
that has been conducted, an incomplete understanding of the 
pathophysiology of stroke is the one main barrier limiting the 
research progress. 

The majority of stroke cases (about 90%) are ischemic.(4) 
Several conditions or risk factors(5) predisposing to ischemic 
stroke (IS) include high blood pressure (BP), high cholesterol 
levels, and cardiovascular diseases, among other causes.
Patients with acute ischemic stroke (AIS) present with the 
most common symptoms of the sudden occurrences of 
abnormal functions and deficits in the nervous system, making 
it harder to diagnose during the initial 24 hours properly. The 
AIS is caused by sudden obstruction or blockage of arteries by 
a thrombus or embolus and leads to almost immediate loss of 
oxygen and glucose supply to the brain. It causes irreparable 
neuronal damage within just a few minutes after onset.    

The symptoms of IS progress swiftly in just a few 
hours.(6) A transient ischemic attack is considered at least one 
risk factor.(7)  Several of the risk factors can be managed by 
changing lifestyle activities, including mainly the control of 
high BP, high cholesterol levels, heart disease, diabetes, and 
smoking.(8)

Iron status is suggested as one major factor or cause 
involved in the occurrence and progression of various 
diseases.(9-12) Hepcidin (HP), produced in the liver, is a factor 
associated with iron status. It is the main antimicrobial 
regulatory hormone/peptide for iron metabolism.(13) In 
association with IL-6 and other inflammatory cytokines, HP 
has been recognized as having a significant involvement in the 
homeostasis of systemic iron, and it serves as a bridge or link 
between iron regulation and inflammation.(4)

Iron status and IL-6 have been shown to regulate the 
expression of HP.(14) Serum iron (SI), HP, and IL-6 have a 
highly significant role in inflammation since inflammation 
elevates the levels of HP for expressing the ischemic 
condition.(15)

Several therapeutic products have been introduced in 
the past decade to reduce the disability and death associated 
with stroke. Still, only a little progress has been made in 
understanding the neuronal mechanisms involved.(15,16)

Despite the mentioned reports providing evidence for the 
role of HP in stroke patients, serum levels of HP in association 
with IL-6 and SI are still not known. Hence, the present study 
was carried out to investigate the impact of an interactive 
association between HP, SI, and IL-6 in non-anemic women 
with AIS. It is hoped that further research may clarify the role 
of HP in AIS prognosis and therapeutic approaches.(17,18)

Materials and Methods
The present case-control, descriptive study comprised 

25 non-anemic women with AIS and 25 healthy non-anemic 
women controls. The age range of AIS and control subjects 
was 50 to 54 years. Baseline characteristics of the subjects are 

presented in Table 1. A detailed questionnaire was prepared 
to contain information about clinical, biochemical, and 
hematological estimations. After obtaining ethical approval, 
the research was carried out in affiliated hospitals from 
January 2022 to January 2023. The consent of the women 
patients and healthy women subjects was obtained before 
the start of the consultation. The subjective and objective 
information for AIS patients and control subjects was obtained 
following the regulations and guidelines of the Biomedical 
Ethics Committee.

The present work is the next step to our previous 
study.(19) For the present study, the specialist neurologists and 
other medical experts helped in the differential diagnosis of 
patients with AIS, using CT scans, MRI, CT or MR angiogram, 
carotid ultrasound of the arteries, transcranial doppler (TCD) 
ultrasound, EEG, and other techniques. The data for the 
present report was collected from properly diagnosed patients 
with AIS. Blood tests were CBC, coagulation, blood glucose, 
blood protein, C-reactive protein (CRP), cholesterol, serum 
electrolytes, and other lab tests (Table 1). 

The subjects (normal control and AIS subjects) selected 
for the present report had a normal range BMI of 18.5 to <25 
kg/m2 for the healthy Saudi population.(20) BMI was calculated 
as weight (kg) divided by height (m) squared.(21) Hence, the 
patients and healthy control subjects with higher or lower 
BMI values than the mentioned levels were not included in 
the present work. 

Iron status was defined properly,(22) and the AIS and 
control subjects without anemia were included in the present 
study, following the definition of anemia as Hb<12 g/dL.(23,24) 
According to ACC/AHA, SBP/DBP below 120/80 mmHg 
was considered normal, and SBP/DBP ≥130/80 mmHg 
was considered hypertension.(25) Office blood pressure was 
measured using a mercury sphygmomanometer.(26) The 
subjects with hypotension and hypertension stage 2 were not 
included in the study.

The SI, IL-6, HP, HDL-C, and LDL-C levels were 
measured. The ELISA method was used to determine serum 
IL-6, SI, and HP, and a fully automated method was employed 
to measure serum HDL-C and LDL-C. (27,28)

A comprehensive analysis was conducted using GraphPad 
Prism (version 6.0) software, San Diego, CA, USA. For the 
descriptive analysis, results are presented as mean (M) ± standard 
deviation (SD). Student’s unpaired and paired t-tests were used to 
compare two groups for data with normal distribution. The one-
way analysis of variance (ANOVA) and related Tukey-Kramer 
post-hoc test was carried out. The coefficient of determination R2 
was estimated to measure the strength of the linear relationship. 
A probability value of P<0.05 was considered statistically 
significant. The results were compared and analyzed statistically 
following general statistical principles/concepts.(29)

Results
The age, Hb, and HDL-C in the women patients with 

AIS did not differ significantly from the healthy control 
subjects (Table 1). However, significantly increased values 
were obtained for SBP (P=0.0267) and DBP (P=0.0183) in 
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AIS women, compared to the control subjects. Serum CRP 
and LDL-C levels in AIS were significantly higher than in 
healthy control women (P<0.0001). 

A significant increase in serum HP, SI, and IL-6 for 
AIS<8 hrs was found, compared to AIS-72 hrs (P<0.001 in 
all cases) (Table 2) Comparison for AIS<8 hrs vs. controls 
showed a highly significant increase in serum HP, SI, and 
IL-6 for AIS<8 hrs (P<0.001 in all cases). On the other hand, 
AIS-72 hrs vs. controls indicated a significant increase in SI 
(P=0.0028) and IL-6 (P=0.0065) but a non-significant increase 
in serum HP (P>0.05) in AIS-72 hrs (Table 2). 

One-way analysis of variance (ANOVA) for serum HP, 
IL-6, and iron in women with AIS (AIS<8 hrs and AIS-72 
hrs) and healthy women controls showed a highly significant 
difference (P<0.0001, Table 3).

The coefficient of determination (R2) was estimated 
to measure the strength of the linear relationship (Table 4). 
The strength of the relationship between serum HP and SI for 
AIS<8 hrs (R2=0.82, P<0.0001) and AIS-72 hrs (R2=0.73, 
P<0.0001) was high, but a negligible linear association for 
controls (R2=0.01, P=0.5990). There was a high relationship 
between HP and IL-6 for AIS<8 hrs (R2=0.67, P<0.0001) 

and AIS-72 hrs (R2=0.67, P<0.0001), but a small linear 
association for controls (R2=0.28, P=0.0063). The R2 value of 
0.47 (P<0.0002) and 0.42 (P<0.0004) was found between SI 
and IL-6 for AIS<8 hrs and AIS-72 hrs, and a negligible linear 
association (R2=0.006, P=0.7250) for controls.Table 1. 

Baseline characteristics of the study participants  

Baseline 
characteristics

Serum levels (mean ± SD)
t-value P-valueAIS 

(n = 25)
C 

(n = 25)

Age (years) 52.72±1.07 52.34±1.44 1.08 0.2847

SBP (mmHg) 137.44±12.35 130.88±7.30 2.29 0.0267

DBP (mmHg) 86.72±8.48 81.80±5.42 2.44 0.0183

Hb (g/dL) 13.67±1.15 13.31±1.09 1.13 0.2621

CRP (mg/dL) 9.58±1.26 3.49± 0.97 19.15 <0.0001

HDL-C (mg/dL) 55.71±7.08 57.42±5.88 0.93 0.360

LDL-C (mg/dL) 111.85±17.17 95.47±6.40 4.47 <0.0001

Table 2. 
Serum hepcidin, IL-6, and iron in women with acute ischemic stroke. 

Variables

Serum levels and statistical analysis
AIS 

C 

AIS vs. C

AIS < 8 hrs AIS-72 hrs
AIS < 8 hrs vs. AIS-72 hrs AIS < 8 hrs vs. C AIS-72 hrs vs. C

t* P t** P t** P

Serum HP (ng/ml) 28.01±13.78 18.63±10.53 8.88   <0.0001   13.92±7.00 4.56 <0.0001   1.86 0.0684

SI (µg/dL) 122.12± 31.88 96.21± 25.46 12.64 <0.0001  76.20±19.00 6.19 <0.0001 3.15 0.0028

Serum IL-6 (pg/ml) 16.21± 7.07 9.66± 3.98 9.14 <0.0001  7.10± 2.13 6.17 <0.0001   2.85 0.0065

*- paired t-test; ** - unpaired t-test; C - control.

Variables
One-way ANOVA*
F P

Serum HP (ng/ml) 11.028 <0.0001

Serum iron (µg/dL) 19.629 <0.0001

Serum IL-6 (pg/ml) 23.556 <0.0001

* - Tukey-Kramer post-hoc test indicates a highly significant difference 
for the comparisons for AIS< 8 hrs and AIS-72 hrs.

Table 3.
One-way ANOVA for serum hepcidin, IL-6, and iron in women 
with AIS (AIS < 8 hrs and AIS-72 hrs) and control women. 

Table 4.
The strength of the relationship between serum hepcidin, IL-6 and 
iron in women with AIS and control. 

Variables             R2                 P-value

HP and SI
AIS 

AIS < 8 hrs 0.8242 <0.0001

AIS-72 hrs 0.7341 <0.0001

C 0.0122   0.5990

HP and IL-6
AIS

AIS < 8 hrs 0.6692 <0.0001

AIS-72 hrs 0.6778 <0.0001

C 0.2820   0.0063

SI and IL-6
AIS

AIS < 8 hrs 0.4680 <0.0002

AIS-72 hrs 0.4230 >0.0004

C 0.0055   0.7250

C - control; R2 - coefficient of determination. 



263Z. Hussain / International Journal of Biomedicine 14(2) (2024) 260-264

Discussion
Inflammation increases the HP level and may express 

the ischemic condition (14,30) that has been confirmed in the 
present study. Elevated levels of free SI have also been 
documented in IS, though its mechanism is unclear.(31) The 
present study confirms the increased levels of SI in non-
anemic women with AIS.

Another important factor related to inflammation is IL-
6. It is quite well established that IL-6 is the main important 
cytokine involved in the inflammatory responses that control 
the HP levels, and it is elevated in brain tissues in ischemia 
and IS.(30)

The present study shows significantly increased levels 
of serum HP in non-anemic women with AIS, especially 
during the first 8 hours, compared to controls.(17,18) This 
corresponds to other studies reporting similar changes and 
emphasizes the role of HP and SI in causing brain ischemia. 
It seems quite interesting that serum HP level might serve as 
a strong factor for predicting the status of an IS and future 
therapeutic approaches.(17) It is also necessary to pay attention 
to iron transport proteins. 

Higher levels of SI in AIS patients compared to controls 
in the present study are like those found in a study by Chi 
et al.(32) Moreover, Rouault and Cooperman consider the 
possibility that iron accumulation contributes to the formation 
of free radicals and oxidative damage to brain tissue.(33) 
According to Adibhatla and Hatcher,(34) free iron can react 
with H2O2 via the Fenton reaction, a primary cause of lipid 
peroxidation, and may be particularly important for these 
brain injuries. 

The present study found a significant positive 
correlation between SI and HP, SI and IL-6, and HP and IL-6 
in AIS. Several aspects of these findings are in accordance 
with the published studies (35,36) that help explore the HP role 
in iron-dependent damage and neurotoxicity and the role of 
SI in hypoxia via HP and concomitant changes occurring 
in IS.(30,37) Further studies may explore ways to develop 
novel therapeutics for controlling iron toxicity in IS and to 
understand the pathophysiological mechanisms whereby iron 
causes neurotoxicity in patients with AIS.(4)

 A major limitation of the present report is that the patients 
consulted have a quite limited age range. Future studies need 
extensive research work in both male and female subjects/
patients of a wider age range and a larger and multicentre-
based sample size. 

Conclusion
The present study provides evidence of the association 

of acute ischemic stroke in non-anemic women with increased 
hepcidin. The interactive pathophysiological role of hepcidin, 
IL-6, and serum iron in non-anemic women with acute 
ischemic stroke has also been shown. Furthermore, the present 
study discusses the introduction of better treatment modalities 
for modulating the signaling pathways for hepcidin expression 
and modifying neuronal iron homeostasis in patients with 
acute ischemic stroke.
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Abstract
Background: Diabetes mellitus is a major public health concern worldwide. Although there are many possible causes 

of diabetes, the three most prevalent ones are insulin resistance, pancreatic cell damage, and insulin insufficiency. Visfatin, an 
adipocytokine with insulin-mimicking characteristics, and chemerin, an adipokine responsible for maintaining normal cholesterol 
and glucose levels, are linked to inflammation and immunological dysfunction in metabolic illnesses. Hence, in this study, we 
aimed to evaluate the possible association between type 2 diabetes mellitus (T2DM) and the adipokines visfatin and chemerin.

Methods and Results: This study was conducted at the Al-Salam Teaching Hospital in Mosul from December 1, 2022, to 
the end of June 2023. The study included 65 patients of both sexes with T2DM aged between 35 and 80. Twenty-five healthy 
individuals of both sexes were chosen for a control group. Visfatin and chemerin levels in the serum were measured using an 
ELISA kit (Koma biotech, ELISA, USA) per the manufacturer’s instructions. 

The levels of visfatin and chemerin in T2DM patients were significantly higher than in controls (1.478±0.631 ng/ml and 
158.768±36.941 pg/ml vs. 0.538±0.151 ng/ml and 71.272±12.994 pg/ml, respectively, P=0.000 in both cases). The study showed 
no significant difference in the levels of chemerin and visfatin between females and males in T2DM patients. Among men, the 
visfatin levels were significantly higher in T2DM patients with diabetic retinopathy than in T2DM patients with such complications 
as cardiovascular disease and diabetic nephropathy. These features also occurred among women. Men and women with T2DM did 
not differ in the chemerin levels, depending on the nature of the diabetes complication.

Conclusion: T2DM patients are characterized by significantly higher visfatin and chemerin levels than healthy controls. 
No differences in the levels of these adipokines that depend on the gender of diabetic patients have been found. (International 
Journal of Biomedicine. 2024;14(2):265-269.)
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Introduction    
Diabetes mellitus is a major public health concern, 

affecting over 400 million individuals throughout the world. 
The number of individuals with diabetes is rising, and by 2030, 
it is projected that 366 million people aged 65 and more will 
have the disease. Diabetes has been associated with several 
factors, including insulin deficiency, pancreatic cell injury, and 
insulin resistance. Nephropathy, neuropathy, cardiovascular 

disease, and diabetic retinopathy are only a few of the many 
complications of diabetes.(1) Constant microvascular and 
macrovascular problems could develop due to this metabolic 
disorder. The inability of the pancreas to produce enough 
insulin and a lifetime of poor dietary and lifestyle choices 
contribute to the development of insulin resistance and type 2 
diabetes mellitus (T2DM). 

The molecular mechanisms involved in insulin 
generation, release, and response in tissues must be tightly 
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regulated to ensure that insulin activity precisely matches 
metabolic demand. The pathophysiology of T2DM may 
be affected by defects in any of these systems, leading to a 
metabolic imbalance.(2) Adipokines regulate hunger, energy 
expenditure and storage, insulin secretion and sensitivity, 
blood pressure, endothelial function, and homeostasis. 
Adipokines have several systemic effects on the liver, brain, 
muscle, heart, arteries, and immune system.(3) The visceral 
adipose tissue produces the proinflammatory adipokine 
visfatin, a 52-kDa protein. Visfatin increases cytokine 
production, and elevated levels are linked to inflammation 
and endothelial dysfunction in metabolic illness. Visfatin 
has been linked to many different types of brain and heart 
damage in clinical investigations. Evidence suggests it has 
various harmful long-term effects and a regulatory function 
in the heart, neurons, and mitochondria. There is a need for 
more excellent research into the impact of adipocytokine on 
critically sick individuals.(4) 

The newly discovered adipokine chemerin possesses 
endocrine, paracrine, and autocrine functions, making it 
crucial for maintaining normal cholesterol and glucose levels. 
It is generated mainly by white adipose tissue, the liver, and 
the placenta, with some also coming from brown adipose 
tissue, skeletal muscles, and other organs, such as kidneys, 
adrenal glands, lungs, ovaries, and the heart. In addition to 
its role in blood pressure control, chemerin may have a role 
in angiogenesis, inflammation, immunological modulation, 
and other processes. Some research has shown that chemerin 
levels are more significant in diabetic patients than in healthy 
controls, while others have shown no significant differences.
(5) In this case-control and exploratory investigation, we 
examined a group of diabetic patients in Mosul (Iraq) for 
a possible association between T2DM and visfatin and 
chemerin.

Materials and Methods
This study was conducted at the Al-Salam Teaching 

Hospital in Mosul from December 1, 2022, to the end of June 
2023. The study included 65 patients of both sexes with T2DM 
aged between 35 and 80. Twenty-five healthy individuals of 
both sexes were chosen for a control group. Venous blood 
was collected from patients and controls after an 8-hour 
fasting. The blood was allowed to rest for 20 minutes at room 
temperature. The serum separated was centrifuged at 3000rpm 
for 15 minutes and transferred to fresh tubes for further 
analysis. Fasting blood glucose was estimated using Glucose 
Reagent Kit (Biomerieux, France). Visfatin and chemerin 
levels in the serum were measured using an ELISA kit (Koma 
biotech, ELISA, USA) per the manufacturer’s instructions. 

Statistical analysis was performed using the statistical 
software package SPSS version 25.0 (SPSS Inc, Armonk, NY: 
IBM Corp). For the descriptive analysis, results are presented 
as mean (M) ± standard deviation (SD). For data with normal 
distribution, inter-group comparisons were performed using 
Student’s t-test. Multiple comparisons were performed with 
one-way ANOVA and Tukey HSD post-hoc test. A value of 
P<0.05 was considered significant. 

Results and Discussion
We found significantly higher levels of visfatin and 

chemerin in T2DM patients than in controls (1.478±0.631 
ng/ml and 158.768±36.941 pg/ml vs. 0.538±0.151 ng/ml and 
71.272±12.994 pg/ml, respectively, P=0.000 in both cases) 
(Table 1). The study showed no significant difference in the 
levels of chemerin and visfatin between females and males 
in T2DM patients (Table 2). The patients were divided into 
groups according to the T2DM complications, and the level of 
visfatin was compared between these groups and for each sex 
separately. Among men, the visfatin levels were significantly 
higher in T2DM patients with diabetic retinopathy than in 
T2DM patients with such complications as cardiovascular 
disease and diabetic nephropathy. These features also occurred 
among women (Table 3). Men and women with T2DM did not 
differ in the chemerin levels, depending on the nature of the 
diabetes complication (Table 4).

Variable Control group
 (n=25)

T2DM patients 
(n=65) P-value

Visfatin (ng/mL) 0.538 ± 0.151 1.478 ± 0.631 0.000

Chemerin (pg/mL) 71.272±12.994 158.768 ± 36.941 0.000

Table 1. 
The levels of visfatin and chemerin in controls and T2DM patients.

Variable Female (n=25) Male (n=40) P- value

Visfatin (ng/ml) 1.546 ± 0.671 1.436± 0 .609 0.499

Chemerin (pg/ml) 157.122 ±43.678 159.797 ± 32.598 0.779

Table 2. 
Levels of chemerin and visfatin in T2DM patients depending on 
gender.

Gender Group n Visfatin  
(ng/mL) ANOVA

Males
T2DM
complication

Control group1 11 0.609±0.098
F=11.7128 P=0.0000 
P1-2=0.0036 P1-3=0.0224
P1-4=0.0000 P2-3=0.9690
P2-4=0.0372 P3-4=0.0212

CVD2 15 1.424± 0.587

DN3 11 1.324±0.565

DR4 9 2.083±0.789

Females
T2DM
complication

Control group1 14 0.483±0.164
F=7.5841 P=0.0001 
P1-2=0.0016 P1-3=0.0222
P1-4=0.0044 P1-5=0.0011
P2-3=0.9942 P2-4=0.9966
P2-5=0.9269 P3-4=0.9616
P3-5=0.8124

CVD2 11 1.487±0.836

DN3 7 1.370±0.796

DR4 6 1.594±0.400

Other
complications5 6 1.733±0.652

Table 3. 
The visfatin levels according to the T2DM complications.
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Adipokines play a critical role in maintaining systemic 
energy homeostasis, and the impaired adipokine production 
observed in obesity contributes to diabetes pathogenesis. 
Visfatin was first discovered as an adipocytokine with 
insulin-mimicking characteristics.(6) Chemerin is a recently 
discovered adipokine that regulates adipocyte differentiation 
and modulates chemotaxis and the activation of dendritic 
cells and macrophages.(7) Susairaj et al.(8) found that chemerin 
was associated with BMI and fat components but is not an 
independent risk factor for T2DM.

In our study, the levels of visfatin and chemerin in 
T2DM patients were significantly higher than in controls. 
These results are consistent with those of Sulaiman et al.,(9) 
who showed elevated levels of visfatin and chemerin in T2DM 
patients and showed that serum visfatin plays an important 
role in many pathological processes in T2DM.

Our study showed no differences in the levels of 
chemerin and visfatin regardless of the gender of patients 
with diabetes, which is consistent with the data of Tabandeh 
et al.(10) and Mir et al.(11) but disagrees with Lehrke et al.,(7) 
who found that the blood chemerin levels were significantly 
higher in females than in males. In addition, the researchers 
found that chemerin was strongly associated with markers of 
inflammation and components of metabolic syndrome (body 
mass index, triglycerides, HDL-cholesterol, and hypertension). 

 Diabetic microvascular complications (retinopathy, 
nephropathy, neuropathy) and macrovascular complications 
(ischemic heart disease, peripheral vascular disease, and 
cerebrovascular disease) result in organ and tissue damage in 
approximately one-third to one-half of people with diabetes. 
Akbarian et al.(12) showed high levels of visfatin and NO 

metabolites in patients with diabetic nephropathy. In addition, 
there was a positive correlation between visfatin and NO 
metabolite levels in nephropathic and non-nephropathic 
diabetic patients. The results of a study by Al Obaidi et al.(13) 
showed that serum visfatin levels were significantly correlated 
with CRP in patients with chronic kidney disease and with 
deterioration of kidney function.

Besides, Wang et al.(14) found that serum and vitreous 
visfatin levels were associated with the presence and 
severity of diabetic retinopathy, which is consistent with 
our results, indicating that diabetic retinopathy, among other 
complications of diabetes, was characterized by high values 
of this adipokine. In a study by Yasir et al.,(15) linear regression 
data showed that chemerin was also an independent predictor 
of diabetic retinopathy severity.

Kärberg et al.(16) found that visfatin could be used as a 
marker of subclinical atherosclerosis in patients with T2DM, 
especially in males. In particular, visfatin positively correlated 
with intima-media thickness ≥1.0 mm or plaque (P=0.008). 
According to research findings, visfatin has a strong connection 
to cardiovascular disease.

Several studies have shown a connection between 
chemerin and endothelial dysfunction in pathological 
conditions such as obesity, DM, and hypertension.(17-19) Neves 
et al.(20) found that chemerin induces endothelial dysfunction 
by downregulating endothelial nitric oxide synthase and 
decreasing NO production in endothelial cells. Chemerin is also 
associated with excessive ROS accumulation in endothelial 
cells, contributing to endothelial dysfunction.(18,20) Increased 
ROS accumulation and elevated expressions of inflammatory 
cytokines such as IL-1β, IL-6, and monocyte chemoattractant 
protein-1 were observed in chemerin-treated vascular smooth 
muscle cells, suggesting that chemerin can induce vascular 
smooth muscle cell dysfunction by augmenting oxidative 
stress and promoting inflammation.(21-24) Chemerin may 
contribute to the development of atherosclerosis by promoting 
the formation of vascular inflammation by recruiting 
macrophages to inflamed blood vessels.(25) Gasbarino et al.(26) 
showed circulating chemerin is associated with carotid plaque 
instability. 

A prospective cohort study by Zhou et al.,(27) which 
included 834 patients with chronic heart failure, investigated 
the association between serum chemerin and clinical 
outcomes. Cox regression analysis showed that chemerin 
significantly predicted major adverse cardiac events after 
adjustment for conventional risk factors. In addition, chemerin 
was an independent predictor of all-cause mortality after 
multivariable adjustment. The authors concluded that chemerin 
may be a novel serum marker for predicting major adverse 
cardiac events in patients with chronic heart failure. Chemerin 
can also potentially be used as a biomarker in chronic kidney 
disease, which is common in people with diabetes.(28)

Conclusion
T2DM patients are characterized by significantly 

higher visfatin and chemerin levels than healthy controls. No 
differences in the levels of these adipokines that depend on 

Gender Group n Chemerin
 (pg/ml) ANOVA

Males
T2DM
complication

Control group1 11 68.941 
±11.304

F=43.2797 P=0.000 
P1-2=0.0000 P1-3=0.0000
P1-4=0.0000 P2-3=0.9579
P2-4=0.5114 P3-4=0.8246

CVD2 15 159.127
±35.327

DN3 11 164.001
±15.726

DR4 9 173.449
±21.770

Females
T2DM
complication

Control group1 14 73.103
±14.325

F=23.4721 P=0.0000 
P1-2=0.0011 P1-3=0.0120
P1-4=0.5790 P1-5=0.0000
P2-3=0.9988 P2-4=0.3076
P2-5=0.0000 P3-4=0.5383
P3-5=0.0000

CVD2 11 139.765
±49.931

DN3 7 134.732
±57.010

DR4 6 101.291
±38.130

Other 
complications5 6 252.693

±29.641

Table 4. 
The chemerin levels according to the T2DM complications.
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the gender of diabetic patients have been found. The level 
of visfatin has been significantly higher in patients with 
diabetic retinopathy than in such diabetes complications as 
cardiovascular disease and diabetic nephropathy. Elevated 
chemerin levels in T2DM patients do not depend on the type 
of diabetes complication.
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Abstract
Background: Thyroid disease is one of the most common illnesses in the UAE, which could be linked to vast numbers 

of people suffering from vitamin D deficiency. This study aimed to explore the association between serum 25(OH)D levels and 
thyroid function parameters in men and women with diagnosed hypothyroidism. 

Methods and Results: This cross-sectional observational study included 86 patients (78[90.7%] women and 8[9.3%] men) 
with diagnosed hypothyroidism. The patients were divided into two groups, male and female. These two groups were compared 
in terms of age, TSH, free-T4 (FT4), vitamin D, free-T3 (FT3), and body mass index (BMI). In addition, the correlation between 
levels of vitamin D and TSH was also examined in these two groups.

The mean age of the patients was 27.5 years, and BMI was 28.00 kg/m2, indicating overweight. Vitamin D deficiency was 
found in 61(70.9%) patients and severe vitamin D deficiency in 10(11.6%) patients with hypothyroidism. 25(OH)D levels were 
significantly low in patients with high TSH levels, showing a weak negative correlation (r=-0.132, P=0.043). A negligible positive 
correlation was identified between 25(OH)D levels and FT4 r=0.089, P>0.05) and FT3 (r=0.071, P>0.05), and a negligible 
negative correlation with BMI (r=-0.059, P>0.05).    

Conclusion: There is a clear indication that vitamin D deficiency is prevalent in hypothyroid patients and that these subjects 
have lower levels of serum 25(OH)D. Suggesting that lower serum 25(OH)D is related to hypothyroidism and the deficiency in 
vitamin D plays a role in the development of the disease. (International Journal of Biomedicine. 2024;14(2):270-274.)
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Introduction
Hypothyroidism is a disease caused by inadequate 

synthesis and/or release of thyroid hormones. Thyroid 
dysfunction is a common condition that affects between 3% 
and 21% of the population.(1) A negative feedback mechanism 
exists between thyroid-stimulating hormone (TSH) and thyroid 
hormones. The level is the most sensitive marker of thyroid status 

in an individual.(2) Subclinical hypothyroidism is diagnosed 
when TSH levels are high and circulating free T4 is normal.
(3,4) Vitamin D, a lipid-soluble prohormone, besides its well-
recognized role in calcium metabolism, also affects immune 
regulation.(5) The emerging prevalence of hypovitaminosis D 
in populations with hypothyroidism might be attributed to a 
strong homology between the molecular structure of vitamin 
D receptor (VDR) and the thyroid hormone receptor.(6,7) Most 
immune cells, including T cells, B cells, and antigen-presenting 
cells, such as dendritic cells and macrophages, express VDR.
(8,9) Some polymorphisms in the VDR gene were shown to 
predispose people to autoimmune thyroid disease, including 
Graves’ disease and Hashimoto’s thyroiditis.(10-14)
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Thyroid disease is one of the most common illnesses 
in the UAE, which could be linked to vast numbers of people 
suffering from vitamin D deficiency.(15) This deficiency is a 
consequence of many different traditional and cultural traits, 
alongside religious teachings, followed by the vast majority 
of the Emirati population. First, traditional factors include the 
men wearing white clothing, also known as the thobe, to protect 
themselves from the sun. As for women, religious teachings 
instruct them to cover up, exposing only their faces and hands, 
and some even cover up their faces, further reducing the chance 
of sun exposure.(16) However, perhaps the main cause of the 
deficiency is the lack of outdoor physical activities, further 
reducing their exposure to the sun’s rays.(17,18) 

Serum levels of 25(OH)D can reflect the whole body’s 
nutritional status and are used to indicate whether vitamin 
D is adequate in the body.(19-22) A growing body of research 
supports the important role of adequate vitamin D in health. 
Vitamin D has also been found to be associated with a variety 
of inflammation, which is reduced by vitamin D supplements. 
Vitamin D deficiency is more common in obese people or 
obesity-related diseases, such as diabetes, so vitamin D 
supplements may also be a potential treatment.(23-25) Most 
experts agree that 25(OH)D of <20 ng/ml is considered to be 
vitamin D deficiency, whereas a 25(OH)D of 21-29 ng/ml is 
considered to be insufficient.(26) The goal should be >30ng/ml 
in children and adults.

Studies suggest that vitamin D deficiency participates in 
the pathogenesis of hypothyroidism. However, contradictory 
research exists about the relationship between hypothyroidism 
and vitamin D deficiency. This study aimed to explore the 
association between serum 25(OH)D levels and thyroid 
function parameters in men and women with diagnosed 
hypothyroidism.

Materials and Methods
This cross-sectional observational study was conducted 

in Ajman state of the UAE at the Thumbay Hospital from 
February 2021 to April 2021. It included a total of 86 patients 
(78[90.7%] women and 8[9.3%] men) with diagnosed 
hypothyroidism of random ages in the Endocrinology 
Outpatient Clinic of Thumbay Hospital. The patients were 
divided into two groups, male and female. These two groups 
were compared in terms of age, TSH, free-T4 (FT4), vitamin 
D, free-T3 (FT3), and body mass index (BMI) after taking 
their informed written consent. In addition, the correlation 
between levels of vitamin D and TSH was also examined in 
these two groups.

Serum 25-hydroxyvitamin D [25(OH)D] levels were 
determined using chemiluminescent immunoassay. The 
subjects were divided into clinically relevant groups according 
to their serum 25(OH)D levels: ≥30.0 ng/ml (sufficiency), 20-
29.9 ng/ml (insufficiency), <20 ng/ml (vitamin D deficiency), 
and <10 ng/ml (severe vitamin D deficiency). 

The measurements of TSH, FT3, and FT4 were conducted 
by electrochemical luminescence (ECLIA) on Cobas 8000 
(Roche Diagnostics, Germany). The provided TSH reference 
ranges for TSH, FT3, and FT4 were 0.27–4.2 mIU/L, 3.1–6.8 

pmol/L, and 12.0–22.0 pmol/L. respectively. The criteria for 
overt hypothyroidism were TSH  > 4.20 mIU/L, FT3 <3.1 
pmol/L, and FT4 <12.0 pmol/L. The criteria for subclinical 
hypothyroidism were TSH  >4.20 mIU/L, and FT3 and FT4 
levels in the reference ranges. 

Statistical analysis was performed using the statistical 
software package SPSS version 21.0 (SPSS Inc, Armonk, NY: 
IBM Corp). For the descriptive analysis, results are presented 
as mean ± standard deviation (SD). The Student’s unpaired and 
paired t-tests were used to compare two groups for data with 
normal distribution. A simple linear regression with a calculation 
of Pearson’s correlation coefficient was performed. A probability 
value of P<0.05 was considered statistically significant.

Results
The mean age of the patients was 27.5 years, and BMI 

was 28.00 kg/m2, indicating overweight. Vitamin D deficiency 
was found in 61(70.9%) patients and severe vitamin D 
deficiency in 10(11.6%) patients with hypothyroidism. Table 
1 shows the mean values of all studied parameters in female 
and male patients. There was no statistical difference between 
groups regarding TSH, FT3, FT4, BMI, and 25(OH)D levels 
(P>0.05 in all cases).

25(OH)D levels were significantly low in patients 
with high TSH levels, showing a weak negative correlation 
(r=-0.132, P=0.043) (Figure 1). A negative correlation was 
found between 25(OH)D levels and the disease duration 
(Figure 2). A negligible positive correlation was identified 
between 25(OH)D levels and FT4 r=0.089, P>0.05) and FT3 
(r=0.071, P>0.05) (Figures 3 and 4), and a negligible negative 
correlation with BMI (r=-0.059, P>0.05) (Figure 5).       

Parameter Male Female P-value
Sex 8 78 <0.0001
Age (years) 29 26 0.26
25(OH)D, ng/ml 33.257 27.222 0.862
TSH, mIU/L 6.32571 6.26482 0.934
FT4, pmol/L 15.33714 15.81668 0.709
FT3, pmol/L 3.7857 3.9897 0.509
BMI, kg/m2 28.443 27.564 0.374

Table 1.
Clinical characteristics of the study participants.

Fig. 1. A negative correlation between 
25-(OH)D and serum TSH (r=-0.132, P=0.043).
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Discussion       
Hypothyroidism is one of the most common endocrine 

diseases in the UAE. It is more common in adults over 25. In 

our study, 90.7% of patients were women, while only 9.3% 
were male, with a male-to-female ratio of 10.1%.  

25(OH)D is the principal stored form of vitamin D. The 
measurement of serum 25(OH)D levels is considered to be the 
best diagnostic test to assess the vitamin D status.(27) It reflects 
vitamin D produced cutaneously and obtained from food and 
supplements(28) and has a fairly long circulating half-life of 
15 days. In contrast to 25(OH)D, circulating 1,25(OH)2D is 
generally not a good indicator of vitamin D status because 
it has a short half-life of 15 hours, and serum concentrations 
are closely regulated by a parathyroid hormone, calcium, and 
phosphate.(29) Levels of 1,25(OH)2D do not typically decrease 
until severe vitamin D deficiency.(30,31)

There are several studies suggesting that the prevalence 
of vitamin D deficiency is high in patients with thyroid diseases 
and that there is a relationship between hypothyroidism and 
vitamin D in these patients.(26) In our study, we found that 70.9% 
of patients with hypothyroidism had vitamin D deficiency, and 
11.6% of patients had severe vitamin D deficiency (<10 ng/
mL). We also found a negative correlation between vitamin D 
and TSH levels in these patients.

A study by Bozkurt et al.(32) demonstrated that serum 
25(OH)D levels in the patients with Hashimoto’s thyroiditis 
(HT) were significantly lower than those of controls, and 
25(OH)D deficiency severity correlated with the duration of 
Hashimoto’s thyroiditis. Supporting our study is another study 
by Ke et al.,(33) which found significant differences in serum 
25(OH)D levels among mild HT, treated HT and controls. 
Compared with the control, treated and mild HT patients 
exhibited significantly lower 25(OH)D levels (45.77 ± 3.48 vs. 
83.49 ± 6.24 nmol/L and 55.25 ± 3.88 vs. 83.49 ± 6.24 nmol/L, 
respectively, P<0.001 in both cases).

Hypothyroidism is associated with decreased 
thermogenesis and decreased metabolic rate and has also been 
shown to correlate with a higher BMI and a higher prevalence 
of obesity. There is clinical evidence suggesting that even mild 
thyroid dysfunction in the form of subclinical hypothyroidism 
is linked to significant changes in body weight and represents 
a risk factor for overweight and obesity. 

Clinical evidence linking 25(OH)D level to thyroid 
function is limited and conflicting. A study performed among 
euthyroid adults showed a strong positive association of 
vitamin D deficiency with TSH levels after adjusting for 
age, gender, and season.(34) Another study also demonstrated 
a negative relationship between 25(OH)D levels and TSH in 
patients with hypothyroidism.(35) Our study is also consistent 
with a study by Mackawy et al.,(35) who recorded significant 
negative correlations between serum 25(OH)D and TSH 
and a positive correlation between serum 25(OH)D with 
T4. The studies by Sedrani,(36) Al-Jurayyan et al.,(37) Fida,(38) 
and Naeem et al.(39) stated that vitamin D serum levels were 
significantly lower in females than males. These studies 
showed that the prevalence of vitamin D insufficiency in HT 
cases (92%) was significantly higher than that observed in 
healthy controls (63%) (P<0.001). In a study by Mirhosseini 
et al.,(40) the number of patients with clinical and subclinical 
hypothyroidism significantly decreased after 12 months of 
vitamin D supplementation.

Fig. 2.  A negative correlation between 
25-(OH)D and the duration of the disease.

Fig. 3. A positive correlation between 
25(OH)D and serum T4 (r=0.089, P>0.05).

Fig. 4. A positive correlation between 
25(OH)D and serum T3 (r=0.071, P>0.05)

Fig. 5. A negative correlation between 
25(OH) and BMI (r=-0.059, P>0.05).
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Conclusion
Our results indicated that patients with hypothyroidism 

suffered from hypovitaminosis D and were overweight. 
Moreover, there is a weak negative but significant correlation 
between serum 25(OH)D and TSH levels, suggesting that 
vitamin D deficiency is associated with the severity of 
hypothyroidism. Screening for vitamin D deficiency is highly 
recommended for all hypothyroid patients.
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Abstract
Background: There is no doubt that the use of rhGH in patients with TS brings satisfactory results regarding the improvement 

of height growth, realizing the improvement of the final adult height. This study aimed to evaluate the influence of the type/
characteristic of the genetic anomaly on sex chromosome X on the outcome of treatment with rhGH among Albanian children 
diagnosed with TS. 

Methods and Results: This analytical-observational study was conducted at the Pediatric Endocrine Unit at University 
Hospital Centre Mother Teresa in Tirana, the only one of its kind treating TS pediatrics in Albania. Only TS patients who had 
attained near-adult height (NAH) by December 2023 were included in the analysis of this study. Near-adult height was obtained 
for 44(72.1%) patients. The mean age of starting treatment was 12.68±3.03 years. After a treatment duration of 3.60±2.26 years, 
the patients recovered 0.88±0.56 in height-for-age Z-score (HAZ), resulting in HAZ at the end of treatment of -2.73±0.87. They 
achieved their NAH of 144.56±6.53 cm. 

Conclusion: Despite starting treatment late, our patients managed to gain 17.70±12.53 cm in length. The progression of 
height improvement under rhGH treatment showed differences between chromosomal groups. The non-monosomy group had 
better results regarding NAH and HAZ at the treatment’s end than the monosomy group.(International Journal of Biomedicine. 
2024;14(2):275-281.)
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Introduction
Turner syndrome (TS) is a congenital genetic disorder 

with a combination of characteristic phenotypic features 
caused by the loss of all or a critical part of one X chromosome. 

It occurs in phenotypically female individuals and affects 
approximately 1 in 2,000-2,500 live female births.(1) It can 
cause various medical and developmental problems, but short 
stature is the most frequent clinical feature in patients with TS. 
To date, there is no convincing evidence to support the view 
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that the growth disorder in TS is associated with a disorder 
in the growth hormone-insulin-like growth factor (GH-IGF) 
axis, but, instead, it is related to haploinsufficiency of the short 
stature homeobox-containing (SHOX) gene.(2) TS is one of the 
most common syndromes in Albania’s list of diseases treated 
with rhGH during the last 22 years. This study is the first 
attempt to evaluate the results of this treatment on the near-
adult height (NAH) of Albanian TS patients. In Albania, the 
use of GH has been increasing slowly since 2001 due to the 
high cost of treatment, lack of funding for patients, and lack of 
public awareness until recently. Furthermore, data regarding 
treatment response and factors influencing final height in TS 
children treated with rhGH have just been analyzed. 

This study aimed to evaluate the influence of the type/
characteristic of the genetic anomaly on sex chromosome 
X on the outcome of treatment with rhGH among Albanian 
children diagnosed with TS. 

Materials and Methods
This is a register-based cohort study. The medical 

records of all patients diagnosed with TS from January 2001 
in the Pediatric Endocrine Unit, Department of Pediatrics, 
University Hospital Centre “Mother Teresa,” Albania, were 
reviewed. Only patients who had attained NAH by December 
2023 were included in the analysis of this study. Patients with 
TS who discontinued the treatment with rhGH for any reason 
before attaining NAH, patients with TS who are still under 
treatment, patients with another syndrome, and patients with 
GH deficiency were excluded (Figure 1).

The following data were retrieved from the patients’ 
medical records: diagnosis, chronological age, bone age (BA) 
and height at starting treatment, height after the first year of 
treatment, age and height at onset of puberty, age of attaining 
NAH, duration of growth hormone (GH) treatment and mean 
GH dose. The height of patients was plotted using the WHO 
growth charts and was standardized by calculating their 
standard deviation (SDS) score (Z-score).(3) Administration 
of conjugated estrogens was initiated at 2.0 mcg/day and 
increased by 4.0 mcg/day every six months. At 1.5 years, 
estrogen replacement was given cyclically, and progesterone 
was added. The onset of puberty was taken to be the time when 

spontaneous breast development (Tanner stage B2) was first 
observed or the date at which estrogen replacement therapy 
was initiated. Bone age (BA) was calculated by reading the 
plain radiograph of the left hand and wrist using the Greulich 
and Pyle atlas (4) by a single observer. Bone age deficit (BAD) 
was defined as (chronological age) – (BA).

Mid-parental height (MPH) was determined by using 
Tanner’s method for girls (cm) = (father’s height + mother’s 
height - 13)/2. Target height range = MPH ± 6.5 cm. The 
dosage of rhGH varied from 0.035 to 0.06 mg/kg/day (0.735-
1.26 UI/kg/week). The dosage of rhGH was individualized 
based on the level of IGF1 and IGFBP3 and growth velocity. 
Thyroid function tests, biochemical panels, and complete 
blood counts were performed every six months. All registered 
subjects were visited as outpatients at the Pediatric Endocrine 
Unit at “Mother Teresa” University Hospital Centre in Tirana 
for follow-up every two months, and their height and weight 
were measured. Height was checked using a Harpenden 
stadiometer and marked to the nearest 0.1 cm. Body weight 
was measured with an electronic weighing scale to 0.1 kg. 
NAH was defined as height reached when growth velocity was 
less than 2 cm/year calculated over a minimum of 9 months, 
where the chronological age was more than 16 years or BA 
more than 15 years, and analysis of individual growth curves 
showed evidence of asymptotic proximity to final height. The 
height at diagnosis, NAH, MPH, and the height when puberty 
was started were then standardized by calculating their height 
SDS (Z-score) using the WHO growth charts.

Turner syndrome was diagnosed based on clinical and 
hormonal findings and was confirmed by cytogenetic analysis, 
such as classical chromosome banding, high-resolution 
chromosome analysis, spectral karyotype analysis (fluorescent 
in situ hybridization (FISH)), and array comparative genomic 
hybridization (aCGH), all of which allow the entire genome to 
be scanned for chromosome dosage abnormalities, including 
increases (duplications) or decreases (deletions), which may 
also be suggestive of an unbalanced displacement. These 
examinations were conducted in the Genetic Unit, Department 
of Paediatrics, University Hospital Centre “Mother Teresa,” 
Albania, and other genetic laboratories outside Albania. 

To simplify the data analysis, since the number of 
patients in the subgroups was relatively small, a regrouping 
of karyotype types was made in the group with monosomy 
(MG [Subgroup A]) and non-monosomy group (n-MG), 
which includes the karyotypes of Subgroups B, C, D, and E 
(Table 1). To eliminate the confusion between the terminology 
“age of diagnosis” and “age of initiation of therapy” (because 
for all patients, the therapy was started as soon as the genetic 
diagnosis was confirmed), the terminology was unified as “age 
of diagnosis” = “age of initiation of treatment.” 

Statistical analysis was performed using statistical 
software package SPSS version 20.0 (SPSS Inc, Armonk, NY: 
IBM Corp). For descriptive analysis, results are presented as 
mean (M) ± standard deviation (SD). Inter-group comparisons 
were performed using Student’s t-test. Pearson correlation 
analysis was performed on the data to explore the relationship 
between various parameters with final height SDS. A P-value < 
0.05 was considered statistically significant.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Are diagnosed with TS from  
January 2001 to December 2023: 

n=61 

Monosomy: 
n=28 

Non-Monosomy: 
n=30 

Have completed rhGH treatment 
and attained NAH:  

n=44 

Are still under treatment 
with rhGH:  

n=12 

Have stopped the treatment 
for different reasons:  

n=5 

n=3 

n=6 

n=21 

n=2 

n=6 

n=23 

Fig. 1. Flow chart of study methodology.
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Results
Characteristics of all TS patients at baseline
During the period mentioned above, 61 patients with 

TS were diagnosed. Out of 61 patients, 30(49.18%) resulted 
in numeric anomaly with monosomy (45,X0) (Subgroup A or 
MG), 17(27.87%) had mosaic form with structural anomaly 
(Subgroup B), 3(4.92%) had mosaic form with the numeric 
anomaly of the X chromosome (Subgroup C), 5(8.19%) had 
mosaic form with the presence of Y chromosome (Subgroup 
D), and only 6(9.83%) had non-mosaic with X-structural 
abnormalities (Subgroup E) (Table 1). 

The mean diagnosis age of all 61 patients with TS was 
11.77±3.33 years (min. 3.52; max. 17.64 years). No statistically 
significant difference was identified in the age of diagnosis/
start of therapy between karyotypic groups (P=0.398). The 
height-for-age Z-score (HAZ) at the start of the treatment for 
all TS patients was -3.64±1.01 z-score (min. -6.00; max. -0.93 
z-score). The most pronounced shortness at the beginning of 
therapy was identified in Subgroup A (-3.90±0.93 z-score), 
followed by Subgroup E (-3.72±0.62 z-score), Subgroup B 
(-3.59±0.99 z-score), and Subgroups C and D (-2.70±0.97 
z-score and -2.67±1.26 z-score, respectively). Even beyond 
this fact, the MG (Subgroup A) was -0.518 z-score shorter than 
the n-MG (Subgroups B, C, D, and E), and this difference was 
statistically significant about the means of HAZ at the time 
of starting treatment between the MG and n-MG (P=0.043). 
BMI for age z-score at the start of the treatment was 0.20±1.19 

z-score (min. -2,61; max. 3.81 z-score) for all 61 patients. No 
statistically significant difference was identified in BMI for 
age between the MG and n-MG (P=0.214).

Characteristics of patients treated to NAH 
A total of 44 TS patients reached NAH. The relative 

frequency of the documented karyotypes for these patients 
is listed in Table 1. The distribution of karyotypes was not 
significantly different from the total group of 61 TS patients 
in our study. Table 2 presents the characteristics of patients 
at the time of starting treatment with rhGH, the dose of rhGH 
that was used, the age of onset/induction of puberty, the age 
of first menarche, the progress of growth indicators before and 
during puberty as well as at the end of treatment with rhGH, 
height changes expressed in z-score and cm, including NAH 
according to karyotypic groups, and, in total, including the 
statistical evaluation for the differences in means between the 
two groups. 

The mean diagnosis age of all 44 TS patients who 
completed the rhGH therapy and achieved NAH was 12.68±3.03 
years (min. 3.52; max. 14,64 years). At the time of starting 
the treatment, HAZ was -3.62±0.96 z-score (min. -5.49; max. 
-0,93 z-score), BMI for age z-score was 0.19±1.28 z-score 
(min. -2.61; max. 3.81 z-score), and BA for all 44 patients was 
10.22±2.57 years with BAD 2.46±0.71 years. The treatment 
duration with rhGH was 3.60±2.26 years (min. 1.01; max. 9.88 
years). All patients started puberty at 13.58±1.78 years (min. 
9.65; max. 15.81 years), and at the age of 14.68±1.55 years, 
they experienced their first menstrual bleeding. Out of 44 

Subgroup Karyotype All TS patients TS treated till NAH 
Count (n)  Percentage (%) Count (n) Percentage (%)

A 
Monosomy 

45,X 30 49.18% 21 47.73%
Total 30 49.18% 21 47.73%

B . 
Mosaic form with structural
abnormalities of the X chromosome

45,Xt(5;16)(q11.2;q21.1)/46,XX 1 1.64% 1 2.27%
45,X(15ps+)/46,XX 1 1.64% 1 2.27%
45,X,/46X,der(X) 2 3,28% 0 0%
45,X,1qh+,9qh+/46,X,i(Xq), 1qh+,9qh+ 1 1.64% 1 2.27%
45,X/47,X,i(Xq),i(Xq)/46,X,i(Xq) 1 1.64% 1 2.27%
45,X/46,X,i(Xq) 10 16.39% 8 18.18%
45,X/46X,der(X),t(X;X)(p;q) 1 1.64% 1 2.27%
Total 17 27.87% 13 29.55%

C 
Mosaic form with numeric
anomaly

45,X/46,XX 2 3.28% 1 2.27%
45,X/47,XXX 1 1.64% 0 0%
Total 3 4.92% 1 2.27%

D 
Mosaic form with presence of 
Y chromosome 

45,X/46,XY 5 8.19% 4 9.09%
Total 5 8.19% 4 9.09%

E 
Non-mosaic 46,X,der(X)

46,X,i(Xq) 5 8.19% 4 9.09%
46,X,r(X) 1 1.64% 1 2.27%
Total 6 9.83% 5 11.36%

Total 61 100% 44 100%

Table 1.
Frequency of karyotype for all TS patients and TS patients who attained NAH. 
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patients, 6 (13.6%) had spontaneous breast development, and 4 
(9.1%) had complete spontaneous pubertal development with 
menarche. Nine of them had pubertal arrest and subsequently 
received estrogen-progestin replacement. At the time before 
onset/induction of puberty, they had -3.11±1.04 z-score, gaining 
from the start of treatment to that time 0.50±0.46 z-score and 
over the entire period of puberty 0.38±0.56 z-score in the 
height. Moreover, these changes were statistically significant 
(P=0.000). After the entire treatment period mentioned above, 
all 44 patients reached NAH expressed in the HAZ at the end of 
treatment with -2.73±0.87 z-score, benefiting from the start of 
treatment, a total of HAZ gained by 0.88±0.56 in z-score, and 
this means change is statistically significant (Table 2). At the 
end of the rhGH therapy, all the patients grew by 17.70±12.53 
cm, but only 6 (13.6%) patients reached the target projection 
for MPH.

The Pearson correlation analysis was performed 
between HAZ at the end of treatment and near-final height in 
cm with various parameters. The results showed that only six 

variables had a good correlation with HAZ at the end of 
treatment in our patients: HAZ at the start of treatment, treatment 
duration, HAZ before induced puberty, BMI z-score at the 
start of therapy, rhGH dose, and MPH; HAZ before induced 
puberty and HAZ at the start of treatment showed the strongest 
correlation with HAZ at the end of treatment (Figure 2).

Other variables, such as the age at starting treatment, BA 
at starting treatment, BAD, and age of induced puberty, had 
negative correlations with HAZ at the end of treatment, but 
they were not statistically significant. 

On the other hand, NAH expressed in cm also correlated 
well with variables mentioned above: HAZ at start of 
treatment, treatment duration, HAZ before induced puberty, 
BMI z-score at start of therapy, rhGH dose, and MPH; HAZ 
before induced puberty and HAZ at start of treatment showed 
the strongest correlation with HAZ at the end of treatment 
(Figure 3). Other variables, such as age at starting treatment, 
BA at starting treatment, BAD, and age of induced puberty, had 
weak negative correlations with HAZ at the end of treatment.  

Monosomy (A) Non – monosomy 
(B, C, D, E) P-value Total

N 21 23 44

Age at starting treatment, years 12.62±3.26 12.74±2.88 0.899 12.68±3.03

Dose of rhGH, mg/kg/day 0.04±0.008 0.05±0.074 0.344 0.05±0.077

HAZ-score at the start of treatment -3.87±0.88 -3.38±1.00 0.091 -3.62±0.96

BMI z-score at the start of treatment -0.08±1.13 0.44±1.39 0.176 0.19±1.28

BA at starting treatment, years 10.15±2.84 10.29±2.37 0.858 10.22±2.57

BAD, years 2.47±0.63 2.44±0.78 0.915 2.46±0.71

MPH, cm 162.04±6.59 164.13±7.30 0.328 163.13±6.97

Age of induced puberty, years 13.35±1.80 13.78±1.78 0.426 13.58±1.78

Age of first menarche, years 14.38±1.63 15.02±1.46 0.226 14.68±1.55

Age at the end of treatment, years 15.88±1.47 16.64±1.72 0.124 16.28±1.63

Treatment duration, years 3.26±2.20 3.91±2.32 0.353 3.60±2.26

BMI z-score before puberty induced -0.06±1.16 0.56±1.17 0.085 0.26±1.19

BMI z-score at the end of treatment 0.40±1.15 0.88±0.89 0.129 0.65±1.04

HAZ-score before puberty induced -3.42±0.99 -2.83±1.04 0.061 -3.11±1.04

∆-HAZ change before puberty 0.45±0.41 0.55±0.51 0.489 0.50±0.46

∆-HAZ change during puberty 0.325±10.48 0.43±0.64 0.553 0.38±0.56

∆-HAZ change during treatment 0.78±0.34 0.98±0.70 0.245 0.88±0.56

HAZ-score at the end of treatment -3.10±0.73 -2.40±0.87 0.007 -2.73±0.87

∆-cm change during treatment 17.68±13.14 17.72±12.25 0.992 17.70±12.53

NAH, cm 142.15±5.28 146.76±6.88 0.017 144.56±6.53

Table 2.
The characteristics of patients at the start of treatment and the progress of growth indicators during treatment.
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Characteristics of patients and results of treatment 
under the perspective of chromosomal groups

When starting treatment, the patient age in the MG and 
n-MG was 12.62±3.26 and 12.74±2.88 years, respectively. 
No statistically significant difference was identified about the 
age of diagnosis/start of therapy between karyotypic groups 
(P=0.899). 

At the start of the treatment, BA was 0.14 years older 
in the n-MG, and the BAD was 0.023 years smaller in the 
n-MG. However, this difference in means between the two 
groups for those parameters was not statistically significant 
(P=0.858 and P=0.915, respectively). Treatment duration 
with rhGH was longer in the n-MG (3.91±2.32 years), 
compared to the MG (3.26±2.20 years), but this difference 
was not statistically significant (P=0.353). 

The most pronounced shortness at the beginning 
of therapy was identified in the MG (3.87±0.88 z-score), 
compared to the n-MG (3.38±1.00 z-score), but this difference 
was not statistically significant (P=0.091) (Figure 3A). No 
statistically significant difference was identified in BMI for age 
between the two groups (P=0.176). The MG started puberty 
slightly earlier than the n-MG (13.35±1.80 vs 13.78±1.78 
years), but this difference was not statistically significant. The 
MG experienced their first menstrual bleeding a little earlier 
than the n-MG (14.38±1.63 vs 15.02±1.46), but this difference 
was not statistically significant. Before the onset/induction of 
puberty, the MG was shorter than the n-MG (-3.42±0.99 vs. 
-2.83± 1.04 z-score), and this difference was not statistically 
significant (Figure 3B); both groups gained height throughout 
the pubertal period with no statistically significant differences 
between the two groups. 

The n-MG had a better total height gained than the 
MG in ∆-HAZ (0.98±0.70 z-score vs. 0.78±0.34 z-score) 
(Figure 3D) and in cm (17.72±12.25 cm vs. 17.68±13.14 
cm) (Figure 3E), but these changes were not statistically 
significant. NAH expressed in HAZ at the end of treatment 
was better in the n-MG (-2.40±0.87 z-score) than in the 
MG (-3.10±0.73 z-score), with statistically significant 
differences (Figure 3C). Moreover, the NAH expressed in 

cm was better in the n-MG (146.76±6.88 cm) than in the 
MG (142.15±5.28 cm), and these changes were statistically 
significant (P=0.017) (Figure 3F).

Analysis according to chromosomal subgroups, showed 
that the best result of NAH expressed in z-score was in 
Subgroup D  (“Mosaic form with presence of Y chromosome”) 
with -1.94 z-score followed by Subgroup C (“Mosaic form with 
numeric anomaly”) with -2.43 z-score, Subgroup B (“Mosaic 
form with Structural Abnormalities of the X Chromosome”) 
with -2.45 z-score, Subgroup E (“Non-mosaic 46, X, der(X)”) 
with -2.70 z-score and finally Subgroup A  (“Monosomy”) 
with -3.09 z-score (Figure 4). Differences in the means of 
heights in z-score between chromosomal subgroups were 
statistically significant (P=0.035).

Discussion
This study reflected our experiences using rhGH in TS 

patients. It is now well known that using rhGH effectively 
improves adult height in patients with TS. Our patients 
improved NAH by 0.88 z-score throughout treatment, or 17.7 
cm in height from the start of treatment for a total duration 
of 3.6 years. As in the other indications for the use of rhGH, 
such as GH deficiency, the results depend on many different 
factors, such as the age at the start of the therapy, such as 
the duration of the treatment, the dose of the medication, the 
height for the age at the beginning of the treatment, the time 
of the onset of puberty, and MPH (which reflects the genetic 

Fig. 2. Correlations of HAZ score at the end of treatment with 
(A) Treatment duration, (B) HAZ score before puberty induced, 
(C) HAZ score at the start of treatment, (D) BMI z-score at start 
of treatment, (E) Mean rhGH dose and (F) MPH.

 
     Figure(A) [Mean diff.=-.49; p=.091] 

 
      Figure(B) [Mean diff.=-.59; p=.061] 

 
     Figure (C) [Mean diff.=-.69; p=.007] 

 
    Figure(D) [Mean diff.=-.19; p=.245] 

 
       Figure(E) [Mean diff.=-.04; p=.992]  

      Figure(F) [Mean diff.=-4.61; p=.017] 

 Fig. 3. Differences in means between monosomy and non-
monosomy groups for (A) HAZ score at baseline, (B) ∆-HAZ 
change during puberty, (C) HAZ-score at the end of the treatment, 
(D) ∆-HAZ change during treatment, (E) HAZ-cm change during 
treatment, (F) NAH.

Fig. 4. HAZ-score at the end of treatment based on chromosomal 
subgroups.
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predisposition for height). From these points of view, we 
analyzed the results of our study. 

The final height in our study showed good positive 
correlations with HAZ at the start of treatment, the treatment 
duration, HAZ before puberty was induced, BMI z-score 
at the beginning of treatment, rhGH dose, and MPH. Other 
indicators, such as the age at starting treatment, BA at starting 
treatment, BAD, and age of induced puberty, had a weak 
negative correlation with HAZ at the end of treatment. 

A significant factor that could influence the therapy and 
its results is the age at which treatment was started. It was 
shown that the best response to the treatment was correlated 
with the age of starting treatment, whereby the girls with TS 
who began the therapy earlier tended to grow better.(5,6) The 
duration of the treatment is generally a function of the age 
at the start of the treatment, which means that the younger 
the age at the start of the treatment, the longer the treatment 
period. From this point of view, our patients started the 
treatment relatively late, compared to other studies. A study 
by Rosenfeld et al.(7) showed that long-term treatment with 
doses higher than the replacement doses applied in treating 
GH deficiency could increase height during childhood and 
final adult height in TS. In that study, with two groups of 
patients with TS separated into those who used only GH and 
the group that used GH and oxandrolone, the age at the start 
of GH therapy was 9.1 years and 9.9 years, respectively; the 
duration of treatment was 7.6 years and 6.1 years, and final 
height was 150.4 cm and 152.1 cm, respectively. Compared 
to that study, the age of our patients was 12.6 years, older 
than the ten years of the Rosenfeld et al. study. Our patients 
continued the therapy for about 3.6 years, approximately 
half of the treatment time of the study above, and gained 
during the entire treatment period about 17.7 cm in height 
with an average annual growth of 4.9 cm/year and reaching 
a near-final height of 144.56 cm, significantly shorter than 
the patients in the study above. Another study(8) indicated 
that when GH therapy was initiated at nine years of age, 
final height improved by approximately 8 cm/year, against 
a height gain of approximately 6 cm/year when therapy was 
started at 11-13 years, therefore, recommendations for the 
diagnosis and management of TS state that ‘‘initiation of GH 
therapy should be considered as soon as a patient with TS 
has dropped below the fifth percentile of the normal female 
growth curve.”(9) Growth failure sometimes begins prenatally, 
and most girls with TS demonstrate growth failure within the 
first 3 years of life. 

Other factors that could influence the therapy and its 
results are the height of the parents and HAZ before starting 
puberty. In our study, MPH showed an excellent correlating 
variable with NAH and HAZs at the end of treatment, which 
shows the genetic influence on height growth. However, only 
six patients (13.6%) reached the MPH target after treatment. 
The pubertal spurt is absent even in those girls with spontaneous 
pubertal development. These alterations make short stature (a 
20cm deficit in the final height) one of the main features of 
TS.(10) Patients with TS gain more height during the prepubertal 
period than in the pubertal period. Even in our study, the gain 
in height z-score was more significant during the period before 

the induction of puberty (0.50±0.46 z-score), compared to that 
during the pubertal period (0.38±0.56 z-score). 

Besides the classic karyotype 45,X, other karyotype 
abnormalities can occur in TS, such as duplications of the long 
arm (q) of the X chromosome with concurrent loss of the short 
arm (p) to constitute an isochromosome (isoXq); ring formation 
(rX); deletions of the short and long arm of the X chromosome 
(Xp- or Xq-); mosaicisms (45, X/46, XX); or karyotypes with 
the presence of the entire Y chromosome or parts of it.(11) 
Patients with TS and deletions at the end of the short arm 
of the X chromosome (Xp-), including haploinsufficiency of 
the SHOX gene, have short stature and different orthopedic 
abnormalities.(12) Most girls with TS inherit just one copy 
of the SHOX gene. This state of haploinsufficiency seems 
to be substantially responsible for the height deficit in these 
patients.(13,14) 

In our study, we analyzed the result of the treatment 
from the point of view of chromosomal abnormalities. The 
analysis of the results showed that the outcomes of rhGH 
treatment were better in the non-monosomy group than in the 
monosomy group. In a study similar to our research carried 
out in Poland (15) involving 57 patients with TS, treated for 
three years, the authors concluded that the use of rhGH 
improves the length of all abnormal karyotypic groups of TS 
patients, but these results were more satisfactory in patients 
with marker chromosome or Y chromosome and patients with 
X-mosaicism. It should be noted that the 3.6-year therapy 
using rhGH improved the height of all groups of our patients 
with TS expressed in terms of NAH and HAZ at the end 
of treatment. Although there were no statistical differences 
in means regarding HAZ at the start of therapy, treatment 
dose, duration of treatment, and MPH between groups with 
monosomy and non-monosomy, the best outcomes were 
achieved in patients with mosaic form with the presence of 
the Y chromosome and in patients with mosaic form with 
structural abnormalities of the X chromosome.

TS patients with monosomy (45,X) and non-mosaic 
46,X, der(X) had a shorter final height than patients with other 
chromosome abnormalities. Some other studies (16,17) reached 
the same conclusion: TS patients with the karyotype 45,X, and 
patients with isochromosomes of the long arm of X tend to 
have a shorter final height than patients with other types of 
chromosome abnormalities.

Conclusion
Treatment with rhGH is effective in Albanian 

pediatric patients with TS. Our study showed that treatment 
started relatively late, approximately 12.7 years, with the 
recommended doses (0.05 mg/kg/day) in a relatively short 
period, compared to studies in the literature (approximately 3.6 
years), resulting in NAH for all patients, which is considered 
a significant improvement, compared to HAZ at the beginning 
of treatment. Our pediatric population with TS recovered in 
height of approximately 0.9 z-score or 17.7 cm for about 3.6 
years of therapy with a growth velocity of 4.9 cm/year. Based 
on our results, we conclude that only a minority of 6 out of 44 
children with TS treated with GH achieved their genetic height 
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potential, benefiting more in height during the prepubertal 
period than in the pubertal period. Better outcomes of rhGH 
treatment were observed in the non-monosomy group than in 
the monosomy group.

Moreover, the best results were obtained in the 
subgroups with marker or Y chromosomes and in patients with 
X-mosaicism within the non-monosomy group. This study 
highlighted the importance of early diagnosis and starting 
early treatment in children with TS. This is to ensure adequate 
duration of therapy to optimize the prepubertal growth so that 
the height prognosis of these children can be further improved. 
Of course, the treatment results depend on many other factors, 
including the type of karyotypic anomaly.
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Abstract
Background: Complex high anal fistulas challenge treatment efforts, necessitating innovative approaches that balance 

healing with sphincter preservation.
Methods and Results: In a prospective study at Tikrit Teaching Hospital, 39 patients with complex high anal fistulas 

underwent treatment with loose silicone setons, guided by preoperative MRI mapping. The efficacy of this method was evaluated 
through follow-up visits at 1, 3, and 6 months, focusing on fistula healing, recurrence rates, continence preservation (assessed by 
the Wexner Continence Score), and patient satisfaction.

Complete healing was achieved in 31 patients (79.5%), with a recurrence rate of 7.7%. There was a significant improvement 
in continence, with the mean Wexner score reducing from 3.5 to 1.2 (P<0.001). Moreover, 85% of patients expressed satisfaction 
with their treatment outcomes. 

Conclusion: The combined use of loose silicone setons and MRI mapping presents an effective, satisfactory method for 
managing complex high anal fistulas. This technique ensures high healing rates, significantly preserves sphincter function, and 
achieves high patient satisfaction.(International Journal of Biomedicine. 2024;14(2):282-285.)
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Introduction
Complex high anal fistulas represent a significant 

therapeutic challenge in colorectal surgery due to their intricate 
course and close relationship with the anal sphincters.(1) The 
loose seton technique has been recognized as a sphincter-
preserving method, offering a balance between effective 
treatment and the preservation of anal function.(2-4) However, 
one of the key challenges in the management of complex 
fistulas is the accurate identification and assessment of the 
fistulous tract.(5,6)

Magnetic resonance imaging (MRI) has emerged as a 
crucial tool in the preoperative assessment of anal fistulas, 
it provides detailed visualization of the fistula’s path, its 
relationship with the sphincter complex, and any associated 
abscesses.(7,8) This information is vital for surgical planning; 
allowing for a targeted approach that minimizes sphincter 
disruption (Figure 1 and Figure 2).

This study aims to evaluate the effectiveness of the loose 
seton technique for the treatment of complex high anal fistulas, 

assisted by MRI for defining the fistula tract. Specifically, it 
seeks to assess the accuracy of fistula tract identification, the 
success rate of the procedure, the preservation of sphincter 
function, and the incidence of recurrence.

Fig. 1. MRI T2 coronal oblique image shows 
a large sinus tract crossing the midline. 
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Materials and Methods
Study Design and Setting
This prospective study was conducted at Tikrit Teaching 

Hospital, focusing on patients diagnosed with complex high 
anal fistulas. The study aimed to evaluate the effectiveness of 
the loose seton technique, enhanced by MRI, for defining the 
fistula tract.

A total of 39 patients were included in the study, based 
on the following inclusion criteria: adults aged 18 years and 
older; diagnosed with complex high anal fistula, as confirmed 
by clinical examination and preoperative MRI; no previous 
anal fistula surgery; consent to participate in the study.

Exclusion criteria were the presence of an acute anal 
abscess, low anal fistulas not involving the sphincter complex, 
and patients with contraindications to MRI.

Intervention
All patients underwent a detailed preoperative 

assessment, including MRI, to map the fistula tract. Silicone 
setons were used in the loose seton technique for all patients, 
which involved the careful placement of the seton to allow 
for drainage and gradual fistula-tract fibrosis without cutting 
through the sphincter muscle.

Surgical Procedure
The procedure was performed under general anesthesia. 

Following the MRI and proctoscopic evaluations, the external 
opening of the fistula was identified and cannulated with a 
probe. A silicone seton was then threaded through the tract 
and loosely tied around the sphincter muscle to avoid tension. 
Silicone was chosen as the material for the seton due to its 
biocompatibility, flexibility, and minimal irritation to the 
surrounding tissues.

Postoperative Care and Follow-up
Patients were discharged with instructions on seton 

care, including hygiene and monitoring for signs of infection. 
Follow-up visits were scheduled at 1, 3, and 6 months 
postoperatively, including clinical examination and a repeat 
MRI at the last follow-up to assess fistula healing and any 
changes in the fistula tract.

Outcome Measures
The primary outcomes measured were the healing rate 

of the fistula, defined as the closure of the external opening 
and absence of discharge; recurrence rate within the follow-up 
period; preservation of continence assessed using the Wexner 
Continence Score; and patient satisfaction, measured through 
a post-treatment questionnaire.

Statistical Analysis
Statistical analysis was performed using the statistical 

software package SPSS version 25.0 (SPSS Inc, Armonk, NY: 
IBM Corp). Descriptive statistics were used to summarize 
patient demographics and clinical characteristics. The Kaplan-
Meier method was employed to estimate healing and recurrence 
rates. The significance of differences between preoperative 
and postoperative continence scores was evaluated using the 
paired t-test, with a P-value < 0.05 considered statistically 
significant.

Results
The study included 39 patients (28 males and 11 

females) with an average age of 45±12 years (range 18-65 
years). All patients presented with symptoms of complex high 
anal fistulas and underwent the specified treatment protocol at 
Tikrit Teaching Hospital (Table 1).

Fistula Healing and Recurrence Rates

At the end of the 6-month follow-up period, 31(79.5%) 
out of 39 patients showed complete fistula healing. The 
recurrence rate was observed in 3(7.7%) patients. The Kaplan-
Meier survival analysis indicated a significant improvement in 
fistula healing over the follow-up period (P<0.05) (Table 2).

Fig. 2. MRI T2 coronal oblique image: 
the red line shows the course of the sinus tract.

Characteristic Value

Total number of patients 39

Age (years), (mean ± SD) 45 ± 12 

Gender (Male/Female) 28/11

Previous fistula surgery No

Type of fistula (according to MRI)
         Transsphincteric
         Suprasphincteric

25
4

Table 1.
Patient Demographics and Clinical Characteristics.

Outcome Number of Patients Percentage

Complete healing 31 79.5%

Recurrence 3 7.7%

No change 5 12.8%

Table 2.
Fistula Healing and Recurrence Rates.
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Continence Preservation
Continence was assessed using the Wexner Continence 

Score. Preoperative scores ranged from 0 to 12 (mean 
3.5±2.1). Postoperatively, scores improved significantly, with 
a mean postoperative score of 1.2±1.5, indicating a significant 
preservation of continence following the procedure (P<0.05) 
(Table 3).

Patient Satisfaction
The patient satisfaction questionnaire revealed that 85% 

of patients were satisfied or very satisfied with the outcome 
of their treatment, reporting improved quality of life without 
significant discomfort or incontinence issues (Table 4).

Discussion
The present study’s findings indicate a promising 

approach to managing complex high anal fistulas, with a 
significant healing rate of 79.5% and a low recurrence rate 
of 7.7% over a 6-month follow-up period. These outcomes 
are notable, considering the complexity of the fistulas treated 
and the priority placed on sphincter preservation. Integrating 
MRI for surgical planning and using loose silicone setons has 
contributed to these favorable outcomes.

The use of MRI in the preoperative assessment aligns 
with the recommendations of recent studies, which highlight 
its utility in accurately mapping fistula tracts and identifying 
associated abscesses. This accuracy in mapping is crucial for 
surgical planning, particularly for complex fistulas, where 
traditional examination methods may not suffice.(11,12)

The significant preservation of continence observed, 
with an improvement in Wexner Continence Scores 
postoperatively, underscores the importance of sphincter-
preserving approaches. These findings are consistent with 
the work of several studies, which also reported high rates of 

continence preservation using similar techniques.(13-16)

Patient satisfaction levels reported in this study 
reinforce the clinical relevance of these outcomes. The high 
satisfaction rate among participants suggests that combining 
MRI with the use of loose silicone setons not only addresses 
the physical aspects of fistula management but also positively 
impacts patients’ quality of life. This aspect of treatment 
is increasingly recognized in the literature as an essential 
measure of success.(17-19) 

Conclusion
This study contributes valuable insights into the 

management of complex high anal fistulas, highlighting the 
efficacy of a multimodal approach involving MRI and loose 
silicone setons. As the field evolves, continued innovation and 
research are essential to refine these techniques and improve 
patient outcomes.
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Abstract
Background: In patients with advanced breast cancer (BC), distant metastases happen mainly in the skeleton. This study 

aimed to investigate the role of 99mTc-MDP SPECT/CT in the differential diagnosis of malignant bone lesions from degenerative 
benign bone diseases in female BC patients.

Methods and Results: The study included 39 female BC patients who underwent a baseline 99mTc-MDP SPECT/CT 
bone scans. After lesion detection, a quantitative radiotracer uptake analysis was conducted, and the standardized uptake value 
(SUVmax) was identified in each patient, and the data were then statistically analyzed. SUVmax values were significantly higher 
in BC patients with malignant metastasis than in patients with degenerative changes (33.04±15.3 vs. 13.25±5.46 g/mL, P<0.05). 
The SUVmax cut-off value of 22.75 g/mL (25th percentile) obtained through box plot analysis can help to discriminate metastatic 
from degenerative lesions. The logistic regression analysis indicated that the SUVmax was a significant predictor of metastatic 
BL (P<0.001, OR = 159.90, B=5.07).

Conclusion: Our results suggested that quantitative analysis of the 99mTc-MDP SPECT-CT data can improve diagnostic 
accuracy in differentiating malignant metastatic bone lesions from degenerative bone lesions in high-risk BC patients.(International 
Journal of Biomedicine. 2024;14(2):286-290.)
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volume of interest.

Introduction
Worldwide, BC is the most frequent tumor and occupies 

the first position in terms of incidence among women and 
the fifth position in terms of mortality.(1,2) For females, BC, 
colorectal cancer, and lung cancer account for 51% of all new 
diagnoses, with BC alone accounting for 32% of patients.(3) 
In Saudi Arabia, epidemiological studies reported that BC 
incidence was 19.8% of all tumor patients.(4,5)

In patients with advanced BC, distant metastases happen 
mainly in the skeleton. It was reported that 30%-85% of BC 

cases will develop bone metastases.(6,7) The thoracic spine, 
pelvis, and sternum are the most susceptible sites to metastases. 
However, some other bones are also involved in metastases, 
such as the femur, skull, and pelvis.(8-10) Bone metastases 
usually cause skeleton-related events such as hypercalcemia, 
pain, bone fractures, and spinal cord compression; thus, bone 
metastases in BC patients heavily affect patients’ prognosis, 
life quality, and therapy procedure.(11) Consequently, skeletal 
metastasis response assessment and early diagnosis are even 
more important.(12,13) Moreover, sometimes, it is very difficult to 
make a differential diagnosis between degenerative benign and 
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malignant bone disease.(14) Despite planar bone scanning’s, 
well-known limitations, such as poor specificity in response 
assessment and staging, it remains the main technique for 
detecting and staging skeleton lesions in cases of bone 
metastases risk.(7,15) Bone scanning accuracy is significantly 
improvable with the addition of single photon emission 
computed tomography combined with computed tomography 
(SPECT/CT).(16,17)

For visualizing skeletal lesions, bone scintigraphy using 

99mTc-labelled methylene diphosphonate (99mTc-MDP) is the 
most frequent examination, including primarily either cancers 
or metastatic sites in other tumors, like BC.(7,13) To evaluate 
bone metastasis, whole-body bone scans using 99mTc-MDP are 
the most routine test.(18) The 99mTc-MDP biological distribution 
reveals high uptake in the urinary system and skeletal structure.(7) 

This study aimed to investigate the role of 99mTc-MDP 
SPECT/CT in the differential diagnosis of malignant BL from 
degenerative benign bone diseases in female BC patients 
using an SUV (standardized uptake value) cut-off value.

Materials and Methods
Study design and patients’ coherent and imaging 

protocol 
Data were collected retrospectively, from January 

2016 to March 2023. The information was gathered from 
two distinct database sources. The study included 39 female 
patients with BC. All patients underwent a baseline 99mTc-
MDP SPECT/CT bone scan before their treatment, for staging 
purposes. However, any patients who had received therapy 
were excluded from the study. 

The first database source was from Riyadh City 
Hospitals (Saudi Arabia). Patients had a baseline SPECT/CT. 
The dose was calculated using the patient’s body weight, and 
an intravenous injection of 555-851 MBq equivalent to 15-23 
mCi of 99mTc-MDP was administered. Images were taken 3 
hours following the injection. A hybrid, SPECT/CT, dual-head 
gamma camera (GE Discovery D670) was used. Emission 
data were acquired using a parallel-hole, low-energy, high-
resolution collimator with the patient in the supine position. 
The acquisition orbits were body contour orbits over 360° 
arcs, with 60 stops, each 6°. For 60 stops, emission data were 
acquired for 30 seconds per stop. The image acquisition matrix 
was 128×128, and the pixel size was 4.8 mm. Images were 
acquired on the 140 keV photo-peak with a 20% symmetrical 
window. SPECT was followed by CT examination with 
acquisition parameters of 130 kV, 100 mAs, Pitch-1, and 
512×512 matrix using standard filters.

Additional secondary data were collected from an 
open-source platform, the Cancer Imaging Archive (TCIA), 
to improve the research analysis. TCIA is a service that 
provides a massive, publicly accessible archive of cancer-
related medical images; it is financed by the Cancer Imaging 
Program. SPECT/CT data from University of Illinois Hospital 
was gathered from the second source. The patients had a bone 
scan for staging before they received their treatments, based 
on their body weight; (444–703 MBq), equivalent to 12–19 
mCi of 99mTc-MDP intravenous injection, was administered, 

and a Siemens SPECT-CT camera was utilized to obtain the 
images after 3 hours of injection.

Image interpretation and quantitative assessment 
The first database source images, from Riyadh City 

Hospital, were displayed on a workstation (GE Xeleris 4.0) for 
diagnosis by two experienced physicians, the initial qualitative 
examination was performed. As the physicians indicated, 
many regions with increased radiotracer activity were seen; 
out of the total number of patients, five were confirmed to 
have BC with bone metastases, with a mean age of 61±5 years. 
In contrast, four patients had confirmed BC but without bone 
metastases, with a mean age of 63±7 years. Next, Volumetrix 
GE Healthcare’s Xeleris software was used to perform the 
quantitative SUV analysis using the following formula:(20)

where C (T) reflects the radioactive concentration at a 
point in time.

The different SUVmax based on lean body mass 
for each patient was obtained. According to the vendor’s 
recommendation, a volume of interest (VOI) was drawn using a 
multimodality computer platform, and then the SUVmax results 
were measured.

Regarding the second database, TCIA images revealed 
13 patients with confirmed BC and bone metastasis with 
a mean age of 65±8 years, and 17 patients with confirmed 
BC and without bone metastasis with a mean age of 67±10 
years. To obtain the quantitative analysis, we transferred the 
TCIA images to the 3D-slicer platform (version 4.10).(21) The 
SUVmax values were calculated from each segment using 
PET DICOM Extension installed on a 3D slicer.

Statistical analysis was performed using the statistical 
software package SPSS version 20.0 (SPSS Inc, Armonk, NY: 
IBM Corp). The normality of the distribution of continuous 
variables was tested by a one-sample Kolmogorov-Smirnov 
test. For comparisons between 2 independent groups, Student’s 
t-test was applied. The boxplot was performed to define the 
cut-off value.(22) A logistic regression analysis was conducted 
to determine whether the SUV could predict the presence of 
degenerative or metastatic bone lesions. A probability value of 
P<0.05 was considered statistically significant.

Results
SUVmax values differentiated malignant lesions from 

degenerative bone changes 
99mTc-MDP SPECT/CT (Figure 1) was performed for all 

patients, and the VOI was manually delineated for each image. We 
Collected the calculated SUVmax values for 39 patients with 
metastasis or degenerative changes (DC). In the normality test, 
SUVmax values of both metastasis (Figure 2A) and degenerative 
alterations (Figure 2B) were normally distributed. Quantitatively, 
SUVmax values were significantly higher in BC patients with 
malignant metastasis than in patients with DC (33.04±15.3 vs. 
13.25±5.46 g/mL; P<0.05; Table 1). In the box plot, the cut-off 
was determined (25th percentile - 22.75 g/mL). The lower and 
upper quartiles and the median for metastasis (22.75, 45.11, and 

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 =
𝐶𝐶𝐶𝐶(𝑇𝑇𝑇𝑇)

[𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑖𝑖𝑖𝑖𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑖𝑖𝑖𝑖 (𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀)/𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑤𝑤𝑤𝑤𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑤𝑤𝑤𝑤ℎ𝑖𝑖𝑖𝑖(𝑘𝑘𝑘𝑘𝑤𝑤𝑤𝑤)] 
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30.27 g/mL, respectively) were higher than DC (9.50, 16.48, and 
12.31 g/mL, respectively). 

The logistic regression analysis indicated that the 
SUVmax was a significant predictor of metastatic BL 
(P<0.001, OR = 159.90, B=5.07; Table 2).

Discussion
BC represents one of the most frequently diagnosed 

tumors in female patients, with up to 75% of the patients 
with advanced stages of BC developing malignant metastatic 
BL.(23) In cancer patients, a planar whole-body bone scan is a 
sensitive and robust imaging technique to evaluate the presence 
of skeletal involvement. Unfortunately, this method suffers 
from low specificity and cannot differentiate benign skeletal 
lesions from malignant ones.(7,17) Thus, early detection of 
bone metastasis and differentiation from degenerative benign 
BL using molecular imaging modalities, such as SPECT-CT, 
is important for patient follow-up and therapeutic purposes.(24) 

This study aimed to investigate the role of 99mTc-
MDP SPECT/CT in the differential diagnosis of malignant 
BL from degenerative benign bone diseases in female 
BC patients using an SUVmax cut-off value. SUVmax 
values calculated from 99mTc-MDP SPECT/CT bone 
scan were normally distributed in both metastasis and 
degenerative alterations. SUVmax values were significantly 
(P<0.05) higher in BC patients with malignant metastasis 
(33.04±15.3 g/mL) than in patients with degenerative changes 
(13.25±5.46 g/mL). The box plot revealed a cut-off equal to 
22.75 g/mL, and the logistic regression analysis indicated 
that SUVmax was a significant predictor of metastatic BL 
(P<0.001, OR= 159.90, B=5.07).

Skeletal structure uptake of radioactivity usually overlaps 
with radiopharmaceutical accumulation in several other benign 
disorders and situations, such as degenerative changes, trauma, 
and infection.(7,25) To a certain degree, SPECT-CT imaging 
resolves overlying activity superimposition, which causes a 
more accurate anatomical localization of skeletal lesions and 
helps differentiate malignant and benign lesions.(7,25) 

Like our findings, other authors have reported that 
quantitative analysis of SPECT-CT data can enhance diagnostic 
accuracy in differentiating degenerative benign lesions from 
metastatic BL, leading to better follow-up and appropriate 
therapy in metastatic BC patients.(24) Arvola et al.(26) compared 
SUVmax between 18F-NaF PET/CT and 99mTc-HDP SPECT/CT 
in bone metastases of BC and prostate cancer. They found that 
the measured SUVs very strongly correlated between PET and 
SPECT (R2≥0.80, P<0.001), and this demonstrates that SPECT is 
an applicable tool for clinical quantification of bone metabolism 
in bone metastases in prostate cancer and BC patients. In 
metastatic BL, Gherghe et al.(24) reported that the SUVmax 
value of SPECT-CT was significantly greater than degenerative 
lesions. At a comparable cut-off value (16.6 g/mL) with our 
results, they found that SPECT-CT revealed a specificity of 
93.3% and a sensitivity of 91.5%.(24) In prostate cancer patients, 
Rohani et al. evaluated bone scans with 99mTc-MDP SPECT/CT 
in differentiating patients with bone metastases from those with 
degenerative joint disease.(27) SUVmax was significantly greater 
in bone metastases than in normal vertebrae. SUVmax cut-off 
value ≥20 gave a specificity of 85.4% and a sensitivity of 73.8% 

Fig. 1. 99mTc-MDP SPECT/CT bone scan of a 57-year-
old female with a history of breast cancer who suffers 
from degenerative hip joints.

Fig. 2. (A) SUVmax values for metastatic lesions and (B) 
degenerative alterations.

Lesion type Number Minimum Maximum Mean SD t-testP-value
Metastatic 18 7.44 65.8 33.04 15.3

5.21 <0.05Degenerative 21 3.74 25.2 13.25 5.46

Table 1. 
Comparison of SUVmax values between BC patients with malignant 
bone metastasis and patients with benign degenerative changes. 

Model Summary
-2 Log likelihood Cox & Snell R Square Nagelkerke R Square
26.76 .50 .67

Classification Table
Observed Predicted

Step 1 Patient Metastasis
DC

Metastasis DC Percentage
Correct

15
3

3
18

83.33
85.71

Overall percentage 84.62

Variables in the Equation

B S.E. Wald df Sig. Exp(B) 95% CI for Exp(B)
Lower       Upper

Step 1 SUVmax
Constant

-.24
5.07

.08
1.55

10.33
10.74

1
1

.001

.001
.78

159.90 .68 .91

Table 2.
Results of the logistic regression analysis.
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in differentiating bone metastases from degenerative joint 
disease.(27) Also, in patients with prostate cancer, Kuji et al.(28) 
evaluated the role of the skeletal SUVs by 99mTc-MDP SPECT/
CT for differentiating active bone metastases from degenerative 
changes. They found that skeletal SUVmax may be helpful 
indices for bone metastatic prognostication, enhancing the 
discrimination of active bone osteoblastic metastases from 
frequently coexisting degenerative changes in patients with 
prostate cancer. Some studies revealed that SPECT/CT using 
different radiotracers significantly reduced equivocal findings in 
diagnosing bone metastases, which implies improved diagnostic 
confidence.(29-31)

In conclusion, our results suggested that quantitative 
analysis of the 99mTc-MDP SPECT-CT data can improve 
diagnostic accuracy in differentiating malignant metastatic 
BL from degenerative BL in high-risk BC patients. In BC 
patients, the SUVmax cut-off value of 22.75 g/mL obtained 
through box plot analysis can help to discriminate metastatic 
from degenerative lesions. Interpatient comparison, patient 
follow-up, and evaluation of treatment effectiveness may 
represent further benefits in performing 99mTc-MDP SPECT-
CT SUVmax calculation. To use these findings in clinical 
practice, further extensive studies are required.
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Abstract
Microwave ablation is a minimally invasive cancer treatment with high survival and low recurrence rates. Despite the 

unquestionable benefits of microwave ablation, the interaction between the medical tool and the tissue may cause damage to the 
surrounding tissue, which can be removed by clarifying the conditions for their development. In addition to clinical methods, 
computer simulation has proven to be a very effective tool to optimize microwave ablation performance. This study aimed to 
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Introduction
Liver cancer is not only one of the most common cancers 

in the world, but it is also the fastest-growing cause of cancer-
related death.(1-4) Microwave ablation (MWA) at 2.45 GHz is 
considered as a minimally invasive procedure with a higher 
overall survival rate than external beam radiation therapy 
and proton beam therapy.(5,6) Furthermore, MWA is highly 
recommended as a rapid treatment with a short recovery 
time for COVID-19 patients with liver tumors.(7) Although 
the success rate of eliminating small liver tumors by MWA is 
higher than 85% for large tumors, the completion rates slightly 
decrease.(8,9) 

The mechanism underlying MWA is associated with 
an increase in temperature above the normal physiological 
threshold to kill cancer cells with minimal damage to 
surrounding tissue.(10) A microwave antenna radiates a 
rapidly oscillating electromagnetic field that causes frictional 
heating of water molecules in the soft tissues around the field 
source.(11) The production of reliable near-spherical ablation 
zones depends on the antenna design. Recently, a compact 
multi-slot coaxial antenna was built to achieve an optimal 

ablation shape and proper impedance matching to the target 
tumor without damaging the surrounding healthy tissues.(12) 
Besides clinical studies, the role of computational models 
in predicting microwave ablation outcomes has significantly 
increased.(13,14) 

In this study, simulations were performed using a full 
three-dimensional (3D) MWA model,(15) which was developed 
and tested using the COMSOL Multiphysics platform.(16) A 
realistic tumor model based on a 3D CT scan of the tumor 
labeled as 1.02 in the 3D-IRCADb-01 liver tumors database 
(3D-IRCADb)(17) was given special emphasis. The main 
goal of this study was to determine the optimal input power 
to ensure complete tumor 1.02 (3D-IRCADb) ablation with 
minimal damage to the surrounding healthy tissue. Estimating 
the optimal power will ensure the best ratio of necrotic tissue 
to healthy tissue.

Methodology
To simulate microwave tissue ablation,(18) the model 

must contain three fundamental components. The antenna 
probe model contains a microwave field production in the 
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tissue. In the heat transfer equation, the second component 
describes the microwave field and blood perfusion as sources 
of heat and heat sinks, respectively. The third component 
deals with the effect of the heat on the destruction of the 
tumor cells. All components of the MWA model are 
affected by various material parameters that depend on 
tissue characteristics. Modeling MWA as a multiphysics 
problem involves modeling multiple physical phenomena, 
such as electromagnetic wave propagation, heat transfer, 
and tissue damage, that occur during the procedure.(18) 
Equations governing the calculations of the electric field 
distribution through the tissue and the heat generated by the 
electromagnetic field during MWA(18,19) have been described 
in previous publications.

In contrast to the frequently used spherical tumor 
geometry, which is artificial, our simulation model is based 
on a real tumor labeled as 1.02, which belongs to a female in 
the database 3D-IRCADb-01, which contains several sets of 
CT scans of patients (3D-IRCADb).(17) This tumor is relatively 
large (2.80 cm × 2.34 cm × 2.30 cm) and has an irregular 
shape, as shown in Figure 1.    

To determine the optimal input power, numerical 
simulations were performed for tumor 1.02 from the database 
(3D-IRCADb)(17) exposed to a frequency of 2.45 GHz and an 
input power in the range of 25–45 W. The parameters of the 
biological materials used in the numerical simulations were 
obtained from the literature.(10,19)

Results
Figure 2 shows the isocontours representing the tumor 

(triangulated surface) and surrounding healthy tissue (solid 
light brown surface). The optimal value of the input power 
corresponded to total tumor ablation with minimal damage 
to healthy tissues. An input power of 25 W did not ensure 
complete ablation of the tumor backside. When 35 W was 
applied, the ablation zone covered the entire tumor, but there 
was significant damage to healthy tissue. When the whole 
tumor was destroyed, the isocontours that best fit the necrotic 
tissue were achieved for an input power of 30 W, while healthy 
tissue was preserved.

Figure 3 shows the significance of the proper choice 
of the input power and ablation time. The ablation time was 
shortened from 600 to 560, 540, or 520 s when a power of 35, 
40, or 45 W was applied, respectively. However, even though 
the ablation time was shorter, the healthy surrounding tissues 
were heavily damaged compared with those treated with 30 
W for 600 s. These results indicate that the most efficient and 
safest MWA procedure is not always related to higher input 
power and shorter ablation time. Due to the dimensions of the 
tumor and its irregular shape, the formed ablation zones were 
elongated with a greater length along the shaft of the antenna 
than the transverse diameter. Elongated shapes are undesirable 
ablation patterns that cause damage to healthy tissues even if 
the ablation time is shorter.

Figure 4a shows the isocontours calculated for the 
optimal power of 30 W at temperatures of 40°C, 60°C, 70°C, 
80°C, and 90°C. 

Fig. 1. Schematic view of the liver (triangulated 
surface) with tumor 1.02 taken from the 
database (3D-IRCADb) (17) (solid surface).

Fig. 2. Isocontours composed of the totally ablated region (solid 
surface) after 600 s of MWA of tumor 1.02 (3D-IRCADb)(17) 

(triangulated surface) (for input power of 25, 30, and 35 W).

Fig. 3. Totally ablated regions (solid surface) around 
liver tumor 1.02 (3D-IRCADb)(17) (triangulated 
surface) for MWA with an input power of a) 35 W, 
b) 40 W, and c) 45 W during various ablation times.
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The absorbed energy is converted into thermal energy, 
leading to an increase in tissue temperature. Close to the 
antenna, where the heat source is strong, the temperature 
is higher. The temperature increases with the ablation time, 
reaching a maximum inside the tumor region, where all cancer 
cells are killed. The temperature decreased as the distance 
from the antenna decreased, where the heat source weakened. 
Blood perfusion limits the extent of the heated area. Figure 
4b illustrates isocontours related to damage fractions of 0.6, 
0.7, 0.8, 0.9, and 1 for an optimal input power of 30 W. The 
ablation zones were elongated because of the size and irregular 
shape of the tumor (1.02 3D-IRCADb).(17) The active and 
passive heating zones can be distinguished. An active heating 
zone emerges within the tissue closest to the device, with high 
energy intensity and rapid absorption by tissue. On the other 
hand, the passive zone appears outside the active zone, far 
from the antenna.

Discussion
The study aimed to determine the optimal input power 

for efficient and safe microwave liver tumor ablation. For this 
purpose, full three-dimensional simulations within COMSOL 
Multiphysics, a finite element method-based platform, were 
applied.(16) Calculations were performed for a model of a real 
liver tumor labeled as 1.02 in the database 3D-ICRADb-01 
(3D-IRCADb)(17) exposed to radiation from a 10-slot antenna 
operating at a frequency of 2.45 GHz. The optimal value of the 
input power of 30 W was estimated so that the whole tumor 
could be completely treated with minimal damage to the 
healthy tissue. The difference between ablation times when 
the input power was 35, 40, and 45 W, compared with that at 
30 W, was approximately 7%, 10%, and 13%, respectively. 
Ablation time decreased with increasing input power. 
However, higher input power values may result in undesirable 
ablation zone shapes, leading to significant damage to 
healthy tissue. Regardless of the input power, the maximum 
temperature values were reached inside the tumor regions, 
where all cancer cells were destroyed. The fraction of damage 
increased as the ablation time increased. Although a multi-slot 
coaxial antenna produces a more localized heating pattern for 
spherical tumors, for realistic tumor shapes, the ablation zones 
are usually elongated.

Determining the optimal ratio of necrotic tissue to 
healthy tissue is important for improving the microwave 
ablation procedure to destroy the maximal part of the tumor 
while conserving the healthy tissue. It was confirmed that 
two-dimensional models are not sufficient and that full three-
dimensional simulations are necessary for predicting the 
optimal conditions for microwave ablation, which may be 
incorporated into medical procedure planning.
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Abstract
Background: The main difficulty with donation after circulatory death is the inevitable period of warm ischemia, which may 

adversely affect tissue viability and graft function after transplantation. The aim of this study was to evaluate dynamic changes in 
the functional parameters of the kidneys because of renal warm ischemia (RWI) in the experiment. 

Methods and Results: The experiments were carried out on 78 white male rats weighing 214.5±31.8g. To achieve the 
study’s aim, we applied a method of modeling the intraoperative RWI by clamping renal arteries from both sides through a 
median laparotomy under ether anesthesia. Vascular clamping lasted 12, 24, 36, or 48 minutes in four experimental groups of 
rats, each containing 18 rats. The intact group of rats became the control group (n=6). In each of the 4 experimental groups, 
rats were euthanized by decapitation on Days 3, 7, and 14 of the experiment. Before euthanasia, a 24-hour urine collection was 
performed in metabolic chambers. Laboratory tests included the determination of blood urea nitrogen (BUN), serum creatinine 
(sCR), serum potassium (SP), and urinary creatinine (uCr); glomerular filtration rate (GFR) was calculated using the Rehberg-
Tareev method.

 Warm ischemia time (WIT) for no more than 12 minutes did not lead to significant negative changes in most of the studied 
parameters of renal function at all time stages of the experiment, with the exception of a significant decrease in GFR, as well as 
an increase in SP levels on Days 3 and 7 of the experiment. The WIT up to 24 minutes led to a more pronounced drop in GFR at 
all time stages of the experiment (P<0.05 in all cases), as well as a moderate increase in the levels of BUN and SP and a decrease 
in uCr levels on Days 3 and 7 (P<0.05 in all cases). The WIT up to 36 minutes led to a drop in GFR by 84% and 86% on Days 3 
and 7 of the experiment, as well as a decrease in diuresis, an increase in levels of BUN and SP, as well as a twofold decrease in 
uCr, compared to the control at the specified time intervals (P<0.05 in all cases). The WIT up to 48 minutes led to a drop in GFR 
by 95%, 97%, and 100% on Days 3, 7, and 14 of the experiment, respectively (P<0.05 in all cases). The drop in diuresis worsened 
on Days 3 and 7 to anuria on Day 14 (P<0.05 in all cases). The levels of BUN and SP increased from Day 3 to Day 14, and uCr 
dropped significantly to zero on Day 14 (P<0.05 in all cases).

Conclusion: Among all parameters analyzed, GFR was the early and most sensitive indicator of renal dysfunction in RWI. A 
12-minute WIT leads to a slight decrease in renal function on Days 3 and 7, which is relatively restored by Day 14. The 24-minute 
and 36-minute WIT leads to a noticeable decrease in renal function with a tendency to recover on Day 14. The 48-minute WIT 
leads to a sharp decline in renal function, progressing on Day 7 and reaching critical changes by Day 14 of the experiment. 
(International Journal of Biomedicine. 2024;14(2):295-299.)
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Introduction
Kidney transplantation has a history of more 

than half a century and is still developing. In terms of a 
patient’s lifespan and quality of life, the effectiveness of 
alternative renal replacement therapies other than kidney 
transplantation has been shown to be comparably low.(1) 
Kidney transplantation is accepted as alone the most optimal 
radical therapy for end-stage renal disease.(2,3) However, there 
is a chronic shortage of cadaveric organ donors for renal 
transplantation,(4) which might be solved using donation after 
circulatory death (non-heart-beating donation).(5-9) In contrast, 
a conventional heart-beating donor is one who sustains an 
irreversible brain injury, and death is based on neurologic 
criteria.(10) 

Donation after circulatory death (DCD) can be 
categorized into 2 groups: controlled (cDCD) and uncontrolled 
(uDCD).(8) cDCD takes place when the death occurs within 
an intensive care unit/hospital setting, and cDCD occurs in 
a controlled fashion with surgical team assembly before a 
planned withdrawal of life-sustaining therapy.  uDCD takes 
place when death occurs outside the hospital or within the 
emergency room after an unexpected cardiac arrest and 
resuscitative efforts fail. uDCD is identified as a significant 
potential source of organ donors in the out-of-hospital 
cardiac arrest population, but significant operational, ethical, 
logistical, and legal barriers exist across most jurisdictions.(11)

It is well established that living donor kidney transplants 
are associated with superior post-transplant outcomes, 
compared with deceased donor transplants.(12) According to 
the Scientific Registry of Transplant Recipients (SRTR) report, 
from 2010 to 2014, the unadjusted one-year allograft survival 
rate for recipients of a first deceased donor kidney transplant 
was 93.4%. The five-year unadjusted allograft survival rate 
for a primary deceased donor transplant was 72.4% among 
transplant recipients from 2005 to 2009. In recipients 
undergoing a primary living donor kidney transplant, the one-
year unadjusted allograft survival rate was 97.2%. The five-
year unadjusted allograft survival rate for a first living donor 
kidney transplant was 84.6%. 

Early identification and treatment of surgical 
complications are critical for patient and graft survival.(13) The 
main difficulty with DCD is the inevitable period of warm 
ischemia, which may adversely affect tissue viability and graft 
function after transplantation.(14) 

The aim of this study was to evaluate dynamic changes 
in the functional parameters of the kidneys because of renal 
warm ischemia (RWI) in the experiment. 

Materials and Methods
The experiments were carried out on 78 white male 

rats weighing 214.5±31.8g. The experiments were performed 
in accordance with the norms for the humane treatment of 
animals, which are regulated by the International Guidelines 
of the Association for the Assessment and Accreditation of 
Laboratory Animal Care, following the protocol approved 
by the Institutional Animal Care and Use Committee at 

the Republican Research Center of Emergency Medicine 
(Tashkent, Uzbekistan).

The rats were allowed free access to standard rat chow 
and water. To achieve the study’s aim, we applied a method 
of modeling the intraoperative RWI by clamping renal 
arteries from both sides through a median laparotomy under 
ether anesthesia. Vascular clamping lasted 12, 24, 36, or 48 
minutes in four experimental groups of rats, each containing 
18 rats (Group 1, Group 2, Group 3, and Group 4). Clamping 
of the arteries was carried out by temporarily ligating with 
a special loop (like an end-loop) of the renal hilum. Surgical 
procedures were performed on a heated pad to avoid cold-
induced hemodynamic alterations. After the laparotomy, the 
wound was sutured tightly. The intact group of rats became 
the control group (n=6). There was no significant difference 
in age and weight between all groups. The rats’ condition 
was monitored daily, with a qualitative determination of 
the presence of diuresis and recording changes in body 
weight. In each of the 4 experimental groups, rats were 
euthanized by decapitation on Days 3, 7, and 14 of the 
experiment. Thus, 3 subgroups (Subgroup A, Subgroup B, and 
Subgroup C, with 6 rats in each subgroup) were formed for 
each experimental group. Before euthanasia, a 24-hour urine 
collection was performed in metabolic chambers. Laboratory 
blood tests included the determination of BUN, sCR, and 
SP; uCr was also measured; GFR was calculated using the 
Rehberg-Tareev method.

Statistical analysis was performed using the statistical 
software package SPSS version 23.0 (SPSS Inc, Armonk, 
NY: IBM Corp). The Mann-Whitney U Test was used to 
compare the differences between the two independent groups 
A probability value of P<0.05 was considered statistically 
significant.

Results
During the experiment, all rats from Groups 1 and 2 

survived until the planned date of euthanasia. In Group 3, 
2(11.1%) rats died on Days 7 and 8. In Group 4, death was 
observed in 5(27.8%) cases on Days 7, 8, 10, 11 and 12 of the 
experiment. Autopsy of dead rats on Days 7 and 8 revealed the 
presence of thrombosis of the inferior vena cava, starting from 
the right renal vein and reaching the chambers of the heart and 
pulmonary artery. Congestion and an increase in the size of the 
liver and right kidney were noted. This was due to the short 
right renal vein and increasing thrombosis of the inferior vena 
cava as a result of prolonged ligation of the right renal hilum. 
After autopsying dead rats on Days 10-12, a decrease in and 
pallor of kidney parenchyma, dilation of the heart chambers, 
swelling of the lung tissue, and ascitic fluid in the abdominal 
cavity were noted to varying degrees.

Table 1 presents the functional parameters of the kidney 
on different days of the experiment. In Group 1, daily diuresis 
showed a significant increase in Subgroups B and C, compared 
to the control group (P=0.048 and P=0.042, respectively). 
In Group 2, a decrease in diuresis in all subgroups was 
insignificant (P>0.05 in all cases). In Group 3, a significant 
reduction in daily diuresis was found in Subgroups A and 
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B (P=0.048 and P=0.023, respectively); this reduction was 
without statistical significance in Subgroup C, compared to 
the control group (P=0.077). In Group 4, there was a sharp 
decrease in daily diuresis in Subgroups A and B, and we 
found anuria in Subgroup C (P=0.047, P=0.038, and P=0.031, 
respectively).

The BUN level did not change significantly in all 
subgroups of Group 1 (P>0.05 in all cases). In Group 2, 
we found a significant increase in BUN level in Subgroups 
A (P<0.05) and B (P<0.05), but in Subgroup C, BUN level 
returned to control value (P=0.275). In the subgroups of Group 
3, we found changes like Group 2. In subgroups of Group 4, 
the increase in the BUN level was the most significant, and 
in Subgroup C, the BUN level increased almost 7 times, 
compared to the control (P=0.038).

The sCr level remained within the normal range in 
Groups 1-3 in all subgroups. At the same time, in Group 
4, there was a gradual increase in the sCr level in Subgroups 

A and B, with a sharp rise in Subgroup C, compared to the 
control (P=0.031).

The SP increased significantly, compared to the control 
group in Subgroups A and B of all groups (P<0.05 in all 
cases). By Day 14 of the experiment, we found a decrease to 
normal levels in Groups 1-3, except for Group 4, where SP 
was 10.10±1.04 mmol/L vs. 5.1±0.16 mmol/L in the control 
(P=0.044).

The uCr level was within the normal limits in all 
subgroups of Group 1. At the same time, it decreased 
significantly in Subgroups A and B of Group 2, and this 
decrease was more pronounced in Subgroups A and B of 
Group 3.  We found the most pronounced decrease in uCr 
levels in Group 4 to complete absence in Subgroup C.

During RWI, a decrease in GFR was observed in all 
subgroups of all 4 experimental groups, and the degree of 
decline increased from Group 1 to Group 4 to zero in Subgroup 
C of Group 4 (P<0.05 in all cases).

Table 1.
The functional parameters of the kidney on different days of RWI in the experiment.

    Control 
group  (0)

Group 1 
(1)

Group 2
 (2)

Group 3 
(3)

Group 4 
(4) P-value 

Diuresis, ml/day

       Day 3 (Subgroup A)

       Day 7 (Subgroup B)

       Day 14 (Subgroup C)

5.30±1.10
5.08±0.24 4.73±0.38 3.31±0.32 1.50±0.40 P0-1=0.827; P0-2=0.513; P0-3=0.048; P0-4=0.047; 

6.70±0.14 3.78±0.63 2.80±0.09 1.30±0.05 P0-1=0.048; P0-2=0.127; P0-3=0.023; P0-4=0.038; 

6.80±0.39 4.83±0.12 3.63±0.58 0.00±0.00 P0-1=0.042; P0-2=0.827; P0-3=0.077; P0-4=0.031;

BUN, µmol/L

       Day 3 (Subgroup A)

       Day 7 (Subgroup B)

       Day 14 (Subgroup C)

6.08±0.54
5.79±1.03 8.09±0.36 8.5±0.04 15.2±2.37 P0-1=0.827; P0-2=0.049; P0-3=0.023; P0-4=0.047;

5.22±0.68 9.07±2.06 9.6±0.92 15.3±4.72 P0-1=0.121; P0-2=0.045; P0-3=0.042; P0-4=0.033; 

4.92±0.23 6.5±0.20 6.8±1.12 42.3±0.03 P0-1=0.055; P0-2=0.275; P0-3=0.509; P0-4=0.038; 

sCr, µmol/L, 

       Day 3 (Subgroup A)

       Day 7 (Subgroup B)

       Day 14 (Subgroup C)

59.07±5.15
51.40±0.60 57.03±2.76 59.60±8.07 66.35±3.65 P0-1=0.055; P0-2=0.412; P0-3=0.827; P0-4=0.127;

49.93±5.44 58.55±4.15 62.80±2.87 70.2±14.25 P0-1=0.227; P0-2=1.000; P0-3=0.487; P0-4=0.275;

45.00±4.12 55.70±6.75 58.35±2.25 225.0±20.64 P0-1=0.055; P0-2=0.273; P0-3=0.787; P0-4=0.031; 

SP, mmol/L

       Day 3 (Subgroup A)

       Day 7 (Subgroup B)

       Day 14 (Subgroup C)

5.1±0.16
6.37±0.32 6.62±0.83 7.04±0.63 7.60±1.18 P0-1=0.041; P0-2=0.045; P0-3=0.049; P0-4=0.047; 

5.99±0.09 7.07±0.12 7.08±0.81 8.39±0.87 P0-1=0.038; P0-2=0.045; P0-3=0.044; P0-4=0.046; 

5.50±0.92 6.42±0.64 6.89±1.15 10.10±1.04 P0-1=0.529; P0-2=0.052; P0-3=0.058; P0-4=0.044; 

uCr, µmol/L

       Day 3(Subgroup A)

       Day 7(Subgroup B)

       Day 14 (Subgroup C)

504.51±67
437.01±0.98 313.57±52.52 236.37±69.49 186.30±39.24 P0-1=0.513; P0-2=0.049; P0-3=0.047; P0-4=0.037;

502.20±0.33 284.35±11.85 246.15±11.05 122.50±0.48 P0-1=0.487; P0-2=0.041; P0-3=0.036; P0-4=0.042; 

512.40±0.28 445.20±13.90 402.10±66.40 0.0±0.0 P0-1=0.474; P0-2=0.431; P0-3=0.127; P0-4=0.036; 

GFR, µl/min

       Day 3 (Subgroup A)

       Day 7 (Subgroup B)

       Day 14 (Subgroup C)

55.97±1.20
30.01±2.38 18.04±0.99 9.10±0.09 2.9±0.07 P0-1=0.033; P0-2=0.023; P0-3=0.041; P0-4=0.029;

46.79±1.15 12.70±0.31 7.6±0.03 1.6±0.1 P0-1=0.028; P0-2=0.034; P0-3=0.042; P0-4=0.038;

53.77±3.11 26.80±0.11 17.3±1.28 0.0±0.0 P0-1=0.044; P0-2=0.024; P0-3=0.043; P0-4=0.034; 
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Discussion
It is assumed that ischemic damage and DGF lead to 

a decrease in the number of functioning nephrons, and an 
inadequate “amount” of nephrons causes graft dysfunction 
in the late period.(15) According to Weight et al.,(16) the rat 
model demonstrated different renal changes depending on the 
RWI time: mild morphological changes (15-30 minutes), which 
became moderate (45 minutes) and severe with the presence of 
impaired glomerular perfusion, apoptosis, and pyknotic nuclei 
(60 minutes). In a study by Arefjev et al.,(17) ischemic damage 
to the donor kidney is morphologically manifested by acute 
tubular necrosis. The main target in ischemic damage to the 
donor kidney is tubular epithelial cells, because of which acute 
kidney injury develops.(18) Most of the studies indicated that 
WIT longer than 30  minutes should be considered as a major, 
potentially modifiable risk factor for inferior long-term results 
after kidney transplantation.(19) 

Tennankore et al.,(20) in a study on 131,677 kidney 
transplant recipients, found that WIT >30  minutes was 
associated with a statistically higher adjusted relative 
hazard for the composite event of death or graft failure. In 
the case of WIT >60  minutes, a 23% increase in the adjusted 
relative hazard for death or graft failure was observed. Donor 
WIT >20 minutes was also found to correlate with increased 
delayed graft function.(21) 

Donation after circulatory death (DCD) donors are 
an important source of kidneys for transplantation. In a study 
by Gill et al.,(22) among the 12,831 DCD kidneys transplanted, 
kidneys with WIT ≤48 minutes had survival like that of kidney 
transplants from brain-dead donors. DCD kidneys with WIT > 
48 minutes had a higher risk of allograft failure (HR = 1.23; 
95% CI: 1.07 - 1.41). 

A study by Chen et al.(23) included 11,907 DCD kidney 
transplants. Compared to kidneys with WIT <60 minutes, 
kidneys with WIT 60-79 minutes had similar rates of graft 
failure (HR = 0.95, 95% CI: 0.67-1.37), whereas those with 
WIT ≥80 minutes had 1.66 times more failure (HR = 1.66, 
95% CI: 1.16-2.38, P<0.05). One-year (90±0.3%, 87±2.7% vs. 
82.1±4.2%) and 5-year (69.4±0.6%, 79.0±4% vs. 62.0±6.8%) 
survival were greater in kidneys with WIT <60 minutes and 
60-79 minutes, compared to those with WIT ≥80 minutes, 
respectively. 

In our study, WIT for no more than 12 minutes did 
not lead to significant negative changes in most of the 
studied parameters of renal function at all time stages of the 
experiment, with the exception of a significant decrease in 
GFR, as well as an increase in SP levels on Days 3 and 7 of 
the experiment.

The WIT up to 24 minutes led to a more pronounced 
drop in GFR at all time stages of the experiment, as well as a 
moderate increase in the levels of BUN and SP and a decrease 
in uCr levels on Days 3 and 7.

The WIT up to 36 minutes led to a drop in GFR by 
84% and 86% on Days 3 and 7 of the experiment, as well as a 
decrease in diuresis, an increase in levels of BUN and SP, as 
well as a twofold decrease in uCr, compared to the control at 
the specified time intervals.

The WIT up to 48 minutes led to a drop in GFR by 
95%, 97%, and 100% on Days 3, 7, and 14 of the experiment, 
respectively. The drop in diuresis worsened on Days 3 and 7 to 
anuria on Day 14. The levels of BUN and SP increased from 
Day 3 to Day 14, and uCr dropped significantly to zero on 
Day 14.

Conclusion
Among all parameters analyzed, GFR was the early 

and most sensitive indicator of renal dysfunction in RWI. A 
12-minute WIT leads to a slight decrease in renal function 
on Days 3 and 7, which is relatively restored by Day 14. The 
24-minute and 36-minute WIT leads to a noticeable decrease 
in renal function with a tendency to recover on Day 14. The 
48-minute WIT leads to a sharp decline in renal function, 
progressing on Day 7 and reaching critical changes by Day 14 
of the experiment.
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Abstract
Background: Multiple studies, including both humans and animals, have demonstrated that gasoline, kerosene, and diesel 

fuel exhaust emissions include chemical components harmful to the bone marrow, lymph nodes, and spleen. This study aimed to 
evaluate the impact of kerosene and naphtha vapors on several blood parameters in rats.  

Methods and Results: The study was conducted on 10–12-week-old male Wistar albino rats (Rattus norvegicus) (n=20) 
weighing 150–200g. The experimental rats were categorized into two groups, each including five animals. The rats were exposed 
to kerosene and naphtha vapors for 15, 30, and 45 days, with six hours of daily exposure. Two control groups of animals, each 
including five animals, were exposed to room air. One group of rats was allowed to inhale the vapors emitted by the evaporating 
kerosene. Another group underwent an identical process for the naphtha vapors. Both groups of animals were exposed to daily 
vapors for six hours, from 9:00 a.m. to 3:00 p.m., six days a week, for three different durations: 15, 30, and 45 days.  Blood samples 
were tested for hematological indices using a Cell Dyn Ruby Hematology Analyzer (Abbott, USA). On days 15, 30, and 45 of 
the experiment, rats exposed to kerosene and naphtha vapors had an increase in the total number of leukocytes, an increase in the 
percentage of lymphocytes, and a decrease in the percentage of neutrophils, compared to the control group (P<0.05 in all cases). 
At 15, 30, and 45 days of the experiment, the total number of RBCs increased significantly (P<0.05 in all cases). In addition, under 
the influence of kerosene and naphtha vapors, a higher level of PCV and MCV was noted at 30 and 45 days of the experiment, 
compared to the control group. At the same time, at the indicated stages of the experiment, there was a significant decrease in MCH 
and MCHC, compared to the control group (P<0.05 in all cases).

Conclusion: exposure to naphtha and kerosene vapor significantly affects a variety of WBC and RBC parameters, exhibiting 
toxic effects.(International Journal of Biomedicine. 2024;14(2):300-304.)
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Introduction
Refineries and petrochemical firms produce a wide 

range of toxic pollutants discharged into the environment. 
Petroleum fumes are widely present in our surroundings, and 
the main places for inhalation or contact are petrochemical 
businesses (refineries, oil fields, and filling stations) and 
residential areas.(1) The Al-Najaf refinery (Iraq) is a crucial 
source of petroleum products (naphtha and kerosene, gas oil, 
and heavy black petroleum) for Najaf city and its neighboring 

regions. It serves the local demand for these products and 
supplies electrical stations, factories, and other purposes.

Crude petroleum consists of a mixture of different metals 
and hydrocarbons. Crude oil undergoes a refining process to 
produce distinct fractions such as petroleum, diesel, kerosene, 
heavy gas, and lubricating oils. Petrol, diesel, and kerosene 
are commonly produced from fractional distillation of crude 
oil.(2) Petrol poses a significant hazard due to its composition 
of diverse harmful substances, such as volatile aliphatic and 
aromatic hydrocarbons referred to as BTEX (benzene, toluene, 
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ethylbenzene, and xylene).(3) Furthermore, the widespread 
presence of processed petroleum chemicals has adversely 
affected many human biological functions.(4)

Multiple studies, including both humans and animals, 
have demonstrated that gasoline, kerosene, and diesel fuel 
exhaust emissions include chemical components such as 
cadmium, benzene, and volatile nitrates harmful to the bone 
marrow, lymph nodes, and spleen.(5) The presence of pollutants 
derived from petroleum products has been reported to cause 
changes in the levels of liver enzymes and in the generation of 
hormones in the pituitary gland.(6)

Industry emits hazardous air pollutants such as 
organic compounds (benzene, toluene, formaldehyde, 
acetaldehyde, phenol, ethylbenzene, xylene), inorganic 
compounds (hydrogen chloride [HCl], hydrogen cyanide 
[HCN]), reduced sulfur compounds (carbon disulfide 
[CS2]), and metals (arsenic, beryllium, cadmium, chromium, 
cobalt). These pollutants are primarily associated with the 
development of leukemia.(7,8) This study aimed to evaluate 
the impact of kerosene and naphtha vapors on several blood 
parameters in rats.  

Materials and Methods   
Animals 
The experiments were performed in accordance with 

the norms for the humane treatment of animals, which are 
regulated by the International Guidelines of the Association 
for the Assessment and Accreditation of Laboratory Animal 
Care, following the protocol approved by the Institutional 
Animal Care and Use Committee of the University of Kufa. 
The study was conducted on 10–12-week-old male Wistar 
albino rats (Rattus norvegicus) (n=20) weighing 150–200g. 
The experimental rats were categorized into two groups, 
each including five animals. The rats were exposed to 
kerosene and naphtha vapors for 15, 30, and 45 days, with 
six hours of daily exposure. Two control groups of animals, 
each including five animals, were exposed to room air. The 
animals were kept at the Faculty of Science, University 
of Kufa’s animal facility under controlled environmental 
conditions, with a temperature range of 25–28°C and a 12-
hour light-dark cycle. Animals were provided with normal 
water and feed. 

Exposure to kerosene & naphtha vapors
The study used inhalation as the technique of exposure. 

The experimental groups were housed in animal cages and 
placed inside exposure chambers with dimensions of 150, 
90, and 210 cm. Two extensively perforated 1000ml cans 
carrying 500 ml of fluid kerosene were put in the exposure 
chamber. One group of rats was allowed to inhale the 
vapors emitted by the evaporating kerosene. Another group 
underwent an identical process for the naphtha vapors. Both 
groups of animals were exposed to daily vapors for six 
hours, from 9:00 a.m. to 3:00 p.m., six days a week, for three 
different durations: 15, 30, and 45 days.  The study used 
kerosene and naphtha produced by the Al-Najaf refinery. 
This investigation utilized a previously documented modified 
nose-inhalation exposure approach.(9)

Blood sample collection and analysis 
After exposure, each animal received 0.5 ml ketamine 

and 0.1ml xylazine for moderate anesthesia.(10) After 
anesthesia, the rats were put in a dissecting dish and sutured 
at the wrists and ankles with small pins. Blood was drawn 
correctly using a 3ml and 5ml disposable syringe following 
a heart puncture. It was mixed correctly in an EDTA tube 
before being used by an automated analyzer to estimate blood 
levels.  Blood samples taken from the EDTA tube were tested 
for hematological indices using a Cell Dyn Ruby Hematology 
Analyzer (Abbott, USA).(11)

Statistical analysis was performed using the statistical 
software package SPSS version 21.0 (SPSS Inc, Armonk, NY: 
IBM Corp). For the descriptive analysis, results are presented 
as mean (M) ± standard deviation (SD). The Mann-Whitney 
U Test was used to compare the differences between the two 
independent groups (for nonparametric data). The Wilcoxon 
criterion was used to compare the differences between the 
paired samples. A value of P<0.05 was considered significant. 

Results
On days 15, 30, and 45 of the experiment, rats exposed to 

kerosene and naphtha vapors had an increase in the total number 
of leukocytes, an increase in the percentage of lymphocytes, 
and a decrease in the percentage of neutrophils, compared to the 
control group (P<0.05 in all cases) (Tables 1 and 2).

Some red blood cell (RBC) parameters under the 
influence of kerosene and naphtha vapors changed at 15, 30 
and 45 days of the experiment: The total number of RBCs 
increased significantly (P<0.05 in all cases). In addition, under 
the influence of kerosene and naphtha vapors, a higher level of 
PCV and MCV was noted at 30 and 45 days of the experiment, 
compared to the control group (P<0.05 in all cases). At the 
same time, at the indicated stages of the experiment, there was 
a significant decrease in MCH and MCHC, compared to the 
control group (Tables 3 and 4).

Variable Control
(1)

Time exposure (days)
Statistics15

(2)
30
(3)

45
(4)

WBC count
(×103/mm3) 6.52±0.13 18.06±1.70 13.33±2.13 13.95±2.42

P1-2* P1-3*
P1-4* P3-2*
P4-2* P4-3^

Neutrophils
 (%) 51.40±2.55 19.12±3.32 13.34±2.09 10.42±3.13

P1-2* P1-3*
P1-4* P3-2*
P4-2*  P4-3*

Lympho-
cytes
 (%)

41.26±0.25 67.38±2.18 79.74±3.86 84.24±3.18
P1-2* P1-3*
P1-4* P3-2*
P4-2* P4-3*

Mid cells

 (%) 
7.28±2.50 13.50±4.05 6.84±2.27 5.06±2.71

P1-2* P1-3^
P1-4*  P3-2*
P4-2* P4-3^  

*-<0.05; ^->0.05

Table 1.
Effect of kerosene fumes on the total number of WBCs and the 
differential count in rats.  
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Discussion
The results of our research are mainly consistent with 

the data of various authors. According to a study by Rabee,(12) 
exposure to air pollution at the oil refinery led to a considerable 
elevation in white blood cell (WBC) and lymphocyte counts. 

As known, WBCs are responsible for safeguarding the body 
against infectious illnesses and external substances. Inhaling 
polluted air might stimulate the release of WBCs into the 
circulatory system, leading to inflammation. Furthermore, 
the elevated WBC counts may be attributed to activating a 
defensive mechanism in response to exposure to xenobiotics. 
A study by Uboh et al.(13) documented the hepatotoxic effects 
observed in albino Wistar rats following exposure to kerosene 
and gasoline vapors. Additionally, the hazardous constituents, 
particularly those present in petroleum vapors, can alter the 
chemistry of the blood.

A study by Johnson et al.(14) also revealed a statistically 
significant increase (P<0.05) in WBC count and lymphocyte 
number in the group exposed to household kerosene, compared 
to the control group. Leukocytosis was seen in the exposure 
group with a dosage of 1ml/kg body weight of household 
kerosene. This increase in WBCs may be attributed to bone 
marrow response and inflammatory illness in the animals 
exposed to kerosene.(15)

A study by Getu et al.(16) revealed that the mean RBC 
count, hemoglobin level, and the absolute lymphocyte count, 
of petrol-filling workers in Gondar town (Northwest Ethiopia), 
showed a significant increase, compared with the control 
group. Moreover, the duration of exposure to petrol showed a 
significant positive correlation with RBC count and mean cell 
hemoglobin concentration; however, a significant negative 
correlation was observed with mean cell volume. 

A study by  Sajid Jabbar and Ali (17) aimed to investigate 
the effect of benzene exposure on some blood parameters of 

Variable Control
(1)

Time exposure (days)
Statistics15

(2)
30
(3)

45
(4)

WBC count
(×103/mm3) 6.25±0.38 16.07±2.38 13.34±2.54 14.43±0.82

P1-2* P1-3*
P1-4* P3-2^
P4-2^ P4-3^

Neutrophils
(%) 51.40±2.55 13.24±3.35 13.24±3.34 13.80±4.61

P1-2* P1-3*
P1-4* P3-2^
P4-2^ P4-3^

Lympho-
cytes (%) 41.26±2.37 74.28±3.65 82.16±3.72 80.30±3.07

P1-2* P1-3*
P1-4* P3-2*
P4-2^ P4-3^

Mid cells
(%) 7.34±2.76 12.48±2.90 7.22±2.66 6.10±2.49

P1-2* P1-3^
P1-4* P3-2*
P4-2* P4-3^

 *-<0.05; ^->0.05

Table 2.
Effect of naphtha fumes on the total number of WBCs and the 
differential count in rats.   

Variable Control
(1)

Time exposure (days)
Statistics15

(2)
30
(3)

45
(4)

RBCs 
(×106/mm3) 6.21±0.42 7.18±0.49 7.26±0.48 7.98±0.78

P1-2* P1-3*
P1-4* P3-2^
P4-2^ P4-3^

Hb
(g/dl) 12.54±0.02 12.78±0.3313.28±0.2613.32±0.50

P1-2^ P1-3^
P1-4^ P3-2^
P4-2^ P4-3^

PCV
(%) 38.42±1.16 40.16±1.6046.44±2.8049.52±1.81

P1-2* P1-3*
P1-4* P3-2*
P4-2* P4-3*

MCV
(fL) 51.50±1.49 55.76±1.8064.42±2.2263.90±2.14

P1-2^ P1-3*
P1-4* P3-2*
P4-2* P4-3^

MCH
(pg) 19.44±2.71 19.14±2.1818.02±2.8616.66±2.41

P1-2^ P1-3^
P1-4^ P3-2^
P4-2* P4-3^

MCHC 
(g/dl) 31.88±0.82 30.94±0.5128.10±1.1626.10±0.39

P1-2^ P1-3*
P1-4* P3-2*
P4-2* P4-3*

 *-<0.05; ^->0.05

Table 3.
Effect of kerosene fumes on the total number of RBCs and RBC 
indices in rats.

Variable Control
(1)

Time exposure (days)
Statistics15

(2)
30
(3)

45
(4)

RBCs 
(×106/mm3) 6.21±0.42 7.47±0.46 7.64±0.10 7.44±0.36

P1-2* P1-3*
P1-4* P3-2^
P4-2^ P4-3^

Hb
(g/dl) 12.54±0.28 12.64±0.37 12.26±0.29 12.70±0.51 

P1-2^ P1-3^
P1-4^ P3-2^
P4-2^ P4-3^

PCV
(%) 38.42±0.14 39.84±1.77 44.18±2.86 49.56±1.83

P1-2^ P1-3*
P1-4* P3-2*
P4-2* P4-3*

MCV 
(fL) 51.51±4.49 55.80±3.83 66.44±3.78 65.04±3.16

P1-2^ P1-3*
P1-4* P3-2*
P4-2* P4-3^

MCH
(pg) 19.44±0.71 17.02±0.65 16.50±0.46 16.80±0.48 

P1-2* P1-3*
P1-4* P3-2^
P4-2^ P4-3^

MCHC
(g/dl) 31.88±0.82 30.86±0.56 27.52±0.82 25.88±0.53 

P1-2^ P1-3*
P1-4* P3-2*
P4-2* P4-3*

 *-<0.05; ^->0.05  

Table 4.
Effect of naphtha fumes on the total number of RBCs and RBC 
indices in rats.



303A. A. Kadum & Z. M. AL-Hakkak / International Journal of Biomedicine 14(2) (2024) 300-304

workers at several fuel stations in Basra city. The authors 
found significant hematological changes in the exposed 
workers and concluded that anemia was a common disorder 
among them. In addition, there was a significant decline in 
WBC and different types of WBC, including lymphocytes, 
monocytes, and neutrophils, due to continuous exposure to 
vapors of petrol products. 

The results of a study by Imo et al.(18) showed that 
exposure of albino rats to inhalation of petroleum products 
could cause slight alteration in hematological parameters 
but can cause significant alteration in levels of liver function 
parameters and distortion in normal histoarchitecture of the 
liver tissue.

A study by Okoh et al.(19) showed a significant increase 
(P<0.05) in the PCV and the total number of leukocytes 
of Wistar rats exposed to diesel fumes, as compared to the 
control. Exposure to diesel fumes also caused elevated levels 
of liver and kidney biomarkers.

High kerosene and naphtha fume exposure may 
obstruct airways, causing alveolar hypoxia. In response 
to hypoxia, renal erythropoietin secretion increases, 
stimulating RBC production and maintenance. In this study, 
we also found a significant decrement in MCH and MCHC 
in rats exposed to kerosene and naphtha vapors for 30 and 
45 days compared with the control. This may be caused 
by affected heme biosynthesis under kerosene and naphtha 
vapors that, with increased production of erythrocytes, 
lead to the development of hypochromic erythrocytosis. A 
study by Ufelle et al.(20) showed that exposure to volatile 
petroleum hydrocarbons raised the absolute RBC indices 
and liver enzymes and could stimulate a combined increase 
in the release of erythropoietin and interleukin-3, leading to 
ineffective hematopoiesis.

In conclusion, exposure to naphtha and kerosene vapor 
significantly affects a variety of WBC and RBC parameters, 
exhibiting toxic effects.
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Abstract
Background: Since December 2019, when a new coronavirus disease 2019 (COVID-19) was detected in Wuhan, China, over 

774 million confirmed COVID-19 cases and over seven million deaths have been reported globally, as of 7 January 2024 (WHO, 
2024). Venous thromboembolism is a recognized complication of COVID-19. This study aimed to investigate the prevalence 
of pulmonary embolism (PE) diagnosed by CT pulmonary angiography (CTPA) in COVID-19 patients and the features of the 
associated factors. 

Methods and Results: The study included 162 patients from the Imam Abdulrahman Al-Faisal Hospital who had COVID-
19-confirmed infections while hospitalized in the ICU. Patients were diagnosed as COVID-19 positive by RT-PCR and underwent 
CTPA examination on the Discovery 16-slice CT scanner (Siemens, Germany) following standard protocol. For contrast 
enhancement, non-ionic, iodinated, intravenous contrast material (Omnipaque 350 mg) was used. 

PE was detected by CTPA in 87(53.7%) COVID-19 patients. The D-dimer level was significantly higher in the PE group 
than in the non-PE group. The frequency of renal impairment in the PE group was 2.3 times higher than in the non-PE group. 
The ICU duration was longer in the PE group than in non-PE group (12.9±11.3 and 8.6±7.2 days, P=0.005). The death rate was 
17.2% in the PE group and 1.3% in the non-PE group (P=0.001). The heart and respiratory rates, blood pressure, BMI, BUN, and 
creatinine levels did not differ in the study groups. The frequency of diabetes, hypertension, asthma, COPD, and smoking were 
comparable in the groups.

Conclusion: CTPA is very important in diagnosing PE in COVID-19 patients. CTPA-diagnosed PE is significantly associated 
with D-dimer, ICU duration, and death.(International Journal of Biomedicine. 2024;14(2):305-311.)
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Introduction
Since December 2019, when a new coronavirus disease 

2019 (COVID-19) was detected in Wuhan, China, over 774 
million confirmed COVID-19 cases and over seven million 
deaths have been reported globally, as of 7 January 2024.(1)  

Patients with SARS-CoV-2 infection can experience a 
range of clinical manifestations, from no symptoms to critical 
illness. Venous thromboembolism is a recognized complication 
of COVID-19. Many studies have reported a higher incidence 
of deep vein thrombosis and PE in COVID-19.(2-4) PE in 
COVID-19 has been found to be different from traditional 
PE in terms of demographic and clinical characteristics and 
laboratory data.(5)

SARS-CoV-2 infection could increase predisposition 
to venous and arterial thromboembolism due to excessive 
inflammation, hypoxia, immobilization, and diffuse 
intravascular coagulation.(6) SARS-CoV-2 infection with a 
wide thrombotic response has become a factor in a sudden 
surge in the incidence of PE the world over. Data from 
numerous meta-analyses also strongly indicate a higher 
incidence of PE in COVID-19 patients, especially in ICU 
settings.(7) In a Chinese study, Miesbach et al.(8) reported that 
up to 40% of patients developed PE chiefly localized in small 
pulmonary artery branches. In a French study, Poissy et al.(9) 
reported PE in 20.6% of the patients during their stay in the 
ICU, with a median time of 6 days. Another French study by 
Bompard et al.(10) reported a PE incidence of 50% in ICU, 
COVID-19 patients. 

CTPA, a gold standard,(11) should be performed on 
admission if PE is suspected, or if there is acute degradation 
of hemodynamic or respiratory status, or if the patient presents 
with minimal pulmonary infiltrates or signs of acute right 
ventricular overload.(12,13)

This study aimed to investigate the prevalence of PE 
diagnosed by CTPA in COVID-19 patients and the features of 
the associated factors. 

Materials and Methods
The study included 162 patients from the Imam 

Abdulrahman Al-Faisal Hospital who had COVID-19-
confirmed infections while hospitalized in the ICU. The baseline 
characteristics of COVID-19 patients are shown in Table 1. 

Patients admitted for treatment or isolation had to 
meet the following criteria: (a) positive SARS-CoV-2 RT-
PCR testing on pharyngeal swabs; (b) a thin-section chest 
CT scan indicating any signs of pneumonia; and (c) patients 
hospitalized for treatment or isolation. All patients were 
examined based on the World Health Organization’s interim 
recommendations for the clinical care of COVID-19 patients 
(WHO, 2022). 

All patients were identified via the electronic record 
system, and their demographic, clinical, and radiological 
data were extracted and reviewed. Patients were diagnosed 
as COVID-19 positive by RT-PCR and underwent CTPA 
examination on the Discovery 16-slice CT scanner (Siemens, 
Germany) following standard protocol. We used non-ionic, 
iodinated, intravenous contrast material (Omnipaque 350 mg) 
for contrast enhancement. CTPA images were double-reviewed 
by radiologists with more than 10 years of experience. If PE 
was detected in the CTPA, the location, distribution, size, and 
type were documented.(14)

Statistical analysis was performed using the statistical 
software package SPSS version 21.0 (SPSS Inc, Armonk, 
NY: IBM Corp). Baseline characteristics were summarized 
as frequencies and percentages for categorical variables and 
mean ± SD for continuous variables. For data with normal 
distribution, inter-group comparisons were performed using 
Student’s t-test. The frequencies of categorical variables were 
compared using a chi-squared test. A probability value of 
P<0.05 was considered statistically significant.

Results
The patients ranged in age from 18 to 92 years. The 

largest age group was 56-60 years (Table 2). The distribution 
of symptoms in COVID-19 patients is shown in Table 3. 

Patient 
group 

Age
 (years)

Height 
(cm)

Weight
 (kg)

BMI
(kg/m2)

HR
(bpm) 

RR
(bpm) 

Male 52.2±13
(18-92)

169.4±6
(150-188)

80.8±11
(52-119)

28.1±4
(18.1-37.5)

79.5±8
(22-100)

21.3±6
(17-78)

Female 50.8±15
(22-84)

161±7
(134-188)

78.4±15
(52-120)

30±5
(21.4-45.7)

81.4±12
(52-146)

21.1±2
(18-25)

Total 51.8±14
(18-92)

167±7
(134-188)

80.1±12
(52-120)

28.7±4
(18.4-45.7

80.1±9
(22-146)

21.2±5
(17 -78)

Table 1.
Baseline characteristics of COVID-19 patients.

Age group
 (year) N % Cumulative 

Percentage

<20 2 1.2 1.2

20-25 2 1.2 2.5

26-30 6 3.7 6.2

31-35 8 4.9 11.1

36-40 18 11.1 22.2

41-45 20 12.3 34.6

46-50 19 11.7 46.3

51-55 23 14.2 60.5

56-60 25 15.4 75.9

61-65 18 11.1 87.0

66-70 7 4.3 91.4

>70 14 8.6 100.0

Total 162 100.0

Table 2. 
Patient distribution by age group.
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PE was detected by CTPA in 87(53.7%) COVID-19 
patients. In general, the death rate was 9.87%, and the causes 
of death are presented in Table 4. Three images demonstrate 
features of COVID-19 on CT (Figures 1-3).

A comparison of the demographic and clinical 
characteristics of COVID-19 patients with PE and without PE 
is presented in Table 5. Mean levels of SBP and DBP were 
within the recommended values in both groups. The D-dimer 
level was significantly higher in the PE group than in the 
non-PE group (4.7±11.2 vs.1.8±2.8 µg/mL, P=0.031). The 
frequency of renal impairment in the PE group was 2.3 times 

higher than in the non-PE group (27.6% vs.12.0%, P=0.014). 
The ICU duration was longer in the PE group than in non-PE 
group (12.9±11.3 and 8.6±7.2 days, P=0.005). The death rate 
was 17.2% in the PE group and 1.3% in the non-PE group 
(P=0.001). The heart and respiratory rates, blood pressure, 
BMI, BUN, and creatinine levels did not differ in the study 
groups. The frequency of diabetes, hypertension, asthma, 
COPD, and smoking were comparable in the groups. 

Signs and symptoms N Percent

Fever 19 11.7%

Cough 11 6.8%

General symptoms 49 30.2%

General symptoms & pneumonia 30 18.5%

Breath shortness 39 24.1%

Sore throat 2 1.2%

Diarrhea 4 2.5%

Body pain 4 2.5%

Vomiting 2 1.2%

Others 1 0.6%

General symptoms & pneumonia
& other symptoms 1 0.6%

Total 162 100%

Table 3.
The distribution of symptoms in COVID-19 patients.

Causes of death among 162 COVID-19 patients N Percent
Irreversible cardiogenic shock 1 0.617
Metabolic acidosis 1 0.617
Irreversible shock/cardiac arrest 1 0.617
ARDS/septic shock 2 1.234
ARDS/septic shock/cardiac arrest 1 0.617
Septic shock/ARDS /AKI 1 0.617
ARDS/PE/septic shock 1 0.617
ARDS/respiratory failure 1 0.617
Metabolic acidosis/shock 1 0.617
Cardiovascular collapse/refractory hypoxia 1 0.617
ARDS /cardiogenic shock 1 0.617
Shock/metabolic acidosis/AKI/cardiac arrest 1 0.617
ARDS/septic shock/cardiac arrest/PE 1 0.617
Severe ARDS/shock/AKI/pneumothorax/PE 1 0.617
Chronic renal failure/septic shock 1 0.617
Total 16 9.872%

Table 4.
Causes of death.

Variable PE
(n= 87)

Non-PE
(n=75) P-value

Demographic data

Age, years 50.8±12.9 52.2±15.2 0.527

Sex               Female 30 (34.5%) 22 (29.3%)
0.485

                         Male 57 (65.5%) 53 (70.7%)

Nationality   Non-Saudi 56 (64.4%) 37 (49.3%)
0.054

                         Saudi 31 (35.6%) 38 (50.7%)

Height, cm 166.6±8.1 167±6.6 0.734

Weight, kg 78.6±12.7 81.2±13.5 0.209

BMI, kg/m2 28.3±4.3 29.0±3.8 0.277

Vital signs

SBP, mmHg 128±12 129±11 0.583

DBP, mmHg 77.8±5.8 78.7±6.0 0.334

HR, bpm 80±10.8 80±6.8 1.000

RR, bpm 21.5±6.4 20.9±2.2 0.441

History of risk factors

Diabetes Mellites 50 (57.5%) 33 (44.0%) 0.088

Hypertension 31 (35.6%) 30 (40.0%) 0.569

Asthma 11 (12.6%) 10 (13.3%) 0.897

COPD 1 (1.1%) 0.0(0.0%) 0.353

Smoking 2 (2.3%) 1 (1.3%) 0.813

Laboratory investigations

D-dimer, µg/mL 4.7±11.2 1.8±2.8 0.031

BUN, mg/dL 8.2±8.4 7.1±4.0 0.301

Creatinine, µmol/L 73.6±28.9 79.2±43.2 0.328

AKI, n % 24 (27.6%) 9 (12.0%) 0.014

Outcomes

ICU duration, days 12.9±11.3 8.6±7.2 0.005

Death 15 (17.2%) 1 (1.3%) 0.001

Table 5.
Demographic and clinical characteristics of the studied groups.
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Discussion
Pulmonary embolism is highly associated with 

COVID-19 disease and should be further explored and 
characterized for each patient.(15) Our study detected PE, 
diagnosed by CTPA, in 87(53.7%) COVID-19 patients. 
This result is much higher than that of Kyriakopoulos et 
al.(16) in Greece (6%). In a study by Abohamr et al.,(17) the 
incidence of acute PE was 22% [95% confidence interval 
(95% CI): 19%-39%], detected by chest CT. Overall, a 
higher prevalence of PE can be assumed among COVID-19 
patients in Saudi Arabia. This study examined a wide range 
of variables associated with PE in patients with COVID-19. 
Regarding the gender of patients in this study population, 
males were more affected by COVID-19 than females, which 

agrees with a study by Abohamr et al.(17) from Saudi Arabia 
and Espallargas et al.(18) from Spain. This might be attributed 
to a higher probability of contact and exposure to sources of 
SARS-CoV-2 virus due to the nature of work among male 
rather than female patients.  

Among factors predisposing to increased mortality with 
COVID-19 infection, male sex, hypertension, obesity, and 
increasing age are most important, but multiple studies have 
shown that excess weight is also significantly associated with 
severe COVID-19 disease.(19) The body mass index (BMI) 
of 28.7±4.0 kg/m2 of participants in our research, which 
corresponds to the overweight range according to NHLBI 
(2022),(20) was found to be close to the mean BMI of 30.8 kg/m2, 
which is within the obese range found in a US study of 20,736 
COVID-19 patients.(21)

By analyzing the relationship between known 
risk factors for poor prognosis in COVID-19 and the 
development of PE, we found that COVID-19 patients with 
PE were characterized by significantly higher D-dimer 
level and ICU duration than non-PE patients [4.7±11.2 
vs.1.8±12.8 µg/mL (P=0.031), 12.9±11.3 vs. 8.6±7.2 days 
(P=0.005), respectively]. Abohamr et al.(17) found that 
COVID-19 patients with PE had significantly higher levels 
of D-dimer, C-reactive protein, cardiac troponin, and lactate 
dehydrogenase than those in patients without PE. In a study 
by Mouhat,(22) elevated D-dimers  (>2590 ng/mL) and the 
absence of anticoagulant therapy predicted PE in hospitalized 
COVID-19 patients with clinical signs of severity. D-dimers 
≥2000 ng/mL (26.3 [4.1–537.8]) and neutrophils ≥7.0 g/L 
(5.8 [1.4–29.5]) were two biomarkers associated with a 
higher risk of PE (P=0.0002) and death or intensive care unit 
(ICU) transfer (HR [95%CI], 12.9 [2.5–67.8], P<0.01)  in a 
study by Thoreau et al.(23) According to Kaminetzky et al.,(24) 
the D-dimer level can be used to stratify patients according 
to PE risk and severity.

The relationships we found between CTPA-diagnosed 
PE and studied parameters in our study were consistent with 
the results of a number of studies. Bompard et al.(10) showed 
that patients with PE were more frequently hospitalized in the 
ICU and more frequently under mechanical ventilation, with 
a longer median (IQR) hospitalization duration (15(9–17) vs. 
8(4–12) days [P=0.04] in the PE-negative patients).  

In our study, high levels of blood D-dimer, and ICU 
duration in PE patients were accompanied by more than 13 
times higher mortality: 17.2% in the PE group and 1.3% in the 
non-PE group (P=0.001). Causes of death were irreversible 
cardiogenic shock, acute kidney injury, metabolic acidosis, 
large PE, respiratory failure, acute respiratory distress 
syndrome, septic shock, cardiovascular collapse, refractory 
hypoxia, and right-side pneumothorax. These causes of 
death were in accordance with data from Menter et al.(25) and 
Elezkurtaj et al.(26) Moreover, PE, in the study of  Elezkurtaj et 
al.,(26) was the cause of death in 3.8% of cases.

As is known,  comorbidities complicate the prognosis 
of COVID-19 patients. In our study, diabetes, identified in 
57.5% of COVID-19 patients with PE and 44.0% of non-PE 
patients, was the most prevalent comorbidity, followed by 
hypertension. The high incidence of diabetes in our study is 

Fig.1. A 22-year-old Saudi female patient. 
Bilateral patchy consolidated opacities at 
the lower lobes.

Fig.2. A 65-year-old non-Saudi male 
patient. Bilateral ground glass opacity, the 
middle and lower consolidation.

Fig.3. A 31-year-old non-Saudi male 
patient. Crazy paving (red arrow) and areas 
of consolidation (blue arrow)
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explained by the high incidence of diabetes in the country. 
According to the International Diabetes Federation,(27) 17.7% 
of Saudi Arabia’s adult population suffers from diabetes, 
which is the second highest diabetes prevalence in the region 
and seventh worldwide.

Hypertension is also the most common comorbidity in 
COVID-19 patients and increases in-hospital mortality. Blood 
pressure (BP) variability is associated with clinical outcomes 
in hypertensive patients. A study by He et al.(28) included 702 
COVID-19 patients with hypertension from Huoshenshan 
Hospital (Wuhan, China). The authors demonstrated that 
day-by-day in-hospital systolic blood pressure variability can 
independently predict mortality and acute respiratory distress 
syndrome  in COVID-19 patients with hypertension. In our 
study, the frequency of hypertension in the PE and non-PE 
groups was 35.6% and 40.0%, respectively, without statistical 
significance. However, mean levels of systolic blood pressure 
and diastolic blood pressure were within the recommended 
values in PE and non-PE patients. The heart and respiratory 
rates did not differ in the study groups. 

Early reports indicate that acute kidney injury is 
common among patients with COVID-19 and is associated 
with worse outcomes and high mortality. In a study by Chan 
et al.,(29) of 3993 hospitalized patients with COVID-19, acute 
kidney injury occurred in 1835(46%) patients; 347(19%) of 
the patients with acute kidney injury required dialysis. In our 
study, renal impairment was found in 27.6% of COVID-19 
patients with PE and only 12.0% of non-PE patients 
(P=0.014).

Compared to factors predisposing to increased 
mortality with COVID-19 infection, such as male sex, 
hypertension, obesity, and increasing age, airway diseases 
gave some contradictory results. Finnerty et al.,(30) in a 
systematic global review and meta-analysis, showed that for 
asthma and COPD, prevalence in patients hospitalized with 
COVID-19 varies markedly by region. The authors found no 
evidence that asthma predisposes one to increased mortality 
in COVID-19 disease. For COPD, there was clear evidence 
of an association with increased mortality. In our study, the 
prevalence of asthma and COPD was 12.6% and 1.1% in the 
PE group and 13.3% and 0% in the non-PE group, and no 
differences were found.

Conclusion 
CT pulmonary angiography (CTPA) is very important 

in diagnosing PE in COVID-19 patients. CTPA-diagnosed 
PE is significantly associated with D-dimer, ICU duration, 
and death. The specified parameters, such as D-dimer levels 
in COVID-19 patients, as well as ICU duration, can be 
recommended as indicators or predictors of the development 
of PE in circumstances where immediate CT is unavailable.
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Abstract
Introduction: Vaccine hesitancy is undermining individual and community protection from vaccine-preventable diseases. 

This study aimed to investigate the level of awareness and perception of the COVID-19 vaccine and its determinants among 
people in Wad Madani City, Gezira State, as well as its known side effects.

Methods and Results: This cross-sectional, descriptive, and correlative study included 400 participants (56.8% females and 
43.2% males) who visited Wad Madani neighborhood COVID-19 centers during the data collection period (June 2022). The data 
was collected using a structured questionnaire based on prior published studies. Approximately 93.0% of the participants knew the 
importance of the COVID-19 vaccines, 84.8% knew about their effectiveness, and 83.8% knew that the vaccines help to reduce the 
risk of virus infection. However, only 58.0% were vaccinated against COVID-19. The results showed that 56.8% of the participants 
did not develop side effects. Among those who did, the most common side effects were headache and fever (10.2%), injection 
site pain (7.9%), myalgia (7.1%), and chills and swelling (5.6%). The results showed that 52.5% had negative perceptions of the 
COVID-19 vaccines.  Urban residents were 2.17 times more likely to have a positive perception of the COVID-19 vaccine than rural 
residents (P=0.05). Furthermore, study participants with nuclear family type have shown a positive attitude toward the COVID-19 
vaccines and were 2.32 times more likely to have had a positive attitude than participants with extended family (P=0.036). Moreover, 
participants not vaccinated were found to be less likely to have had a positive attitude toward the COVID-19 vaccine, when compared 
with vaccinated participants (P=0.005). 

Conclusion: Although society is aware of the need for COVID-19 immunization, the community has a low positive 
perception toward COVID-19 vaccination. Similarly, people in rural areas are less aware of the significance of immunization. 
Local health officials must collaborate to address public fears about vaccinations through the media.(International Journal of 
Biomedicine. 2024;14(2):312-318.)
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Introduction
The spread of SARS-CoV-2 has caused significant 

casualties and placed enormous strain on public health 
systems around the world, necessitating the implementation 
of various prevention and control strategies, including vaccine 
development and vaccination. As of November 2023, at least 
70.5% of the world’s population had received at least one dose 
of a COVID-19 vaccine.(1)

On February 28, 2024, the CDC recommended that 
people 65 and older should get an additional dose of any 
updated COVID-19 vaccine at least four months after their 
previous shot. This recommendation reflects that the risk of 
severe disease from COVID-19 continues throughout the year 
and is highest among older adults.

Each COVID-19 vaccine causes the immune system 
to create antibodies to fight COVID-19. The main types of 
COVID-19 vaccines currently available or being studied 
include messenger RNA (mRNA) vaccine (Pfizer-BioNTech 
and Moderna COVID-19), vector vaccine (Janssen/Johnson & 
Johnson COVID-19 vaccine, Oxford-AstraZeneca ChAdOx1 
nCoV-19), protein subunit vaccine 9 (Novavax COVID-19).(2-4) 

 Large-scale vaccination against COVID-19 required 
comprehensive monitoring of vaccine safety. The Global 
COVID Vaccine Safety (GCoVS) Project, established in 2021 
under the multinational Global Vaccine Data Network™, 
facilitated a comprehensive assessment of vaccine safety.(5) 

Vaccines, regardless of the disease or vaccination 
program, are generally controversial. Vaccine hesitancy is a 
term used to describe delaying or refusing a vaccine despite 
its availability and is classified as one of the top ten threats to 
global health.(6,7)

Globally, vaccine hesitancy, reluctance to take vaccine, 
is determined by characteristics such as self-satisfaction, 
expediency, self-confidence, and various sociocultural and 
demographic factors. Vaccine hesitancy is undermining 
individual and community protection from vaccine-
preventable diseases.

Understanding the fundamental factors determining 
the community’s preferences and desires for a future vaccine 
may contribute to developing measures to improve the global 
immunization program.(8) This study aimed to investigate the 
level of awareness and perception of the COVID-19 vaccine 
and its determinants among people in Wad Madani City, 
Gezira State, as well as its known side effects.

Materials and Methods
We present a cross-sectional, descriptive, and correlative 

study based on health facilities. The research population 
consisted of people who visited Wad Madani neighborhood 
COVID-19 centers during the data collection period 
(June 2022). The study included 400 participants (56.8% 
females and 43.2% males). The data was collected using a 
structured questionnaire based on prior published studies. 
The total number of questions in the questionnaire was 27; 
sociodemographic data consists of six questions, 11 questions 
for awareness, and ten questions for perception.

Statistical analysis was performed using the statistical 
software package SPSS version 21.0 (SPSS Inc, Armonk, 
NY: IBM Corp). Group comparisons with respect to 
categorical variables are performed using the chi-square test. 
Multivariable-adjusted ORs, their respective 95%CIs, and 
P-values were calculated. A probability value of P<0.05 was 
considered statistically significant.

Ethical Considerations
The study protocol was reviewed and approved by the 

Ethics Committee at the University of Gezira’s Department of 
Family Medicine (ECUG/FM/20/2/2023). Written informed 
consent was obtained from each research participant. All 
identifiable information about participants was removed, and 
the data were coded to ensure anonymity.

Results
Table 1 displays the socio-demographic details of 

the study participants. Most respondents (78/2%) were 
older than 25. Regarding marital status, 71.2% of the study 
participants were married. Participant’s education level was 
69.8% for high school or less graduates, 28.8% for college 
graduates, and 1.5% for postgraduate degrees. Most study 
participants (87.8%) lived in urban areas, while only 12.3% 
lived in rural areas. More than two-thirds of the participants 
came from a nuclear family, while a minority came from an 
extended family. The analysis showed that vaccination status 
was not associated with gender, age, marital status, places of 
residence, or family type. Only one significant association 
was found between education level and vaccination status 
(P=0.032). More than half of those who graduate from college 
were vaccinated against COVID- 19.

Variables Responses Count Pct Vaccinated Unvaccinated P

Gender
Male 173 43.2 100 (57.8) 73 (42.2)

0.944
Female 227 56.8 132 (58.1) 95(41.9)

Age
18-25 years 87 21.8 47 (54.0) 40 (46.0)

0.395
Over 25 years 313 78.2 185 (59.1) 128 (40.9)

Marital 
status

Married 285 71.2 169 (59.3) 116 (40.7)
0.408

Unmarried 115 28.8 63 (54.8) 52 (45.2)

Education
level

High school 
or less 279 69.8 153 (54.8) 126 (45.2)

0.032Diploma/
bachelor’s degree 115 28.8 73 (63.5) 42 (36.5)

Postgraduate
studies 6 1.5 0 (0.0) 6 (100)

Places of
residence

Urban 351 87.8 201 (57.3) 150 (42.7)
0.425

Rural 49 12.2 31 (63.3) 18 (36.70

Family 
type

Nuclear 350 87.5 201 (57.4) 149 (42.6)
0.540

Extended 50 12.5 31 (62.0) 19 (3.0)

Table 1. 
The socio-demographic details of the study participants (n=400).
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A set of statements was developed to assess the study 
participants’ awareness of the COVID-19 vaccine (Table 2). Of 
the study participants, 86.0% have received all the necessary 
vaccines during their lifetime. Approximately 93.0% [95.0, 
CI: 90.3-95.7] of the participants knew the importance of the 
COVID-19 vaccines, 84.8% knew about their effectiveness, 
and 83.8% knew that the vaccines help to reduce the risk of 
virus infection. However, only 58.0% [95.0%, CI: 52.8-63.2] 
were vaccinated against COVID-19. The results indicated that 
53.2% [95.0%, CI: 548.1-58.5] of the participants knew that 
the COVID-19 vaccines have side effects, while 20.5% of 
the vaccinated participants recognized they had side effects 
after receiving the vaccine. However, it is remarkable that the 
participants were less aware of the vaccines’ effectiveness in 
reducing mortality and complications related to COVID-19. 

The COVID-19 vaccine side effects. results showed that 
56.8% of the participants did not develop side effects. Among 
those who did, the most common side effects were headache 
and fever (10.2%), injection site pain (7.9%), myalgia (7.1%), 
and chills and swelling (5.6%). Moreover, a lesser percentage 
of the vaccinated participants experienced other side effects, 
such as nausea (3.0%), tiredness/fatigue (2.6%), and sore 
throat (2.3%) (Figure 1).      

Table 3 summarizes the participants’ perceptions of the 
COVID-19 vaccines. The results showed that 52.5% had negative 
perceptions. The mean perception score was 9.03±1.54, on a 
scale from 1 to 10.  Most study participants (98.8%) agreed that 
coronavirus prevention measures and masks are still necessary 
even after vaccination.  Moreover, 97.7% agreed that COVID-19 

is a major public health issue that necessitates vaccines, 96.0% 
perceived that patients with the risk factors should be the first 
ones to get the vaccines, and 95.5% agreed that everyone 
should be required to get the vaccines. Notably, 22.0% of study 
participants perceived that diseases provide better immunity than 
vaccines. Based on Bloom’s cut-off point criteria and levels of 
perception, the participants who got the mean and above score 
were considered to have positive perception (>9.03) points, and 
those who got less than the mean score were considered to have 
a negative perception (<9.03 points). 

 Questions Count Pct  (95.0% CI)

Have you received all the recommended
vaccines? (Yes) 344 86.0 82.4-89.6

Did you receive the COVID-19 vaccine?
(Yes) 232 58.0 52.8-63.2

Do you have any chronic diseases? (Yes) 141 35.2 30.3-40.3

Do you know about the COVID-19
vaccines? (Yes) 372 93.0 90.3-95.7

Do you know how effective the COVID-19
vaccination is? (Yes) 339 84.8 81.0-88.6

Do COVID-19 vaccines help to reduce 
the risk of virus infection? (Yes) 284 83.8 80.0-87.6

Do COVID-19 vaccines vaccine is effective
in reducing mortality from COVID-19?
(Yes)

15 4.4 2.3-6.5

Would COVID-19 vaccines produce
immunity against COVID-19? (Yes) 19 5.6 3.2-8.0

Will COVID-19 vaccines reduce 
the complications of COVID-19? (Yes) 21 6.2 3.7-8.7

Do know COVID-19 vaccines have side
effects? (Yes) 213 53.2 48.1-58.5

Did you get any side effects after receiving
the COVID-19 vaccine? (Yes) 82 20.5 16.3-24.7

Table 2. 
The study participants’ awareness of the COVID-19 vaccine 
(n=400).

Fig. 1. COVID-19 vaccine side effects.

Perception regarding COVID vaccination
statements*

Agree 
(n / %)

Disagree 
(n / %)

Is COVID-19 a major public health issue
that necessitates vaccines? 391/97.9 9/223

Is the government providing enough information
about the vaccine’s safety and efficacy? 353/88.2 47/11.8

COVID-19 vaccine was effective 
at preventing COVID-19. 375/93.8 25 (6.2)

Diseases provide better immunity than
vaccines do 88/22.0 312 (78.0)

Everyone should be required to get
the COVID-19 Vaccine 382/95.5 18 (4.5)

COVID-19 vaccinations are safe to use 
in the long term. 273/68.2 127 (31.8)

I believe that even after vaccination, coronavirus
prevention measures and masks are still
necessary.

395/98.8 5 (1.2)

I will recommend to my family to get
COVID-19 vaccine 381/95.2 19 (4.8)

I believe that the COVID-19 vaccine would
reduce the number of productive hours missed
due to COVID-19 disease.

365/91.2 35 (8.8)

Patients with risk characteristics, in my opinion, 
should be the first to receive the COVID-19
vaccine.

384/96.0 16 (4.0)

Overall perception 
Positive perception
Negative perception 

190/47.5
210/52.5

*These statements were used to compute the overall score of perception

Table 3. 
The participants’ perceptions of the COVID-19 vaccines   
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As revealed in Table 4, there were differences among 
the participants’ sources of information about the COVID-19 
vaccine. Most participants from urban areas got their 
information from public media (70.2%), followed by social 
media platforms (5.2%), colleagues, friends, and relatives 
(5.2%), and lastly, from newspapers (2.8%). In the same 
order, in smaller percentages, were the results for participants 
from rural areas. This indicates that public and social media 
platforms are important sources of information about the 
COVID-19 vaccine for both urban and rural residents.

The results showed a significant association between 
residents and reasons for willingness to take the COVID-19 
vaccine. Among urban residents, the most common reason was 

protecting themselves from COVID-19 (76.7%), followed by 
protecting their relatives from infection (5.6%), and last was 
putting an end to the pandemic (4.3%). In the same order, in 
smaller percentages, were the results for participants from 
rural areas. This indicates that the important reasons that 
encouraged residents from both urban and rural areas were 
to protect themselves from COVID-19, protect their relatives 
from infection, and end the pandemic (Figure 2).         

Table 5 illustrates the results of a multivariate 
analysis of factors significantly associated with the study 
participants’ perceptions of the COVID-19 vaccines 

Source of information
Residence

Total
Urban (n/%)Rural (n/%)

Public media 281 (70.2) 13 (3.2) 294 (73.5)

Colleagues, friends, and relatives 21 (5.2) 12 (3.0) 33 (8.2)

Social media platforms 21 (5.2) 10 (2.5) 31 (7.8)

Different sources of information 17 |(4.2) 8 (2.0) 25 (6.2)

Newspapers 11 (2.8) 6 (1.5) 17 (4.2)

Total 351 (87.8) 49 (12.2) 400 (100)

P-value <0.0001

Table 4.
The participants’ sources of information about the COVID-19 
vaccine.

Predictors Responses 
Unadjusted model Adjusted model

B OR (95% CI) P-value B OR (95% CI) P-value

Gender
Male R   

Female -0.09 0.92 (0.62-1.36) 0.660 -0.27 0.76 (0.50-1.17) 0.213

Age group
18-27 years R   

More than 25 years -0.82 0.44 (0.27-0.73) 0.001 -0.31 0.73 (0.35-1.53) 0.408

Marital status
Married R

Unmarried 0.73 2.08 (1.33-3.26) 0.001 0.39 1.48 (0.77-2.83) 0.241

Education level
High school or less R

Bachelor’s degree and above 0.50 1.66 (1.07-2.56) 0.023 0.20 1.22 (0.73-2.04) 0.453

Residence
Urban R

Rural -1.41 0.24 (0.12-0.50) 0.000 0.77 2.17 (1.98-4.79) 0.050

Family type
Nuclear R

Extended 1.44 4.24 (2.05-8.74) 0.000 0.84 2.32 (1.06-5.08) 0.036

Do you know about 
the COVID-19 vaccines

No R

Yes -3.33 0.04 (0.01-0.27) 0.001 0.13 1.14 (0.74-1.76) 0.547

Did you receive 
the COVID-19 vaccine

No R

Yes -0.05 0.95 (0.64-1.42) 0.808 2.91 0.05 (0.01-0.42) 0.005

Table 5. 
The results of a multivariate analysis of factors significantly associated with the study participants’ perceptions of the COVID-19 vaccines 
adjusted by knowledge.

Fig. 2. Reasons for willingness to take COVID-19 vaccine 
(P =0.002).



316                                      A. MA. Babker et al. / International Journal of Biomedicine 14(2) (2024) 312-318

adjusted by knowledge. It is worth noting that some factors 
were significantly associated with the study participants’ 
perceptions of the vaccines. These were place of residence, 
family type, and receiving the COVID-19 vaccine. Urban 
residents were 2.17 times more likely to have a positive 
perception of the COVID-19 vaccine [B =0.77, P=0.05, (OR= 
2.17, 95% CI: 1.98-4.79)] than rural residents. Furthermore, 
study participants with nuclear family type have shown 
a positive attitude toward the COVID-19 vaccines and 
were 2.32 times more likely to have had a positive attitude 
than participants with extended family [B=0.84, P=0.036, 
(OR=2.32, 95% CI: 1.06-5.08)]. Moreover, participants not 
vaccinated were found to be less likely to have had a positive 
attitude toward the COVID-19 vaccine, when compared with 
vaccinated participants [B =-2.91, P=0.005, (OR=0.05, 95% 
CI: 0.01-042)]. However, gender, age group, marital status, 
and education level were not associated with factors related 
to the study participants’ perceptions toward the COVID-19 
vaccine (P>0.05).

Discussion
COVID-19, as a global challenge, requires a global 

response. Sudanese medical authorities have ensured 
immunization coverage through COVID-19 vaccination 
programs. Despite huge efforts and money invested in 
COVID-19 training, this study discovered that a significant 
percentage of participants lacked an understanding of 
the disease’s transmission mode and showed insufficient 
awareness of risk factors and disease avoidance, with a 
positive perception of only 47.5%.

According to the most recent findings, the older people 
polled were more likely to be vaccinated against COVID-19, 
which agreed with the outcomes of Lazarus et al.(9) In the current 
study, participants over 25 were more likely to be vaccinated 
than those under 25. Older people are more vulnerable to 
bacterial infections due to declines in physical ability and 
poor immunological response. Whether it involves pathogenic 
organisms or not, older people are more likely to become very 
unwell and have a higher fatality rate.(10) While the elderly are 
more prone to severe COVID-19 infections and death, higher 
disease concern in this group has been linked to favorable 
opinions for COVID-19 vaccines.(11) Moreover, because older 
people are more likely to acquire vaccine information from 
reputable sources such as radio and television, they are less 
likely to be overwhelmed with misinformation, contributing 
to vaccine reception. 

In this study, male and female vaccination rates for 
COVID-19 were nearly identical, in contrast to recent research 
that found women to be more motivated to be vaccinated 
against COVID-19 than men, which contradicts previous 
studies that found men to have higher rates of influenza 
vaccination.(12) This could be because women perceive health 
threats differently than men. According to the current study, 
highly educated groups were significantly more likely to 
receive COVID-19 immunizations than less educated ones. 
This could be because higher educated people gain more 
information from social media and other sources, and they are 

more concerned about the efficacy and negative repercussions 
of COVID-19 vaccines, which influences their willingness 
to be vaccinated. Previous influenza vaccine research had 
comparable results.(13)

The investigation discovered that our participants 
exhibited negative attitudes and perceptions, which contradicts 
the revelation that a high level of knowledge was highly 
associated with more positive attitudes and perceptions. At the 
same time, in a study by Papagiannis et al.,(14) Greek healthcare 
workers had a high level of knowledge concerning the SARS-
CoV-2 pandemic, which was significantly associated with 
positive attitudes and practices toward preventive health 
measures. Health professionals' high level of knowledge 
about SARS-CoV-2 may have contributed considerably to the 
successful management of the pandemic in Greece. Published 
data from a knowledge, attitude, and practice survey conducted 
during COVID-19 among the general population in China 
revealed a high rate of correct answers in the knowledge 
questionnaire, which the authors attributed to the participants' 
high educational level and the severity of the public health 
program.(15)

The dangers of SARS-CoV-2 and the necessity for 
immunization should be actively promoted throughout vaccine 
promotion initiatives. Validation of the vaccine’s efficacy 
by credible sources, medical advice, and government media 
marketing of the vaccine’s utility can all influence citizens to 
choose immunization.(16)

Based on our findings, the percentage of participants who 
had a solid comprehension of COVID-19 was significantly 
higher among those who received the COVID-19 vaccine than 
those who did not, and extended family members had more 
knowledge than nuclear family members.

 In our study, widespread belief in the efficacy of 
conventional healthcare in preventing and curing COVID-19, 
as well as misinformation from social media platforms, 
newspapers, colleagues, friends, and relatives, may have 
contributed to the lower knowledge rating among non-
vaccinated and nuclear family participants.

According to the WHO, the side effects of COVID-19 
vaccines are mostly minor and last only a few days. In our 
study, the most prevalent adverse effects were headache, 
muscle discomfort, fever, tiredness, and joint pain. These 
findings are consistent with the results reported by Riad et 
al.,(17 Zhu et al.,(18) and numerous other studies. The most 
frequently stated local side effect was injection discomfort. A 
study by Almughais et al.(19) included 2,530 participants from 
different regions of Saudi Arabia. The most common vaccine 
among the study group was Pfizer-BioNTech COVID-19 
vaccine, for which 73.8% of the population was provided; 
the remaining 26.2% received the Oxford-AstraZeneca 
vaccine. Regarding the Pfizer-BioNTech vaccine, the 
common systemic side effects that followed the first dose 
included headaches, followed by muscle pain, fever, and joint 
pain. Vaccine side effects were more frequently reported by 
smokers and those who received the AstraZeneca vaccine. 
The documented side effects among our study participants 
indicate that vaccinations have safe characteristics. These 
findings are consistent with the results reported in a study by 
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Alhazmi et al.,(20) in which Oxford-AstraZeneca and Pfizer-
BioNTech vaccines were received by 75% and 25% of the 
study participants, respectively. Side effects associated with 
COVID-19 vaccines have been reported by 60% of the study 
subjects, and most of them reported fatigue (90%) and pain 
at the site of the injections (85%).

More research is needed to determine the efficacy of 
current vaccines in protecting against COVID-19. Another 
study on the assessment in Jordan of side effects and 
perceptions after COVID-19 found that most post-vaccination 
side effects were common and non-life threatening (fatigue, 
chills, disorientation, fever, headache, joint pain, and 
myalgia). Only 10% of participants had severe side effects, 
whereas 39% and 21% had moderate and mild side effects. 
At the same time, the results of the GCoVS Project should 
also be noted.(5) This multi-country analysis confirmed pre-
established safety signals for myocarditis, Guillain-Barré 
syndrome, and cerebral venous sinus thrombosis. Other 
potential safety signals that require further investigation 
were identified.

Conclusion
Although society is aware of the need for COVID-19 

immunization, it has been observed that the community has 
a low positive perception toward COVID-19 vaccination. 
Similarly, people in rural areas are less aware of the significance 
of immunization. Local health officials must collaborate to 
address public fears about vaccinations through the media, 
which has a significant and powerful influence, particularly 
now that different variants of SARS-CoV-2 are developing 
and spreading.
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Abstract
Background: Palatal rugae are elevations found on the anterior part of the hard palate and are the most stable features 

in the mouth. Our study aimed to analyze the palatal rugae pattern among an adolescent sample of the Albanian population in 
southeastern Kosovo.

Methods and Results: A total of 100 adolescents (50 females and 50 males) aged from 12 to 18 were selected from schools 
in southeastern Kosovo. Palatal impressions were taken with elastomers, and models of the upper jaw were poured into stone 
casts for further examination. The rugae patterns were classified according to the Thomas and Kotze classification. The current 
study indicates that the predominant rugae pattern among the young population in southeastern Kosovo is the straight rugae. The 
predominant rugae pattern among female subjects is straight rugae and among males, wavy rugae; the frequency of various rugae 
patterns differed significantly between men and women. The total number of palatal rugae in men was significantly higher than in 
women. At the same time, there is no significant difference in the number of palatal rugae on the left and right sides between male 
and female subjects.(International Journal of Biomedicine. 2024;14(2):319-323.)
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Introduction
Palatoscopy, or palatal rugoscopy, studies palatal 

rugae patterns. Palatal rugae become apparent in the mouth 
between the 12th and 14th weeks of prenatal life. Epithelial-
mesenchymal interactions are known to play a critical role 
in the development of many organs, including the palate. 
Periodic patterning of iterative structures, the palatal rugae, 
develops by Turing-type reaction-diffusion mechanisms 
that occur through epithelial-mesenchymal interactions.(1) 

Physiologically, relieving the palate helps swallowing, speech, 
tasting food, and sucking of the finger in children.(2)

Palatal rugae, like fingerprints, do not change throughout 
life. No two palates are alike regarding their rugae pattern, 
which remains stable even during an eruption or tooth loss.(3) 
The most widely known classification is the Thomas and Kotze 
classification.(4) Palatoscopy is also an important tool for gender 
determination.(5,6) Every person has a unique palatal rugae 
pattern, even in monozygotic twins. Herrera et al.(7) showed 
that palatal rugae were unique to each individual, even in 
monozygotic twins. Lestari et al.,(8) in their study of monozygotic 
twins, concluded that patterns of palatal rugae were unique in 
identical twins even though they showed a mirror-image effect. 
Therefore, they could be used as an adjunctive tool for medico-
legal identification. 

Currently, palatoscopy is considered a promising 
alternative method for identifying human individuals. 
Palatoscopy doesn’t need complex instrumentation for 
examination but requires a very well-trained dentist with 
broad background knowledge in forensics. Mahajan et al.,(9) 
analyzing many studies in their review article, concluded that 
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palatoscopy can be successfully used for identifying humans. 
When dental identification is not possible in an edentulous 
patient, palatoscopy is the method of choice.(10) Poojya et al.(11) 
concluded that cast records are beneficial in these cases, but 
if they are unavailable, the mucosal surface of the dentures 
could be a good source for taking records. Our study aimed to 
analyze the palatal rugae pattern among an adolescent sample 
of the Albanian population in southeastern Kosovo.

Materials and Methods
A total of 100 adolescents (50 females and 50 males) 

aged from 12 to 18 were selected from schools in southeastern 
Kosovo. All 100 subjects were healthy, without any congenital 
abnormalities, orthognathic operations, previous orthodontic 
treatment, inflammation, trauma, malformations, deformities, 
or surgical scars. 

Materials used for the study were elastomers (Zhermack), 
graphite pencils, and scissors (Figure 1). Palatal impressions 
were taken with elastomers, and models of the upper jaw were 
poured into stone casts for further examination. The shape of 
the rugae was traced with a graphite pencil (Figure 2). 

According to the Thomas and Kotze classification, the 
rugae patterns were classified based on shape, unification, and 
length. Based on shape, rugae were divided into Wavy (curved 

shape at the origin or termination), Straight (the rugae run 
directly from the origin to termination), Circular (rugae that 
form a continuous ring), Curved (crescent and curved gently); 
unification was defined as when two rugae are joined at their 
origin or termination. Unification was classified into divergent 
(rugae were considered to be diverging if two rugae had the 
same origin but immediately branched) and convergent (rugae 
were considered to be converging if two rugae with different 
origins joined on their lateral portions). The rugae were also 
classified based on their length as primary rugae (>5 mm), 
secondary (3-5 mm), and fragmentary (<3 mm). 

Statistical analysis was performed using statistical 
software package SPSS version 23.0 (SPSS Inc, Armonk, 
NY: IBM Corp). Baseline characteristics were summarized 
as frequencies and percentages for categorical variables. 
Differences in attributive series between the patient groups 
were tested using Pearson Chi-square / Monte Carlo Sig. 
(2-sided). In all cases, a probability value of P<0.05 was 
considered statistically significant.

Results
Table 1 and Figure 3 show the shapes of the palatal rugae 

pattern in the subjects included in the study. A total of 519 the 
palatal rugae pattern were registered in 50 female subjects: 
277(53.37%) on the right and 242(46.63%) on the left side. A 
total of 592 the palatal rugae pattern were registered in 50 male 
subjects: 294(49.66%) on the right and 298(50.34%) on the 
left side. On the right side of the palates of female subjects, the 
straight rugae were dominant (98/35.38%), followed by wavy 
rugae (68/24.55%), curved rugae (41/14.80%), circular rugae 
(30/10.83%), divergent rugae (29/10.47%), and convergent 
rugae (11/3.97%). The distribution pattern of different variants 
of rugae shapes on the left side of the palates of female subjects 
was similar to that on the right side. On the right side of the 
palates of male subjects, the wavy rugae were dominant 
(87/29.59%), followed by straight rugae (75/25.51%), curved 
rugae (57/19.39%), circular rugae (42/14.29%), divergent rugae 
(18/6.12%), and convergent rugae (15/5.10%). The distribution 
pattern of different variants of rugae shapes on the left side of 
the palates of male subjects was similar to that on the right side. 

                      Fig. 1. Materials used for data collection.

Fig. 2. The highlighted rugae with graphite pencil.

Variable Valid N Female % Valid N Male %
Straight/Right 50 98 35.38 50 75 25.51
Straight/Left 50 68 28.10 50 80 26.85
Wavy/Right 50 68 24.55 50 87 29.59
Wavy/Left 50 67 27.69 50 76 25.50
Curved/Right 50 41 14.80 50 57 19.39
Curved/Left 50 50 20.66 50 68 22.82
Circular/Right 50 30 10.83 50 42 14.29
Circular/Left 50 24 9.92 50 42 14.09
Divergent/Right 50 29 10.47 50 18 6.12
Divergent/Left 50 23 9.50 50 20 6.71
Convergent/Right 50 11 3.97 50 15 5.10
Convergent/Left 50 10 4.13 50 12 4.03

Table 1.
Shapes of the palatal rugae pattern in the study subjects.
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Thus, among all those examined, 1111 palatal rugae 
were registered: the straight rugae (321/28.89%) were 
dominant, followed by wavy rugae (298/26.82%), curved rugae 
(216/19.44%), circular rugae (138/12.42%), divergent rugae 
(90/8.1%), and convergent rugae (48/4.32%) (Table 2 and 
Figure 4). The total distribution of the rugae patterns in female 
and male subjects is presented in Table 2. We found a significant 
difference in the total number of palatal rugae between female 
and male subjects (Pearson chi-squared =13.07 and P=0.023 
/ Monte Carlo Sig. (2-sided) / 0.019–0.026 /) (Table 2 and 
Figure 4). The frequency of various rugae patterns also differed 
significantly between men and women.

Tables 3-4 and Figures 5-6 show the palatal rugae 
distribution based on their length on the right and left sides 
in female and male subjects. 

In female subjects, on the right side, primary rugae 
were found in 197(69.12%) women, secondary rugae in 
47(16.49%), and fragmentary rugae in 41(14.39%). The 
distribution patterns of primary, secondary, and fragmentary 
rugae on the left side of the palate were as follows: primary 
rugae - 193(72.83%), secondary rugae - 32(12.08%), and 
fragmentary rugae - 40(15.09%). 

Fig. 3. Shapes of the palatal rugae pattern in the subjects 
included in the study.

Shape of rugae
Total

Straight Wavy Curved Cir Div Con

G
en

de
r

Fe
m

al
e Count 166 135 91 54 52 21 519

% 32.0 26.0 17.5 10.4 10.0 4.0 100.0

M
al

e Count 155 163 125 84 38 27 592

% 26.2 27.5 21.1 14.2 6.4 4.6 100.0

Total Count 321 298 216 138 90 48 1111
% 28.9 26.8 19.4 12.4 8.1 4.3 100.0

 
Cir - Circular; Div - Divergent; Con - Convergent.

Table 2. 
Total distribution of the rugae patterns in female and male subjects.

Fig. 4. Total distribution of the rugae patterns in female 
and male subjects.
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50 197 69.12 47 16.49 41 14.39 285

Le
ft 50 193 72.83 32 12.08 40 15.09 265

Total 100 390 79 81 550

Table 3. 
Palatal rugae distribution based on their length on the right and 
left sides in female subjects. 
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50 200 70.18 42 14.73 43 15.09 285

Le
ft 50 200 69.20 46 15.92 43 14.88 289

Total 100 400 88 86 574

Table 4. 
Palatal rugae distribution based on their length on the right and 
left sides in male subjects.

Fig. 5. Palatal rugae distribution based on their length on 
the right and left sides in female subjects.
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In male subjects, on the right side, primary rugae 
were found in 200(70.18%) men, fragmentary rugae in 
43(15.09%), and secondary rugae in 42(14.73%). The 
distribution patterns of primary, secondary, and fragmentary 
rugae on the left side of the palate were as follows: primary 
rugae - 200(69.20%), secondary rugae - 46(15.92%), and 
fragmentary rugae - 43(14.88%). 

We found no significant difference in the number of 
primary, secondary, and fragmentary palatine rugae on the 
right and left sides of female and male subjects (P=0.34 and 
P=0.93, respectively). 

Discussion 
Palatoscopy studies palatal rugae, which are 

characteristic elevations in the anterior part of the hard palate. 
They are also unique for every person, like fingerprints. 
In the present study, 1111 palatal rugae were found in the 
study sample. The predominant rugae, among all subjects, 
were straight rugae (28.89%), followed by wavy shape 
(26.82%), curved rugae (19.44%), circular rugae (12.42%), 
divergent rugae (8.1%), and convergent rugae with the 
lowest frequency (4.32%). Similar results have been shown 
in studies by Pillai et al.,(12) Khalid et al.,(13) and Sheikhi et 
al.,(14) where the most common rugae were the straight type, 
followed by the wavy type. In contrast, a study by Byatnal 
et al.(15) found that a wavy shape was predominant among 
five different populations of India. Our study showed that 
the predominant rugae pattern in females was straight rugae 
(32%), while the wavy type was predominant in males 
(27.5%). The total number of palatal rugae in men was 
significantly greater than in women. The results of a study 
by Sharma et al.(16) showed contradictory data. We found no 
significant difference in the number of primary, secondary, 
and fragmentary palatine rugae on the right and left sides 
of female and male subjects. These findings were consistent 
with a study by Jadoon et al.(17)  

Conclusion 
The results of the current study indicate that the 

predominant rugae pattern among the young population in 
southeastern Kosovo is the straight rugae. The predominant 

rugae pattern among female subjects is straight rugae and 
among males, wavy rugae; the frequency of various rugae 
patterns differed significantly between men and women. 
The total number of palatal rugae in men was significantly 
higher than in women. At the same time, there is no significant 
difference in the number of palatal rugae on the left and right 
sides between male and female subjects.
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Abstract
Background: The aim of this study was to assess cytological alterations of the squamous epithelium of the alveolar ridge 

mucosal surface under the acrylate prosthesis in patients with type 2 diabetes (T2D).
Methods and Results: The subjects of interest were patients in whom the total acrylate prosthesis had been applied 3-5 years 

or more prior to the examination. The subjects were divided into two groups: 30 adult subjects with T2D (T2D group) and 30 adult 
subjects without T2D (control group). Both groups were over 49 years of age. Cytological smears were obtained by cytobrush 
from the mucosal surface of the gingival crest underlying the acrylate prosthesis. The following parameters were assessed: type of 
cells (basal, intermediate, superficial, superficial without nucleus, and parakeratotic), proportions of the types of cells, cytoplasmic 
diameter, nuclear diameter, and nucleus-to-cytoplasm ratio. An independent sample t-test was used to compare the two study 
groups. The percentage of superficial cells was significantly lower in the T2D group than in the control group (P=0.001). The T2D 
group tended to have a higher rate of parakeratotic cells (13.0±11.12 % vs. 8.07±7.92%, P=0.052). Superficial cells in the T2D 
group had a significantly lower mean cytoplasmic diameter than the control group (32.7947±8.61929µ vs. 36.6383±4.32228µ, 
P=0.03). Additionally, the nucleus-to-cytoplasm ratio of intermediate and superficial cells in the T2D group was significantly higher 
than in the control group (0.2407±0.07206 vs. 0.2000±0.03291, P=0.007 and 0.2573±0.06330 vs. 0.2280±0.03178, P=0.027). 

Conclusion: The results of our study show that total acrylate prostheses in diabetic patients are responsible for the disrupted 
maturation of squamous epithelial cells. This is reflected in smaller superficial cells, increased parakeratosis, and the higher 
nucleus-to-cytoplasm ratio of intermediate and superficial cells.(International Journal of Biomedicine. 2024;14(2):324-328.)
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Introduction
Type 2 diabetes (T2D) is an expanding global health 

problem. Contributing factors include genetics, obesity, 
physical inactivity, and advancing age.(1) Several oral diseases 
and disorders manifest themselves with greater frequency and 
severity in individuals with diabetes mellitus.(2) The situation 

is even worse in edentulous patients with diabetes mellitus 
who, on some occasions, happen to be wearers of total acrylic 
prostheses, given all the microvascular complications that 
may occur in relation to the disease.(3) Although the prevalence 
of complete tooth loss has declined over the last decade, 
edentulism remains a major disease worldwide, especially 
among older individuals.(4) The reasons for edentulism are 
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many. While it is primarily the result of microbial or genetic 
diseases that have strong individual and behavioral impacts, 
edentulism can be the result of iatrogenic, traumatic, or 
therapeutic causes, too.(5) Edentulism is manifested with 
masticatory difficulty, altered facial expression and difficulty 
in speech.(6,7) Most edentulous patients are rehabilitated by 
the application of total acrylic prostheses as a replacement 
for lost bone and teeth. Complete dentures restore the 
function of the jaw-tooth system and improve the aesthetic 
aspect of the face, which are very important to the life of an 
individual.(8) The effect of total prostheses on the oral mucosa 
has been the subject of a number of scientific studies with 
rather controversial results.(9-19) These studies analyzed the 
cytological features of oral mucosa. The major advantage 
of exfoliative cytology is the non-invasive character of the 
technique, which allows a simple and painless collection 
of mucosal cells from different layers of the epithelium for 
microscopic examination.(20) The cytological examination may 
be carried out by the conventional method and liquid-based 
cytology (LBC).(21)

In our study, we used LBC, which allows immediate 
fixation of cells while removing unwanted harvested material, 
e.g., blood cells, mucus, and debris. This technique provides 
for a thin cellular layer of evenly dispersed cells in a clear 
background.(22)

Although several studies have suggested a potential 
association between diabetes and oral mucosa,(23) the effect of 
total acrylic prosthesis on the underlying mucosa in diabetic 
patients is rarely reported.(24) The aim of this study was to 
assess cytological alterations of the squamous epithelium 
of the alveolar ridge mucosal surface under the acrylate 
prosthesis in T2D patients.

Materials and Methods
The subjects were selected from the patient records 

at the University Dentistry Clinical Center of Kosovo. The 
subjects of interest were patients in whom the total acrylate 
prosthesis had been applied 3-5 years or more prior to the 
examination. The subjects were divided into two groups: 30 
adult subjects with T2D (T2D group) and 30 adult subjects 
without T2D (control group). Both groups were total acrylate 
prosthesis wearers and over 49 years of age. Exclusion 
criteria were patients with oral pathologies that may interfere 
with morphological features of the epithelial cells, such as 
stomatitis, candidiasis, and other infections, and patients with 
traumatic or tumor lesions. 

Clinical protocol
Prior to cell collection, a questionnaire was filled out 

with relevant information, such as the patient’s age, duration 
of T2D, type of treatment for T2D, duration of wearing a total 
prosthesis, causes of tooth loss, oral hygiene habits, smoking 
habits, alcohol consumption, daytime and/or nighttime wearing, 
and maintenance and hygiene of prostheses. Subjects underwent 
a clinical oral examination before sampling. The oral mucosa 
status was generally evaluated. The mucosa in the undersurface 
of the acrylate prosthesis was assessed for the following: color, 
surface, transparency, vascularity, edema, and evidence of recent 

or old traumatic lesions or tumors. Photographs were taken 
from the areas of interest and stored for analysis. Subsequently, 
disinfecting mouthwash was applied for a few seconds before 
sampling. A cytological sample was obtained using a cytobrush; 
the smear was taken from the mucosal surface of the gingival 
crest underlying the acrylate prosthesis. After the smear was 
scraped off from the surface, the cytobrush was placed in a cell 
collection vial for LBC.  

Laboratory protocol
The cell suspension from the cell collection vial was 

placed in a Hettich cytospin centrifuge and subsequently applied 
on a glass slide. After additional fixation of the cell smear 
with 96% ethanol, the same was stained by the Papanicolaou 
method. This stain was applied because it provides the best 
morphological details and level of keratinization of the 
squamous epithelial cells. After staining, the slides were 
mounted with a mounting medium and coverslipped. 

Cytological and cytometric analysis (Figures 1-4)
The microscope slides were scanned by a Microvisioneer 

slide scanner, using the Olympus CX41 microscope and the 
Microvisioneer Manual WSI 2020C-34 FL software. After 
scanning, the images were transferred and saved on the 
InstaSlide cloud platform. Cytometric analysis was performed 
using the Aperio Image Scope software (v12.4.3.5008). The 
following parameters were assessed: overall cellularity; 
ratio of basal-to-intermediate-to-superficial cells; presence 
and percentage of parakeratinized squamous epithelial cells; 
presence and percentage of anuclear surface epithelial cells 
(keratinization); the median diameter of basal, intermediate, 
and superficial cell cytoplasm; the median diameter of basal, 
intermediate, and superficial cell nuclei; the nucleus-to-
cytoplasm ratio of basal, intermediate, and superficial cells. 

Fig 1. Squamous epithelial cells in the cytological 
smear (Papanicolaou stain, 20x magnification; 
SlideViewer software).

Fig. 2. Measurement of cytoplasmic diameter 
(Papanicolaou stain, 10x magnification; Aperio 
Image Scope software).
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Statistical analysis was performed using the statistical 
software package SPSS version 23.0 (SPSS Inc, Armonk, 
NY: IBM Corp). For the descriptive analysis, results are 
presented as mean, standard deviation (SD), standard 
error of the mean (SEM). Means of 2 continuous normally 
distributed variables were compared by independent samples 
Student's t-test. A probability value of P<0.05 was considered 
statistically significant. 

Results
Our results show no significant difference between the 

sample cellularity of the two study groups (P=0.838) (Table 1).

In contrast, the percentage of superficial cells was 
significantly lower in the T2D group than in the control group 
(P=0.001) (Table 2). Also, the T2D group tended to have a 
higher rate of parakeratotic cells (13.0±11.12 vs. 8.07±7.92, 
P=0.052) (Table 2). Superficial cells in the T2D group had 
a significantly lower mean cytoplasmic diameter than the 
control group (32.7947±8.61929µ vs. 36.6383±4.32228µ, 
P=0.03) (Table 3). Additionally, the nucleus-to-cytoplasm 

ratio of intermediate and superficial cells in the T2D group was 
significantly higher than in the control group (0.2407±0.07206 
vs. 0.2000±o.03291, P=0.007 and 0.2573±0.06330 vs. 
0.2280±0.03178, P=0.027) (Table 4). 

Discussion 
Considering that changes in the oral mucosa of patients 

with diabetes mellitus are common, epithelial mucosal 
changes under the surface of acrylate prosthesis should be 
even more pronounced. The squamous epithelium undergoes 
constant replacement by cell migration and differentiation. 
Keratinization is a process of cytodifferentiation during which 

Fig. 3. Measurement of nuclear diameter (Papanicolaou 
stain, 40x magnification; Aperio Image Scope software)

Fig. 4. Measurement of nucleus-to-cytoplasm ratio 
(Papanicolaou stain, 40x magnification; Aperio Image 
Scope software)

Cellularity N Mean SD SEM P-value

T2D group 30 2.4667 0.68145 0.12441
0.838

Control group 30 2.5000 0.57235 0.10450

Table 1. 
Cellularity of cytological smears in the study groups.

Type of squamous
epithelial cells (%) N Mean SD SEM P-value

Intermediate (T2D) 30 27.2667 25.45304 4.64707
0.27

Intermediate (Control) 30 21.2333 15.48009 2.82627

Superficial (T2D) 30 32.3333 25.20992 4.60268
0.001

Superficial (Control) 30 52.2667 19.22630 3.51023

Parakeratotic (T2D) 30 13.0000 11.12003 2.03023
0.052

Parakeratotic (Control) 30 8.0667 7.91739 1.44551

Anuclear (T2D) 30 27.7333 30.77161 5.61810
0.18

Anuclear (Control) 30 18.4333 21.69170 3.96034

Table 2. 
Percentage of types of squamous epithelial cells in the study groups.

Table 3. 
Cytoplasmic (CD) and nuclear (ND) diameter of intermediate and 
superficial cells in the study groups.

Type of squamous 
epithelial cells N Mean 

(µ) SD SEM P-value

Intermediate CD (T2D) 30 38.4547 15.41475 2.81433
0.24

Intermediate CD (Control) 30 42.1333 7.62489 1.39211

Superficial CD (T2D) 30 32.7947 8.61929 1.57366
0.03

Superficial CD (Control) 30 36.6383 4.32228 0.78914

Intermediate ND (T2D) 30 8.6450 2.30501 0.42084
0.39

Intermediate ND (Control) 30 8.2587 0.82743 0.15107

Superficial ND (T2D) 30 8.1860 2.11151 0.38551
0.87

Superficial ND (Control) 30 8.2523 0.70371 0.12848

Table 4. 
Nucleus-to-cytoplasm ratio (N:C) of intermediate and superficial 
cells in the study groups.

Type of squamous 
epithelial cells / N:C N Mean SD SEM P-value

Intermediate / N:C (T2D) 30 0.2407 0.07206 0.01316
0.007

Intermediate / N:C (Control) 30 0.2000 0.03291 0.00601

Superficial / N:C (T2D) 30 0.2573 0.06330 0.01156
0.027

Superficial / N:C (Control) 30 0.2280 0.03178 0.00580
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the keratinocytes undergo maturation from their germinative 
state to finally differentiated stratum corneum.(9,10) 

Cytological and cytometric changes of the oral mucosal 
epithelial cells in the immediate undersurface of the acrylate 
prostheses provide important morphological data about the 
level of irritation of the mucosa in diabetic patients. Various 
published studies have observed changes in the degree of 
keratinization of oral epithelium under prosthesis. Some of 
these studies show that oral epithelium under the prosthesis 
becomes more keratinized, while others show that the 
epithelium remains non-keratinized.(11) Many authors have 
concluded that total dentures affect keratinization, and most 
have reported increased keratinization in patients who wear 
total dentures. According to a study by Kumaresan and 
Jagannathan,(25) exfoliative cytology plays a major role in 
diagnosing clinically misinterpreted changes. Considering 
that the sensitivity and specificity of cytology are limited, the 
combination of computer-aided cytology and morphometry 
improves its accuracy. According to this study, this method 
should be used as a routine method for diagnosing mucosal 
lesions in the early stages. In a cytological study by Markov 
et al.,(12) if dentures were regularly removed at night, ortho 
keratinization (normal keratinization) occurred. They believed 
that rest at night made it possible for the oral mucosa to 
recover from the wear and tear caused by the dentures. 
According to a study by Watson and MacDonald,(13) the 
degree of keratinization was lower, and the stratum corneum 
was thinner in the epithelium under dentures. The complete 
dentures in these studies seemed to reduce the quantity and 
quality of the keratin layer. Our study has shown that the 
presence of a denture produced a more regular epithelium 
with few rete ridges and a thinner, less keratinized stratum 
corneum. In diabetic patients, due to the previously 
mentioned oral manifestations and increased susceptibility, 
these changes may have altered morphology and gravity. 
According to a study by Farhan and Yas,(26) diabetes is related 
to certain cytomorphometric changes in the oral mucosal 
cells. Our study shows that nuclear diameter increases while 
cytoplasmic diameter decreases in oral mucosal epithelial 
cells in T2D patients, compared to patients without diabetes. 
Parallel to these observations, our study shows that in the 
T2D group, superficial cells were smaller than in the control 
group. Similarly, there was also an increase in the nucleus-
to-cytoplasm ratio in superficial and intermediary cells in 
T2D patients, compared to the control group. Additionally, 
our study shows an alteration of the differentiation process of 
the keratinocytes in diabetes mellitus with lesser numbers of 
superficial cells and an increased percentage of parakeratotic 
cells, compared to the control group. In our study, there was 
a higher percentage of superficial cells without a nucleus in 
the diabetes mellitus than in the control group; however, it 
was not statistically significant. We believe that with a larger 
study group, statistical significance could be established even 
regarding the percentage of superficial cells without a nucleus. 

The alveolar ridge under the acrylic prosthesis seems 
to be a useful site for cell collection, considering that during 
chewing, the oral mucosa beneath the denture plays a critical 
role in distributing occlusal loads to the underlying bony ridge 

over a large denture-supporting tissue interface.(14,27,28) Acrylic-
based resins are frequently used in daily dental practice for 
prostheses as they can provide essential properties and have 
the necessary characteristics for their use in diverse functions. 
During the polymerization of these materials, the residual 
monomer is released, which may be cytotoxic to oral mucosa. 
There is an assumption that residual monomers in the denture 
base, which is in direct contact with oral mucosa, might have 
a clinical impact on the tissue.(29-33) Some of the studies found 
that there is not only a quantitative reduction of keratinization 
but also acanthosis. Its frequency is considered even more 
significant in patients suffering from diabetes mellitus, 
considering the oral mucosa sensitivity in these patients. The 
results of our study support these observations. 

In conclusion, the results of our study show that total 
acrylate prostheses in diabetic patients are responsible for 
the disrupted maturation of squamous epithelial cells. This is 
reflected in smaller superficial cells, increased parakeratosis, 
and the higher nucleus-to-cytoplasm ratio of intermediate 
and superficial cells. We believe that these results should be 
a driver for further research in exploring alternative materials 
or approaches for managing edentulism in diabetic patients.
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Abstract
The aim of this study was to compare the efficacy of resin infiltration and bifluoride varnish in white spot lesions (WSLs) in 

children between the ages of 8 and 15. 
Methods and Results: This study was conducted at Alma Mater Europaea Campus College “Rezonanca” (Pristina, Kosovo) 

and enrolled 60 participants (34 females and 26 males) between the ages of 8 and 15 years with WSLs in the vestibular surface 
on permanent anterior teeth. The participants were randomly assigned to the resin infiltration (Icon®) group (Group 1, n=30) and 
the bifluoride varnish (F&A Biflu) group (Group 2, n=30). Both materials were applied on permanent anterior teeth with WSLs in 
enamel. WSLs were assessed using ICDAS-II (International Caries Detection and Assessment System) criteria by visual inspection, 
which were coded as 1 and 2. Lesions were evaluated before the material was applied (T0), just after application (T1), and at a 
6-month follow-up (T2). A total of 173 teeth from 60 participants were included in our study. Group 1 showed a significant decrease 
in ICDAS-II scores throughout time intervals T0-T1 (P=0.001), T0-T2 (P=0.001), and T1-T2 (P=0.041). In Group 2, there was no 
visible difference between T0-T1 (P=1.00) but a significant decrease between T0-T2 (P=0.001) and T1-T2 (P=0.001). Comparisons 
between the two groups in relation to T0, T1, and T2 were analyzed using the independent samples t-test. Significant differences have 
been presented in two cases at T1 (P=0.001) and T2 (P=0.003). ICDAS-II scores decreased significantly in Group 1.

Conclusion: The application of resin infiltration in WSLs was found to be more effective than the application of bifluoride 
varnish. While the effects of bifluoride varnish in WSLs persisted over time, the effect of resin infiltration was evident as soon as WSLs 
were treated. Moving forward, we recommend considering resin infiltration as a favorable option for WSL treatment. Future studies 
with long-term follow-ups are necessary to corroborate these results.(International Journal of Biomedicine. 2024;14(2):329-334.)
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For citation: Krasniqi B, Pavlevska M, Kurshumliu ED, Xhemajli BL, Kutllovci T. Comparative Evaluation of Resin Infiltration 
and Bifluoride Varnish in White Spots in Children between the Ages of 8 and 15 Years. International Journal of Biomedicine. 
2024;14(2):329-334. doi:10.21103/Article14(2)_OA16

Abbreviations
BFV, bifluoride varnish; FV, fluoride varnish; RI, resin infiltration; WSL, white spot lesion.

Introduction
Dental caries, often known as tooth decay, is one of the 

most common chronic disorders afflicting people worldwide; 

people are susceptible to it throughout their lives.(1) The 
balance of pathogenic and preventative factors determines the 
start and progression of caries.(2) Dental disease treatment is 
quite expensive in all nations, and prevention is very easy and 
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efficient.(3) First, mineral loss causes microporosities, which 
may be seen clinically as white, opaque, and rough areas. If 
the mineral loss persists, these white spot lesions (WSLs) will 
ultimately grow into lesions with cavitation.(4-6)

White spot lesions are described as demineralization of 
the enamel surface and subsurface without cavitation. Such 
symptoms are the early clinical signs of the development of 
dental caries, with a possibility of reversal. These lesions 
are distinguished by their white chalky, opaque appearance.
(7) Active WSLs are ‘chalky’/dull and uneven on probing, but 
inactive lesions are glossy and smooth on probing.(8) White 
spot lesions are common in orthodontic patients, especially 
beneath broken bands, around bracket bases, and in areas 
where brushing is difficult.(9,10)

Noninvasive or minimally invasive therapies are 
essential for stopping tooth decay before caries develops and 
for reducing treatment time and costs.(11) So far, numerous 
strategies for treating WSLs have been researched.(11,12) It has 
been demonstrated that in noninvasive treatments of WSLs, 
topical fluoride products, along with diet and good dental 
hygiene, improve lesion remineralization.(13)

Bifluoride varnish (BFV) is good for accelerating tooth 
remineralization and fluoridation. The unique mix of the two 
fluoride salts allows for both immediate high fluoride release 
through NaF and long-term fluoridation through CaF2. The easily 
soluble sodium fluoride releases fluoride ions quickly, which 
are converted to calcium fluoride on the tooth surface to assist 
remineralization efficiently. Fluorides have been used for many 
years as an effective way to prevent and stop caries. Researchers 
have proven that fluoride achieves its preventive effects by being 
incorporated into the structure of teeth, making them stronger 
and more resistant to attack by acids released by bacteria. 

Resin infiltration (RI) in treating early proximal caries 
lesions is a new concept in dentistry, with beneficial clinical 
applicability for clinicians and high patient acceptance. 
Such infiltration is effective in arresting smooth-surface 
enamel lesions in permanent teeth in children (14-16) and is an 
alternative approach to treating early caries lesions that are not 
expected to remineralize or arrest by noninvasive measures 
when performed with low-viscosity light-curing resins (so-
called infiltrants). Resin infiltration has lately been recognized 
as a minimally invasive treatment. The RI therapy, which 
involves filling the enamel intercrystalline spaces with a low-
viscosity resin with a high penetration coefficient, prevents the 
lesion from growing further.(17-20) The effectiveness of RI in 
stopping caries lesions has been studied in vitro,(21) in situ,(22) 

and in vivo,(14) and clinical evidence of its ability to cover 
up WSLs has been provided.(23,24) However, more research is 
required to fully understand the camouflage impact of the RI 
approach and the potential remineralization action of fluoride 
compounds within the non-cavitated active WSLs. (25) 

The aim of this study was to compare the efficacy of RI 
and BFV in WSLs in children between the ages of 8 and 15. 

Materials and Methods
This study was conducted at Alma Mater Europaea 

Campus College “Rezonanca” (Pristina, Kosovo) with 

prior approval from the Ethical Committee (AD-3408/22, 
14.06.2022) of this institution and enrolled 60 participants. 
The parents of the children were informed about the whole 
procedure and signed an agreement to include their children 
in the study. 

Participant selection
The participants were randomly assigned to the RI 

(Icon®) group (Group 1, n=30) and the BFV (F&A Biflu) 
group (Group 2, n=30). Both materials were applied on 
permanent anterior teeth with WSLs in enamel. Inclusion 
criteria were participants between the ages of 8 and 15 years 
with WSLs in the vestibular surface on permanent anterior 
teeth. Exclusion criteria were participants with active carious 
lesions, restoration of the surface of the teeth being treated, 
and deciduous teeth.

The clinical selection was done using artificial light, a 
dental mirror, a ball-ended probe, and air drying. WSLs were 
assessed using ICDAS-II (International Caries Detection and 
Assessment System) criteria by visual inspection, which were 
coded as 1 and 2. Lesions were evaluated before the material 
was applied (T0), just after application (T1), and at a 6-month 
follow-up (T2).

Treatment procedures
Resin infiltration
All participants received the same preparation protocol 

for teeth cleaning, with a brush and paste. A lip retractor, cotton 
roll, and gum shield were used to maintain a dry working 
environment. The RI procedure was performed according 
to the manufacturer’s instructions. A 15% hydrochloric acid 
gel was applied over WSLs for two min. Next, the acid was 
rinsed for 30 seconds, and the treated surfaces were dried, 
then ethanol was applied for 30 seconds and was dried. In the 
last step, RI was applied to the surface of the lesion using a 
micro brush and left for three min. Excessive material was 
wiped away from the surface using a cotton roll before light 
curing. After light curing for 40 sec, the application of RI was 
repeated once for 1 minute and light cured for 40 sec. Rough 
surfaces were smoothed using silicone discs and polishes.

Bifluoride varnish
The surfaces to be treated with BFV were carefully 

cleaned and air-dried. One or two drops of medication were 
applied using the applicator as a thin layer to the surfaces to be 
treated. The varnish penetrates the tooth tissue for a few seconds 
before being air-dried. For the next two hours, the children were 
told to eat soft foods and beverages that were not sticky or firm 
and not to brush or floss for the rest of the day.

 Follow-up examination
Lesions on permanent anterior teeth were evaluated by 

ICDAS-II criteria for two groups at the T0, T1, and T2 time 
periods. The collected information was analyzed statistically.

Statistical analysis was performed using the statistical 
software package SPSS version 26.0 (SPSS Inc, Armonk, 
NY: IBM Corp). Baseline characteristics were summarized 
as frequencies and percentages for categorical variables and 
mean ± standard deviation (SD) for continuous variables. Inter-
group comparisons were performed using Student’s t-test. 
A probability value of P<0.05 was considered statistically 
significant.
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Results
A total of 173 teeth from 60 participants were included 

in our study. In Group 1, there were 16 females and 14 males; 
in Group 2, there were 18 females and 12 males. The number 
of teeth in Groups 1 and 2 was 85 and 88, respectively. The 
mean age of patients in Group 1 and Group 2 was 11.37±3.02 
and 11.50±2.46 years, respectively (Table 1). Group 1 showed 
a significant decrease in ICDAS-II scores throughout time 
intervals T0-T1 (P=0.001), T0-T2 (P=0.001), and T1-T2 
(P=0.041). In Group 2, there was no visible difference between 
T0-T1 (P=1.00) but a significant decrease between T0-T2 
(P=0.001) and T1-T2 (P=0.001) (Table 2). After six months of 
follow-up, ICDAS-II scores decreased in two groups (Figure 1).

Comparisons between the two groups in relation to T0, 
T1, and T2 were analyzed using the independent samples 
t-test. Significant differences have been presented in two cases 
at T1 (P=0.001) and T2 (P=0.003) (Table 3). Figure 2 shows 
the changes in ICDAS-II scores with time. ICDAS-II scores 
decreased significantly in Group 1 after participants were 
treated with RI. Figure 3 shows a comparison between RI and 
BFV groups in three-time intervals.

Discussion
The present study was performed to determine the 

efficacy of the RI and BFV application on non-cavitated 
active WSLs in 8-15-year-old children. In this randomized 
controlled clinical trial, changes in lesions were evaluated 
before and after application, and at a 6-month application of 
RI and BFD on WSLs. The vestibular surface of teeth with 
WSLs was evaluated according to the ICDAS-II criteria.

 Group 1
n (%) 

Group 2
n (%)

Total
n (%)

Gender
Female 16 (53.3) 18 (60.0) 34 (56.7)
Male 14 (46.7) 12 (40.0) 26 (43.3)

Total participants 30 30 60 (100)
Total teeth 85 88 173 (100)
Age (mean ± SD), years 11.37 ± 3.02 11.50 ± 2.46  

Table 1. 
Distribution of study groups by gender.

Groups Time ICDAS II scores
(mean ± SD)

Comparison between
different time intervals

Mean 
difference Comparison P-value

RI
T0 1.67 ± 0.488 1.133 T0-T1 0.001
T1 0.53 ± 0.515 1.400 T0-T2 0.001
T2 0.27 ± 0.458 0.267 T1-T2 0.041

BFV
T0 1.76 ± 0.437 0 T0-T1 1.00
T1 1.76 ± 0.437 0.882 T0-T2 0.001
T2 0.88 ± 0.600 0.882 T1-T2 0.001

Table 2.
ICDAS-II scores throughout time intervals in two groups.

Fig. 1.  Photos of the subjects before and 6 months 
after the treatment.
   a) Group 1: WSLs + RI; b) Group 2: WSLs +BFV.

Group Time ICDAS II scores
(mean ± SD)

Comparison between
different time intervals

Mean 
difference Comparison P-value

RI
T0

1.67 ± 0.488
0.098 T0 (RI) – T0 (BFV) 0.556

BFV 1.76 ± 0.437
RI

T1
0.53 ± 0.515

1.231 T1 (RI) – T1 (BFV) 0.001
BFV 1.76 ± 0.437
RI

T2
0.27 ± 0.458

0.616 T2 (RI) – T2 (BFV) 0.003
BFV 0.88 ± 0.600

Table 3. 
Comparison between the two groups in different time intervals.

Fig. 2. The changes in ICDAS II scores with time.

Fig. 3. Comparison between RI and BFV groups in 
three-time intervals.
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White spot lesions  are described as surface and 
subsurface enamel demineralization without cavitation. 
First, there is mineral loss, which generates microporosity. If 
mineral loss continues, these WSLs will progress to cavitation 
lesions.(4-7) White spot lesions often appear in patients with 
orthodontic appliances, especially around dentures and in 
areas where brushing is difficult.(9,10)   

While some studies contend that WSLs cannot fully 
disappear, others assert that progress may take place over the 
course of 5 to 12 years. As part of preventative dentistry, it 
is increasingly essential to use minimally invasive procedures 
to preserve as many healthy tooth tissues as possible to treat 
WSLs on teeth and improve their appearance. 

Since these techniques are well accepted by patients, 
they are preferable over restorative therapy. After a one-
year follow-up without therapy, Enaia et al.(26) found that 
57.1% of WSLs improved, 26% stayed the same, and 16.7% 
worsened. Given that lesions might worsen and patients may 
refuse to participate, it is obvious that masking the opaque 
look during remineralization using spontaneous and low 
fluoride treatments would take a long time. One noninvasive 
treatment option for WSLs is fluoride. Higher fluoride 
concentrations result in deposits of a material that resembles 
calcium fluoride if the varnish is applied to the tooth surface 
for a prolonged period. The calcium fluoride material that 
is formed in the pores and cariogenic sites of enamel might 
eventually cause fluoride to penetrate the tooth plaque or the 
underlying enamel. Fluoride release can help early WSLs get 
remineralized and prevent demineralization.(27)

Several studies have demonstrated that topical 
fluoride therapy is beneficial for remineralizing WSLs, and 
using an FV is a simple and reliable procedure. FVs offer 
several advantages, including a regulated release of fluoride 
and shorter treatment durations, compared to traditional 
fluoride techniques like gels.(28,29) In our study, we focused 
on evaluating the effects of BFV on WSLs. Our results 
demonstrated a significant decrease in ICDAS-II scores after 
a 6-month follow-up, indicating that BFV effectively reduces 
WSLs, consistent with findings from previous studies. 
However, it’s worth noting that some studies, such as those 
by Güçlü et al.(30) and Girish Babu et al.,(31) did not find a 
significant difference in the remineralizing potential between 
varnishes containing both CPP-ACP and fluoride, compared 
to those containing fluoride alone. These contrasting results 
highlight the need for further investigation into the specific 
mechanisms and formulations of FVs to optimize their 
efficacy in managing WSLs. Furthermore, Autio-Gold and 
Courts (32) found that FV treatment effectively reversed and 
stopped active enamel lesions, thereby reducing the necessity 
for restorative interventions. Consistent with prior research, 
the present study observed a significant reduction in ICDAS-
II scores of WSLs in the BFV group from T0 to T2. 

In the present study, BFV was only administered at the 
initial therapy session to represent the typical clinical use of FV 
in children, and it was not repeated until the 6-month follow-
up. This application differs from previous studies, which 
used repeated FV treatments over a short period.(33) The goal 
of the RI concept is to stop the progression of enamel caries 

lesions and block the enamel’s ability to absorb dissolved 
minerals and acids.(34) Consistent with this concept, our results 
demonstrate that RI significantly reduced the ICDAS-II score 
immediately after application and at the 6-month follow-up, 
compared to baseline values of WSLs, which is supported 
by other studies.(35,36) The mean ICDAS-II score before, 
just after application, and at 6 months was 1.67, 0.53, and 
0.27, respectively, in the RI group, and 1.76, 1.76, and 0.88, 
respectively, in the BFV group. The findings demonstrated a 
significantly higher decrease in mean ICDAS-II score before 
and just after application, before and after 6 months in the RI 
group, as compared to the BFV group. On the other hand, a 
decline in the mean ICDAS-II score before and after 6 months 
was recorded in the BFV group.

Comparing the efficacy of RI and BFV treatments in 
WSLs, we found that the RI group exhibited a statistically 
significant decrease in lesion reduction immediately after 
treatment and at the 6-month follow-up, compared to the 
BFV group. This finding is consistent with a study conducted 
by Giray et al.,(37) indicating the superiority of RI over BFV 
in WSL managing. Our results support previous research 
demonstrating the effectiveness and minimally invasive nature 
of RI, highlighting its advantages over alternative treatment 
options for WSLs.

Additionally, our findings align with an in vitro 
study comparing the effects of RI and BFV on enamel 
surface properties. By permeating into the enamel, the 
resin effectively blocks acid-entrance channels by forming 
a diffusion barrier. BFV, on the other hand, might provide 
a comparatively thin coating layer. These results further 
emphasize the superior efficacy of RI in managing WSLs 
and suggest its potential as a preferred treatment modality 
for enamel demineralization. 

Conclusion
The application of resin infiltration in white spot lesions 

was found to be more effective than the application of bifluoride 
varnish. While the effects of bifluoride varnish in white spot 
lesions persisted over time, the effect of resin infiltration was 
evident as soon as white spot lesions were treated. Moving 
forward, we recommend considering resin infiltration as a 
favorable option for white spot lesion treatment. Future studies 
with long-term follow-ups are necessary to corroborate these 
results.
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Abstract
Background: This study aimed to assess the frequency of cervical anastomosis dislocation toward the mediastinum after 

McKeown esophagectomy and the significance of this phenomenon for postoperative complications. 
Methods and Results: The study included 82 patients with stage I-III esophageal cancer who underwent surgical intervention 

using McKeown esophagectomy in a completely open version (thoracotomy, laparotomy, cervicotomy) or hybrid esophagectomy 
(thoracoscopy on the right, laparotomy, cervicotomy).

After McKeown esophagectomy, dislocation of the cervical anastomosis (DCA) toward the posterior mediastinum was 
noted in 26.8% of cases. The overall incidence of anastomotic leakage was 18.3%. The groups of patients with and without DCA 
did not differ statistically in the incidence of anastomotic leakage (P=0.205). Mediastinal complications (mediastinitis, pleural 
empyema) were observed in 100% (6/6) of cases in the group with DCA and 33.3% (3/9) of cases in the group without DCA 
(P=0.013). Pulmonary complications (pneumonia, atelectasis) occurred in 5(22.7%) and 8(13.3%) of cases in groups with DCA 
and without DCA, respectively (P=0.304).

Conclusion: After McKeown esophagectomy, DCA toward the posterior mediastinum was noted in 26.8% of cases. 
Dislocation of the cervical anastomosis toward the posterior mediastinum does not significantly impact the anastomotic leakage. 
Mediastinal complications are more common in patients with DCA, but the incidence of pulmonary complications is not associated 
with this phenomenon.(International Journal of Biomedicine. 2024;14(2):335-337.)
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Introduction
Esophageal cancer is ranked as the seventh most common 

cancer worldwide.(1) In the Russian Federation, 6088 cases of 
esophageal cancer were registered in 2020, of which stage 
III-IV accounted for 65%.(2) The most studied and effective 

method for the treatment of stage I-III EC is multimodal 
therapy, which includes preoperative chemoradiotherapy 
followed by surgery.(3)

Esophagectomy is the most common radical treatment for 
esophageal cancer. Two types of surgical intervention are most 
often used in clinical practice. McKeown esophagectomy(4) 

is a well-described procedure with right thoracotomy, upper 
abdominal laparotomy, and cervical anastomosis by left 
cervicotomy. Ivor Lewis esophagectomy(5) is the classic 
transthoracic esophagectomy, which consists of laparotomy 
and right thoracotomy with intrathoracic anastomosis. 

With cervical anastomosis formation, there is a risk of 
dislocation of the cervical anastomosis (DCA) toward the 
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mediastinum, which occurs in 10-20%. This phenomenon is 
an important cause of leakage into the mediastinum with the 
subsequent development of mediastinitis and an unfavorable 
operation outcome.(6)

This study aimed to assess the frequency of DCA toward 
the mediastinum after McKeown esophagectomy and the 
significance of this phenomenon for postoperative complications. 

Materials and Methods
The study included 82 patients with stage I-III 

esophageal cancer who underwent surgical treatment at the 
Regional Clinical Oncology Center, Ulyanovsk, from January 
1, 2016, to November 1, 2023. The patients underwent surgical 
intervention using McKeown esophagectomy in a completely 
open version (thoracotomy, laparotomy, cervicotomy) or 
hybrid esophagectomy (thoracoscopy on the right, laparotomy, 
cervicotomy).

Retrospective analysis was carried out according to the 
developed protocol. We used the TNM 8 classification system 
approved by the Union for International Cancer Control 
(UICC) for staging.

Technical features of the formation of anastomosis
In all cases, the anastomosis was performed manually. 

When forming an anastomosis on the neck, the end of the 
esophagus was anastomosed with the anterior wall of the 
gastric graft with a double-row suture, with the formation 
of the second row of sutures using a sled U-shaped suture 
according to E.L. Berezov on a 24 Fr gastric tube.

There were two criteria for the anastomosis migration 
toward the posterior mediastinum:

- The displacement of more than 2/3 of the width of 
the gastric graft to the right from the line at the edge of the 
sternum and the thoracic vertebral body.

- The location of the anastomosis below the first thoracic 
vertebra   5-6 days after surgery in X-ray with contrast. 

All patients at the prehospital stage were examined 
according to a standard recommended by the Association 
of Oncologists of Russia to exclude the presence of distant 
metastases and assess the extent of the process.

Statistical analysis was carried out using the StatTech 
software v. 2.8.8 (StatTech LLC, Russia). Baseline characteristics 
were summarized as frequencies and percentages for categorical 
variables and mean±SD for continuous variables. For data with 
normal distribution, inter-group comparisons were performed 
using Student’s t-test. Group comparisons with respect to 
categorical variables are performed using the chi-square test. 
A probability value of P<0.05 was considered statistically 
significant.

Results
Table 1 presents the main characteristics of the study 

patients. All patients were divided into 2 groups. Group 1 
included 22(26.8%) patients with DCA toward the posterior 
mediastinum after McKeown esophagectomy, and Group 
2 included 60(73.2%) patients without DCA. In our study, 
the overall incidence of anastomotic leakage was 18.3%). 

In Group 1, the incidence of anastomotic leakage was 1.82 
times higher than in Group 2 without statistical significance. 
Mediastinal complications (mediastinitis, pleural empyema) 
were observed in 100% of cases in Group 1 and 33.3% of cases 
in Group 2 (P=0.013). Pulmonary complications (pneumonia, 
atelectasis) occurred in 5(22.7%) and 8(13.3%) of cases in 
Group 1 and Group 2, respectively (P=0.304) (Table 2).

Discussion 
Despite advances in multimodal treatment of esophageal 

cancer in recent years, radical surgery remains the standard of 
care. Currently, minimally invasive esophagectomies are being 
actively introduced into clinical practice with satisfactory 
short-term and long-term results. The classic version of 
esophagectomy involves two operations: the Lewis operation, 
which forms an intrathoracic anastomosis, and the McKeown 
operation, which forms an anastomosis on the neck.

In a study by Low et al.,(7) in 2704 esophagectomies, the 
overall complication rate was 59%, with the most common 
complications being pneumonia (14.6%) and arrhythmia 
(14.5%). Anastomotic leakage was 11.4%, and 30-day 
mortality was 2.4%.

Variable Group 1
n=22 

Group 2
n=60 P-value

Gender
Male 16 (72.7%) 46 (76.7%)

0.713
Female 6 (27.3 %) 14 (23.3%)

Age (years) 57.6 ± 4.8 60.1 ± 5.4 0.060
Charlson index (points) 4.32 ± 0.87 3.17 ± 0.66 0.000

ICD-10
С15.4 10 (45.5%) 29 (48.3%)

0.818
С15.5 12 (54.5%) 31 (51.7%)

Stage

IIA 8 (36.5%) 22 (31.8%)

0.404
IIB 9 (40.9%) 19 (36.6%)
IIIA 3 (13.5%) 17 (28.3%)
IIIB 2 (9.1%) 2 (3.3%)

Histological type Adenocarcinoma 4 (18.2%) 9 (15%)
1*

Squamous 18 (81.8%) 51 (85%)

Type of operation
Hybrid McKeown 4 (18.2%) 8 (13.3%)

0.843*

Open McKeown 18 (81.8%) 52 (86.7%)

*- Yates’ P-value 

Table 1.
Characteristics of study patients.

Variable Group 1
n=22

Group 2
n=60 P-value

Anastomotic leak

       Mediastinal 
       complications

6 (27.3%)

6 (100)

9 (15%)

3 (33.3%)

   0.205

    0.013
Pulmonary complications 5 (22.7%) 8(13.3%)     0.304

Table 2. 
Anastomotic complications in study groups.
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A study by Nakajima M et al.(8) found dislocation of 
the gastric conduit in 38.3% of 149 patients who underwent 
transthoracic esophagectomy. Multivariate analysis revealed 
that  dislocation of the gastric conduit was an independent 
risk factor for anastomotic leakage (OR=4.840, 95% CI: 
1.770‐13.30, P<0.001). Sakai et al.(9) examined 53 patients 
with thoracic esophageal cancer who underwent radical 
esophagectomy with gastric tube reconstruction and neck 
anastomosis. The displacement of anastomosis into the 
thoracic cavity was detected in approximately half of the 
patients with neck anastomosis.

In our study, out of 6 anastomotic leakages in the group 
with DCA, all 6 had mediastinal complications. In patients 
without DCA, the anastomotic leakage proceeded more 
smoothly, of which only 33.3% (3/9) experienced mediastinal 
complications.

In a study by Fumagalli et al.,(10)  the proportion 
of leakage was 10.5% and 9% after open and hybrid 
esophagectomy, respectively, and doubled (20%) after totally 
minimally invasive esophagectomy (P=0.016). Chen et al.(11) 
recommended a high cervical anastomosis using a narrow 
gastric tube to reduce leakage-related complications for 
patients undergoing a McKeown esophagectomy effectively.

The studied mechanisms ensuring dislocation of the 
anastomosis to the mediastinum are increased tone of the 
esophagus and stomach after the cessation of anesthesia, the 
suction effect of the diaphragm, which stimulates the migration 
of the graft into the abdominal cavity and, therefore, provides 
traction of the anastomosis into the mediastinum, and gravity 
when filling the graft with food.(12) The fixation of cervical 
anastomosis on the neck may protect the anastomosis from 
distracting forces during the most vulnerable healing phase. 
Thus, esophagogastric anastomosis is subjected to several 
forces that create tension from the moment of recovery from 
anesthesia and act in the early postoperative period. 

Conclusion
After McKeown esophagectomy, DCA toward the 

posterior mediastinum was noted in 26.8% of cases. Dislocation 
of the cervical anastomosis toward the posterior mediastinum 
does not significantly impact the anastomotic leakage. 
Mediastinal complications are more common in patients with 
DCA, but the incidence of pulmonary complications is not 
associated with this phenomenon.

Competing Interests
The authors declare that they have no competing interests. 

References
1. Sung H, Ferlay J, Siegel RL, Laversanne M, 
Soerjomataram I, Jemal A, Bray F. Global Cancer Statistics 
2020: GLOBOCAN Estimates of Incidence and Mortality 

Worldwide for 36 Cancers in 185 Countries. CA Cancer J 
Clin. 2021 May;71(3):209-249. doi: 10.3322/caac.21660. 
Epub 2021 Feb 4. PMID: 33538338.
2. Kaprin AD, Starinsky VV, Shakhzadova AO. The state of 
cancer care for the population of Russia in 2020. М.: MNIIOI 
named after P. A. Herzen. 2021; 252.  (In Russian.)
3. Rogers JE, Sewastjanow-Silva M, Waters RE, 
Ajani JA. Esophageal cancer: emerging therapeutics. 
Expert Opin Ther Targets. 2022 Feb;26(2):107-117. doi: 
10.1080/14728222.2022.2036718. Epub 2022 Feb 12. PMID: 
35119973.
4. McKeown KC. Total three-stage oesophagectomy for 
cancer of the oesophagus. Br J Surg. 1976 Apr;63(4):259-62. 
doi: 10.1002/bjs.1800630403. PMID: 1276657.
5. LEWIS I. The surgical treatment of carcinoma of the 
oesophagus; with special reference to a new operation for 
growths of the middle third. Br J Surg. 1946 Jul;34:18-31. doi: 
10.1002/bjs.18003413304. PMID: 20994128.
6. Verstegen MHP, Bouwense SAW, van Workum F, Ten 
Broek R, Siersema PD, Rovers M, Rosman C. Management 
of intrathoracic and cervical anastomotic leakage after 
esophagectomy for esophageal cancer: a systematic review. 
World J Emerg Surg. 2019 Apr 4;14:17. doi: 10.1186/s13017-
019-0235-4. PMID: 30988695; PMCID: PMC6449949.
7. Low DE, Kuppusamy MK, Alderson D, Cecconello I, 
Chang AC, Darling G, et al. Benchmarking Complications 
Associated with Esophagectomy. Ann Surg. 2019 
Feb;269(2):291-298. doi: 10.1097/SLA.0000000000002611. 
PMID: 29206677.
8. Nakajima M, Muroi H, Kikuchi M, Fujita J, Ihara K, 
Nakagawa M, Morita S, Nakamura T, Yamaguchi S, Kojima 
K. Dislocation of the gastric conduit reconstructed via the 
posterior mediastinal route is a significant risk factor for 
anastomotic disorder after McKeown esophagectomy. Ann 
Gastroenterol Surg. 2021 Aug 12;6(1):75-82. doi: 10.1002/
ags3.12496. PMID: 35106417; PMCID: PMC8786694.
9. Sakai M, Sohda M, Miyazaki T, Yoshida T, Kumakura 
Y, Honjo H, Hara K, Yokobori T, Kuwano H. Impact of the 
Level of Anastomosis on Reflux Esophagitis Following 
Esophagectomy with Gastric Tube Reconstruction. World J 
Surg. 2017 Mar;41(3):804-809. doi: 10.1007/s00268-016-
3786-5. PMID: 27798723.
10. Fumagalli U, Baiocchi GL, Celotti A, Parise P, Cossu 
A, Bonavina L, et al. Incidence and treatment of mediastinal 
leakage after esophagectomy: Insights from the multicenter 
study on mediastinal leaks. World J Gastroenterol. 2019 
Jan 21;25(3):356-366. doi: 10.3748/wjg.v25.i3.356. PMID: 
30686903; PMCID: PMC6343094.
11. Chen C, Ding C, He Y, Guo X. High cervical 
anastomosis reduces leakage-related complications after a 
McKeown esophagectomy. Eur J Cardiothorac Surg. 2024 
Mar 1;65(3):ezae050. doi: 10.1093/ejcts/ezae050. PMID: 
38341665.
12. Walsh TN. The Esophagogastric Anastomosis: The 
Importance of Anchoring Sutures in Reducing Anastomotic 
Leak Rates. Ann Surg Open. 2023 Feb 1;4(1):e231. doi: 
10.1097/AS9.0000000000000231. PMID: 37600864; 
PMCID: PMC10431275.



INTERNATIONAL 
JOURNAL                

OF BIOMEDICINECASE REPORTCASE REPORT

http://dx.doi.org/10.21103/Article14(2)_CR1
 International Journal of Biomedicine 14(2) (2024) 338-340

Noninfective Endocarditis in a Young Patient with 
Systemic Lupus Erythematosus

Daniela Teferiçi¹, Arjan Shtylla², Alma Idrizi³, Aldo Shpuza4, 
Enver Roshi4*, Alban Dibra¹

¹Department of Cardiology, Cardiac Surgery, 
University Hospital Center “Mother Theresa,” Tirana, Albania

²Department of Obstetrics and Gynecology, 
University Hospital Center “K. Gliozheni,” Tirana, Albania

³Department of Internal Medicine, Nephrology Service, 
University Hospital Center “Mother Theresa,” Tirana, Albania

4Department of Public Health, University of Medicine, Tirana, Albania

Abstract
Noninfective endocarditis, particularly in association with systemic autoimmune diseases like systemic lupus erythematosus 

(SLE), presents a diagnostic challenge due to its nonspecific symptoms and the potential for severe cardiac complications. 
We describe a case of a 16-year-old female diagnosed with SLE who presented with fever, malaise, and a new heart murmur. 
Subsequent investigations revealed vegetations on the mitral valve consistent with noninfective endocarditis without any evidence 
of infectious etiology. This case underscores the importance of considering noninfective endocarditis in the differential diagnosis 
for patients with systemic autoimmune disorders presenting with fever and cardiac symptoms. Early recognition and management 
are crucial to prevent serious outcomes.(International Journal of Biomedicine. 2024;14(2):338-340.)
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Introduction
Libman-Sacks endocarditis (LSE), also known as 

verrucous, marantic, or nonbacterial thrombotic endocarditis, 
was first described by Emanuel Libman and Benjamin Sacks 
in 1924.(1) Heart valve abnormalities can be found in 1 of 
every 3 patients with systemic lupus erythematosus (SLE), 
while valvular vegetations, such as LSE, are present in 1 of 
every 10 SLE patients.(2) Libman-Sacks endocarditis is rare 
in children and adolescents, more so as a first manifestation 
of SLE. They are clinically silent in most cases. The presence 
of antiphospholipid antibodies in SLE is associated with a 
three times higher prevalence of mitral valve nodules and 

significant mitral regurgitation.(3) The diagnosis of LSE 
becomes challenging, especially in differentiating it from 
infective endocarditis, as both diseases may present similarly.

Case Presentation 
A 16-year-old female was admitted with fatigue, fever, 

and shortness of breath.  During the physical examination, she 
presented tachypnea, tachycardia (150 bpm), temperature of 
38.8°C, blood pressure of 150/90 mmHg, increased central 
venous pressure, and a grade V/VI pan systolic mitral murmur. 
An electrocardiogram demonstrated sinus tachycardia without 
other associated anomalies. Three pairs of blood culture samples 
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were collected from different sites, and all had negative results. A 
cardiac ultrasound revealed a large pericardial effusion, and the 
decision to pericardiocentesis was made. The patient tolerated 
the procedure well, and 220 cc of serous fluid was aspirated and 
sent for laboratory studies. Blood test: WBC - 10.9×103/μL, 
RBC - 4.93×106/μL, Hb - 7.3 g/dL, platelets - 140×103/μL, 
lymphocytes -12%, urea – 123 mg/dL, creatinine - 3.1 mg/
dL, CRP  - 33.8 mg/L, AST - 25 U/L, ALT - 10 U/L, GGT - 72 
U/L, LDH - 410 U/L, total protein - 7.3 g/dL. A urine analysis 
revealed proteinuria and hematuria. Workup showed positive 
antinuclear antibody, anti-dsDNA, anti-ENA screen, and slightly 
depressed serum complement levels. Chest X-ray revealed 
bilateral pleural effusion.  During the hospital stay, the patient 
developed an episode of seizure. According to the diagnostic 
criteria, the diagnosis of SLE was made, and the patient started 
treatment with methylprednisolone and cyclophosphamide. The 
patient was sent for transthoracic echocardiography (2 days after 
pericardiocentesis), which revealed a diffuse infiltration of anterior 
mitral leaflet and a nodular thickening on it, sized 20×10 mm 

(Figures 1 and 2), with severe mitral regurgitation (Figure 3). Also, 
a nodular thickening was seen on the pulmonary valve, and there 
was mild regurgitation (Figure 4).  A concentric left ventricular 
hypertrophy (LVH) was noticed with a mild dilatation of the left 
atrium; both ventricles’ size and systolic function were preserved 
(Figure 5). A small amount of pericardial effusion was detected. 
Considering possible infective endocarditis and elevated CRP and 
WBC levels, the patient was placed on a regimen of ampicillin and 
gentamycin for 2 weeks. As the urea and creatinine levels rose and 
the patient became oliguric, she was transferred to the nephrology 
ward, where hemodialysis was started. Under the treatment 
with hemodialysis, methylprednisolone, cyclophosphamide, 
lercanidipine, carvedilol, ampicillin, gentamycin and 
levetiracetam, her symptoms improved. The patient remained 
afebrile, and her creatinine level, after reaching 7 mg/dl, went 
down to 3 mg/dl. Another transthoracic echocardiography was 
performed after 2 weeks, with the same results as the previous 
one, but without pericardial effusion. Echocardiographic studies 
have yet to be repeated as of writing this article. 

Fig. 1 and 2. Diffuse infiltration of the anterior leaflet of the mitral valve with nodular thickening in the 
parasternal and apical 4-chamber view.

Fig. 3. Severe mitral regurgitation.

Fig. 4. Nodular thickened on the pulmonary valve. Fig. 5. Concentric hypertrophy of LV with normal diameters and 
systolic function.
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Discussion
This case of a young patient with SLE presented 

with progressive dyspnea (which may have been caused by 
pericardial effusion) and fever was also characterized by 
the presence of aseptic vegetation on the mitral valve with 
severe mitral regurgitation. The lesions primarily consist of 
accumulations of immune complexes and mononuclear cells. 
These subendothelial deposits may eventually lead to deformed 
valves. The most involved valve is the mitral valve, followed 
by the aortic valve.(3) Characteristic valvular pathology can 
also distinguish infective endocarditis vegetations from 
Libman-Sacks endocarditis, but this may not always hold as 
vegetative lesions may evolve throughout the disease. Infective 
endocarditis is characterized by large, irregular masses on the 
valve cusps, which can extend onto the cords. Libman-Sacks 
endocarditis has small or medium-sized vegetation on either 
or both sides of the valve leaflets. The vegetation seen on the 
patient’s echocardiogram was on the anterior mitral valve 
leaflet. Still, the exact size and extent of involvement in this 
leaflet could not be distinguished because of the infiltration of 
the entire leaflet.

Laboratory parameters such as WBC count, CRP, and 
blood cultures can also be useful in distinguishing infective 
endocarditis from Libman-Sacks endocarditis.(4)  Leukocytes 
tend to decrease during lupus activity, and the opposite occurs 
in infectious endocarditis. Very high CRP levels suggest an 
infectious cause; blood cultures are more important for a 
definitive differential diagnosis.(5) 

In our case, a diagnosis of Libman-Sacks endocarditis 
was more probable, as the leukocyte count was slightly 
elevated, the CRP was not highly elevated, and blood 
culture samples had negative results. SLE patients have an 
increased prevalence of left ventricular hypertrophy that is not 
exclusively a result of concomitant coronary artery or valvular 
heart disease, renal involvement, or other traditional stimuli, 
including hypertension. Our patient has an acute onset of 
renal failure and hypertension that doesn’t explain the existing 
left ventricular hypertrophy. Results of studies suggest that 
inflammation-mediated arterial stiffening, a strong determinant 
of left ventricular hypertrophy, is likely the underlying 
mechanism for Libman-Sacks endocarditis in systemic lupus 
erythematosus.(6,7) Libman-Sacks endocarditis is known to 
lead to an increased risk of stroke, coronary artery disease, 
and sudden cardiac death in varied populations and, therefore, 
is likely to be a prognostic indicator of cardiac morbidity and 
mortality in SLE patients.(8,9) Our findings suggest that more 
aggressive and targeted therapy may be needed to control the 
inflammation-mediated effects on vascular stiffening that lead 
to left ventricular hypertrophy. 

In conclusion, SLE patients will be more likely to 
develop cardiac manifestations, such as valvular regurgitation 
and possible Libman-Sacks endocarditis.
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Abstract
Cerebral venous thrombosis is a rare but critical condition, presenting significant diagnostic challenges due to its varied 

clinical manifestations. This report underscores the complexity of the superior sagittal sinus thrombosis diagnosis and management, 
highlighting the need for heightened clinical awareness and prompt intervention. 

We present a case of a 47-year-old male with a history of cerebral aneurysm, who arrived at the emergency department 
exhibiting acute neurological symptoms, including loss of consciousness, seizures, and muscular contractions, without any recent 
history of trauma or medication use. Neurological examination showed a Glasgow Coma Scale (GCS) of 15, with specific findings 
suggesting a significant neurological impact. Neuroimaging revealed subarachnoid hemorrhage in the left interhemispheric 
fissure and thrombosis of the superior sagittal sinus. Despite the complex presentation and rapid progression of symptoms, a 
multidisciplinary approach involving continuous monitoring, decompressive craniectomy, and subsequent rehabilitative measures 
led to a significant improvement in the patient’s condition. 

This case illustrates the critical nature of superior sagittal sinus thrombosis, and the challenges associated with its diagnosis 
and management. It emphasizes the importance of considering cerebral venous thrombosis in the differential diagnosis of acute 
neurological events and the effectiveness of a comprehensive, multidisciplinary approach in managing such complex cases. 
The positive outcome in this case contributes to the growing body of evidence supporting aggressive intervention strategies in 
managing cerebral venous thrombosis. (International Journal of Biomedicine. 2024;14(2):341-344.)
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Introduction
Cerebral venous thrombosis (CVT) is a rare disorder 

with an estimated annual incidence of three to four cases per 
million, occurring slightly less frequently in peripartum and 
postpartum pregnant women (about 12 cases per 100,000 
deliveries) compared to peripartum and postpartum arterial 

stroke, and it is three times more common in women than 
in men.(1) Initial presenting symptoms that resemble stroke 
in young patients, including focal neurological deficits like 
hemiparesis, signs of intracranial hypertension, seizures, and 
encephalopathy, should prompt consideration of thrombosis 
of the superior sagittal sinus (SSS), a major component of 
the superficial cerebral venous system, due to its variable 
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presentation.(2) Surgical thrombectomy is typically considered 
for severe neurological decline not improved by medical 
treatments, while decompressive surgery, despite being 
primarily supported by level C evidence, is deemed life-
saving for large venous infarcts and hemorrhages with a 
risk of herniation, showing favorable outcomes in over 50% 
of patients and a mortality rate around 20%.(3) Given the 
intricate nature of CVT diagnosis and the broad spectrum of 
initial symptoms that may mimic those of a stroke, this case 
underscores the paramount importance of incorporating CVT, 
particularly superior sagittal sinus thrombosis (SSST), into the 
differential diagnosis of acute neurological events. It supports 
the utility of aggressive, multidisciplinary management 
strategies to optimize patient outcomes.

Case Presentation
A 47-year-old male patient presented to the Emergency 

Department of Internal Diseases at University Medical Center 
“Mother Teresa,” with a history of a recent episode involving 
loss of consciousness, muscle spasms, and fixed gaze. The 
patient had been diagnosed with a cerebral aneurysm two 
years prior and had been monitored dynamically with MRI 
scans of the cranium. He reported no history of trauma and 
was not on any medications at the time.

Neurological examination revealed a Glasgow Coma 
Scale (GCS) score of 15 and a Hunt and Hess grade of 2. The 
patient was alert, conscious, and oriented in time, space, and 
person. Pupils were isochoric and photoreactive, with intact 
oculomotor function and no facial asymmetry. There were no 
evident deficits in other cranial nerves. The neck was rigid and 
painful on flexion. There were no sensory-motor deficits in the 
upper limbs, but a 3/5 deficit was noted in the lower right side.

Cranial CT and supra-aortic Angio CT scans 
showed subarachnoid hemorrhage (SAH), predominantly 
interhemispheric on the left side, with no evidence of an 
aneurysm in this examination. There was an absence of 
the A1 segment on the right side and lack of contrast in 
the anterior two-thirds of the SSS, suggesting thrombosis 
(Figure 1). Cranial MRI confirmed SAH mainly on the left 
interhemispheric side and the absence of contrast in two-thirds 
of the SSS, indicating sinus thrombosis.

Initially, the patient was hospitalized in the Stroke Unit 
for continuous monitoring. After 10 hours, discreet right-sided 
prefrontal cortex symptoms and motor deficits on the right 

side were noted. Twelve hours later, the patient’s condition 
worsened, showing closed eyes, unresponsive to verbal stimuli, 
right-sided hemiplegia, and spontaneous movement on the left 
side. After 16 hours, anisocoria began. Repeated cranial CT and 
MRI scans revealed an enlargement of the intraparenchymal 
hemorrhage with ventricular effusion (Figure 2). The patient 
was then transferred to the Neurosurgery ICU. On August 12, 
2023, a decompressive right hemicraniectomy and evacuation 
of the hematoma were performed (Figure 3). A tracheostomy 
was performed on August 16. The skull was reconstructed 
without cortical damage on August 31 (Figure 4). 

During hospitalization, the patient was dynamically 
monitored with laboratory analyses and imaging examinations 
and received multidisciplinary consultations from neurology, 
infectious diseases, and hematology departments. The patient 
was discharged in an improved condition on September 19, 
2023.

Fig. 1. The superior sagittal sinus is not visualized 
in its anterior two-thirds, indicating extensive 
thrombosis.

Fig. 2. CT scan revealed an enlargement 
of the intraparenchymal hemorrhage with 
ventricular effusion.

Fig. 3.  A decompressive right hemicraniectomy 
and evacuation of the hematoma were 
performed.

Fig. 4. Skull reconstruction without cortical 
damage.
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Discussion
In the intricate landscape of neurology, the diagnosis 

and management of SSST intertwined with SAH represent a 
formidable challenge, exemplified by the case of a 47-year-
old male with a notable history of a cerebral aneurysm. 
This case encapsulates the critical nature of cerebral venous 
thrombosis and its potential to manifest in a spectrum of 
clinical presentations, underscoring the diagnostic hurdles 
and the imperative for prompt, multifaceted intervention 
strategies. The patient’s acute neurological symptoms, devoid 
of any recent trauma or medication history, accentuate the 
unpredictable clinical course of cerebral venous thrombosis, 
aligning with the diagnostic complexities highlighted by 
other studies, which have advocated for cerebral venous 
thrombosis to be considered in the differential diagnosis of 
acute neurological events to mitigate the risk of rapid clinical 
deterioration.(4)

The use of sophisticated neuroimaging techniques, such 
as CT and MRI, has played an important role in establishing 
the SSST diagnosis and associated SAH. This echoes the 
sentiments of Ferro et al.(5) regarding the indispensable role of 
imaging in accurately identifying and characterizing cerebral 
venous thrombosis and its sequelae. 

This case’s pivotal decision to undertake decompressive 
craniectomy highlights the potential life-saving outcomes of 
aggressive surgical intervention in the face of large venous 
infarcts and hemorrhagic complications, reinforcing the 
critical need for timely and decisive action in the management 
of such complex clinical scenarios, also described in the 
literature.(6) The comprehensive, multidisciplinary approach to 
patient care, encompassing continuous monitoring and expert 
consultations from various specialties, mirrors the integrated 
care model proposed by Stam for optimizing patient outcomes 
in cerebral venous thrombosis, emphasizing the value of 
collaborative, cross-disciplinary strategies in navigating the 
complexities of this condition.(7)

This case not only showcases the multifaceted 
challenges in diagnosing and treating superior sagittal sinus 
thrombosis with subarachnoid hemorrhage but also illuminates 
the importance of maintaining a high index of suspicion, 
leveraging advanced neuroimaging techniques, and adopting 
a coordinated, aggressive management plan, as echoed in the 
broader literature.

Further, the literature underscores the variability in 
cerebral venous thrombosis clinical manifestations, which 
can range from headache to severe neurological deficits, 
emphasizing the heterogeneity of cerebral venous thrombosis 
presentations and the consequent challenges in achieving a 
timely diagnosis.(8) 

This case’s reliance on neuroimaging for  CVT 
diagnosis and the subsequent surgical intervention aligns 
with the recommendations of other studies, which highlight 
the role of imaging in confirming cerebral venous thrombosis 
and guiding treatment decisions, particularly in cases where 
traditional treatment modalities are insufficient.

Many studies support the significance of a tailored 
therapeutic approach, considering both anticoagulation 

therapy and surgical options. Most patients with cerebral 
venous thrombosis have a good prognosis after anticoagulant 
therapy, and a minority of patients with malignant cerebral 
venous thrombosis may also benefit from endovascular 
treatment or decompressive surgery.(10)  Anticoagulation is the 
current standard of care for cerebral venous thrombosis, but 
more aggressive therapies, such as mechanical thrombectomy 
with or without intrasinus thrombolysis, may be required in 
selected cases.(11) This nuanced approach to management, 
reflecting the complexities inherent in cerebral venous 
thrombosis cases, further highlights the need for a wide range 
of therapeutic strategies to address the varied presentations 
and complications associated with this condition.(12)

This case report not only exemplifies the diagnostic and 
management challenges associated with superior sagittal sinus 
thrombosis and subarachnoid hemorrhage but also contributes 
to the evolving discourse on the necessity for heightened 
clinical vigilance, the pivotal role of neuroimaging, and the 
efficacy of a comprehensive, aggressive treatment approach in 
improving patient outcomes. It reaffirms the consensus within 
the neurology community, as documented in the literature, 
on the imperative for an adaptive, multidisciplinary strategy 
in managing cerebral venous thrombosis, underscoring the 
continuous evolution of best practices in the face of such 
complex neurological conditions. 

Conclusion
Our case report on a 47-year-old male with superior 

sagittal sinus thrombosis underscores the critical importance 
of recognizing and managing this rare but severe condition. 
Highlighting the necessity for high clinical suspicion, 
rapid multidisciplinary intervention, and the pivotal role of 
neuroimaging in diagnosis, the successful outcome of this 
case reinforces the potential for significant patient recovery. It 
emphasizes the value of a comprehensive approach, combining 
surgical, medical, and rehabilitative strategies to address the 
complex challenges posed by cerebral venous thrombosis, 
thereby improving patient prognosis and contributing valuable 
insights to the management of this intricate condition.
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Abstract
Extramedullary hematopoiesis (EMH) is a rare disorder, defined as the appearance of hematopoietic elements outside the 

bone marrow or peripheral blood due to ineffective erythropoiesis or inadequate bone marrow activity in a variety of hematological 
diseases. EMH often manifests as hemopoietic masses in a variety of normal and abnormal bodily sites. We present a 21-year-old 
man with a medical history of beta thalassemia since he was nine months old. The primary clinical symptom was mild abdominal 
pain. In this case, we describe a rare instance of small bowel obstruction due to EMH and portal hypertension. Surgery solved the 
clinical problems, and the patient was discharged home. (International Journal of Biomedicine. 2024;14(2):345-347.)
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Introduction
Beta thalassemia is caused by an inherited mutation of 

the beta-globin gene and by the reduced or absent synthesis 
of the beta-globin chains of the hemoglobin tetramer. Three 
clinical and hematological conditions of increasing severity 
are recognized: the beta thalassemia carrier state, thalassemia 
intermedia, and thalassemia major.(1) Another classification of 
thalassemia defines it as two categories: transfusion-dependent 
thalassemia (TDT) and non-transfusion-dependent thalassemia 
(NTDT). TDT is defined as a condition where patients cannot 
produce adequate hemoglobin to survive without blood 
transfusion. NTDT is a descriptive term for patients who 
do not require regular lifelong transfusions. The majority of 
the complications of TDT are related to iron overload and 
bone-deforming marrow expansion with EMH.(2-8) EMH is 
a compensatory response to poor bone marrow function, 
which can result in the production of ectopic hematopoietic 
components outside of the bone marrow and peripheral 
circulation.(9)

Case Presentation 
A 21-year-old man with a medical history of beta 

thalassemia since he was nine months old arrived at the 

Medical Services Center complaining of mild abdominal pain. 
His physical assessment was normal, and plain abdominal 
radiography showed incomplete small intestinal obstruction 
(Figure 1). After that, he was brought to the Department of 
Hematology for a computed tomography (CT) scan, which 
showed hepatomegaly and small paraspinal lobulated masses 
(Figure 2). The patient’s abdominal pains subsided, and he 
was released after a five-day fast. The patient came back to 
the hospital complaining mainly of vomiting, distension, pain 
in the abdomen, and flatus for a week. His vital signs were 
normal upon physical examination, but there were small, 
palpable abdominal lumps, hyperactive bowel noises, and 
pallor. Hepatomegaly was also seen. After a repeat abdominal 
CT scan, the results showed hepatomegaly, massive ascites, 
and a thicker ileum wall with clear arterial phase enhancement 
that was obstructing flow. It was challenging to differentiate 
the nature of the intestinal lesion. The patient was given 
a nasogastric tube, blood transfusions, intravenous proton 
pump inhibitors, and antibiotics throughout the first ten days 
of hospitalization. After that, the patient was referred to the 
Department of Gastrointestinal Surgery, where a laparotomy 
and a partial enterectomy were carried out. Significant 
proliferation of vascular endothelial cells and blood vessel 
hyperplasia in the deep layers of the intestine were confirmed 
by a microscopic examination. Histopathological analysis 
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showed many myeloid and erythroid cells proliferating 
together with multiple megakaryocytes (Figure 3). Several 
inflammatory cells had invaded the intestinal wall, and there 
were also a lot of megakaryocytes around the serosal region, 
coupled with a buildup of immature myeloid and erythroid 
cells. Surgery solved the clinical problems, and the patient 
was discharged home.

Discussion
The clinical signs of EMH might vary widely because 

it can happen anywhere. There have been reports of EMH 
imitating acute appendicitis, intestinal obstruction, rectal 
stenosis, gastric outlet obstruction, and bladder outlet 
obstruction.(10) The reticuloendothelial system is the organ 
most frequently affected by EMH, but it can also affect the 
pleura, lungs, gastrointestinal tract, breast, skin, brain, kidneys, 
paraspinal tissue, and adrenal glands.(11) During the fetal stage, 
these areas are assumed to be involved in active hemopoiesis. 
Though this pathway ordinarily ends at birth, in cases of 
chronically inadequate erythropoiesis, the extramedullary 
hematopoietic vascular connective tissues continue to be able 
to synthesize red blood cells.(12)

The majority of EMHs are unintentionally found. The 
mass effect-related symptoms are specific to the afflicted 
spot.(13) There have been reports of EMH-related intestinal 
blockage, rectal stenosis, gastric outlet obstruction, and 
bladder outlet obstruction. The hematopoietic mass in 
our patient was adhered to nearby structures, which was a 
significant contributing factor to the symptoms. Due to an 
extramedullary hematopoietic mass adhering to the adjacent 
intestinal wall and intestinal stenosis, the patient experienced 
a closed-loop intestinal obstruction. Prior to surgery, the 
lesion was discovered via CT scanning. CT scanning can be a 
valuable technique for identifying gastrointestinal lesions, in 
addition to gastrointestinal endoscopic examinations. Masses 
with dense, soft sections that are typically homogeneous and 
have features comparable to those described by conventional 
radiologists can be observed on CT scans. These masses 
may or may not be highlighted after contrast material is 
administered.

The pathogenesis of this outside-bone marrow 
hematopoiesis is not clear. It may originate from the extension 
of hyperplastic marrow through the thin cortex of ribs and 
vertebral bodies; the capsule of the mass is formed by the 
periosteum.(14) Another explanation is that EMH results 
from transforming embryonal rests of osteogenic tissue into 
hematopoietic tissue under stress conditions to maintain 
sufficient red cell production.(15-17)

In conclusion, EMH in the small intestine is uncommon 
in patients with thalassemia. It is a sign of the severity of the 
disease and a poor prognostic factor because of small bowel 
obstruction. Surgery can solve the clinical problems that have 
arisen with EMH. 
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Fig. 1. A) Abdominal radiography showing a dilated small 
bowel. B) CT scan: axial post IV contrasted abdominal 
study; a picture of the enhanced jejunal wall, with focal 
wall thickening and signs of pseudo intestinal obstruction.

Fig. 2. A) Axial CT abdomen shows huge hepatomegaly, 
left lobe focal low attenuation left paraspinal soft tissue 
masses. 
B) Axial contrast-enhanced lower chest mediastinal CT 
scan, arterial phase, nasogastric tube noted. No pericardial 
and pleural effusions; left paraspinal lobulated masses.
C) Abdomen CT: hepatomegaly, dilated stomach, and 
nasogastric tube. Normal enhanced left kidney and PV. 
D) Axial contrast-enhanced CT scan, venous phase. Dilated 
bowel, pseudo-obstruction, GB stones, and nasogastric 
tube tip.

Fig. 3. Histopathological study: the presence of EMH mass. 
A (X100), B (X200).
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Abstract
The Mayer-Rokitansky-Kuster-Hauser (MRKH) syndrome is a rare condition that results from the disturbance of embryonic 

paramesonephric duct development, which gives rise to varying degrees of malformation of reproductive organs. It is characterized 
by uterovaginal aplasia with normal secondary sexual characteristics and 46,XX karyotype. We report a 15-year-old female patient 
with MRKH. Pelvic MRI revealed cervical and uterine agenesis with the absence of the vagina. The diagnosis was confirmed based 
on radiological findings. The correct clinical and radiological diagnosis of MRKH by MRI is crucial for long-term management. 
(International Journal of Biomedicine. 2024;14(2):348-351.)
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Introduction
The Mayer-Rokitansky-Kuster-Hauser (MRKH) 

syndrome is a rare disorder characterized by congenital 
aplasia of the upper 2/3 of the vagina together with partial or 
total aplasia of the uterus in women with normal development 
of secondary sexual characteristics and a normal 46,XX 
karyotype. It is a rare congenital disorder with an incidence of 
1 in 4,500 women.(1) Various assumptions exist for its etiology, 
which can be multi-factorial, such as genetic factors or the 
use of drugs such as diethylstilbestrol and thalidomide,(2) but 
to this day the etiology remains unknown. Triantafyllidi et 
al.(3) identified 76 studies describing multiple genetic defects 
that potentially contribute to the pathogenetic mechanism of 
MRKH syndrome. The most reported chromosomal regions 
and the possible genes implicated are: 1q21.1 (RBM8A gene), 
1p31-1p35 (WNT4 gene), 7p15.3 (HOXA gene), 16p11 

(TBX6 gene), 17q12 (LHX1 and HNF1B genes), 22q11.21, 
and Xp22. Usually, the first signs with which patients present 
to the doctor are primary amenorrhea, with well-developed 
secondary sexual characteristics. The associated abnormalities 
of this syndrome can include urological abnormalities (25%-
50%), including renal agenesis, pelvic kidney or horseshoe 
kidney, other abnormalities of the collecting system as well 
as skeletal abnormalities (10-15%), including the spine, ribs, 
and extremities.(4)

MRI imaging of the uterus, cervix, and vagina offers 
in-depth insights into the anatomy of the uterovaginal region, 
with a specific focus on examining the external contours of the 
uterine fundus and the shape of the cavity, and it also allows 
tissue characterization of the possible septa, thus providing 
a complete classification of the specific anomaly.(5,6) At 
present, MRI boasts the utmost accuracy in diagnosing uterine 
anomalies, achieving a nearly perfect rate of nearly 100%, 
attributed to its outstanding resolution for soft tissue and its 
ability to visualize structures from multiple perspectives.(7,8) 
T1-weighted (T1W) and T2-weighted (T2W) MRI provide 
excellent zonal anatomy of the uterus, i.e., endometrium, 
junctional zone, and myometrial anatomy.(9,10)
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Case Presentation
A 15-year-old female patient presented to the Radiology 

Clinic for an MRI of the abdomen and pelvis, ordered by her 
gynecologist, to whom she presented with primary amenorrhea 
and abdominal pain. Medical history showed only childhood 
diseases. Her mother was not a smoker, she rarely consumed 
alcohol, but she denies consuming alcohol during pregnancy. 
The woman also denied illness and exposure to medications 
during pregnancy. The patient’s mother had menarche at the 
age of 12. Regarding the secondary sexual characteristics, 
the patient was normal for her chronological age. The 
hematological and biochemical laboratory examinations were 
all within the normal range (Table 1). 

The patient’s weight and height at the time of 
the examination were 57kg and 155cm, respectively. A 
gynecological examination showed pubic hair, labia majora, 
labia minora, vagina opening, all these well-developed. The 
vagina was visible only at the entry, so only 1cm long with a 
blind end. Pelvic examination with MR examination technique 
included T2W pre-contrast images in axial/sagittal/coronal 
planes and axial T1FS images. DWI images for diffusion-
weighted imaging were also obtained. Post-contrast images 
were obtained with fat suppression T1W axial, sagittal, and 
coronal planes (Figure 1). During the processing of the images 
acquired in a T2W sagittal plane, it was observed that there 
is a complete absence of the uterus and the upper 2/3 of the 
vagina (Figure 2). The small amount of free fluid in the pelvis 
can also be seen in these images. The images obtained in a 
T2W coronal plane clearly show that there is a lack of 2/3 of 

the upper part of the vagina; while in this view the vaginal 
remnant (distal part) can be evaluated, it was measured and 
found to be 1cm long. A T1W MRI scan in the axial plane 
showed normal, well-formed ovaries.

Discussion
The MRKH syndrome manifests in two distinct forms. 

The typical form (Type 1) is defined by the congenital 
absence of the uterus and upper vagina, while the ovaries 
and fallopian tubes appear normal. The atypical form (Type 
2) encompasses Müllerian anomalies in addition to non-
gynecological anomalies affecting the urological, skeletal, 
vertebral, or cardiac systems.(11) In our case, it is presented as 
MRKH type 1. This syndrome was first described by Mayer 
in 1829, and later, in 1838, the description was completed 
by Rokitansky, who noted uterine and vaginal agenesis. 
Later, Kuster added renal abnormalities (renal agenesis, renal 
ectopy) and skeletal abnormalities. And finally, in 1961, 
Hauser separated MRKH from testicular feminization.  Most 
cases appear to be sporadic.(11) A retrospective cohort study 
conducted from 1997 to 2011 at the University of Michigan 
in 2013 consisting of 48 MRKH patients found that 48% had 
a primordial uterus.(12) In a review in 2020,(13) it was estimated 
that 48%–84% of MRKH patients had a primordial uterus. 

As for the clinical presentation, it was characterized by 
the normal development of secondary sexual characteristics 
and primary amenorrhea. The development of the ovaries and 
their function was normal. The levels of follicle-stimulating 
hormone (FSH) and luteinizing hormone (LH) were within 
normal ranges, and there were no indications of androgen 
excess, which helps differentiate it from androgen insensitivity 
syndrome.(14) 

The diagnosis is usually made through clinical 
symptoms and clinical examination, also with imaging or 
laparoscopic confirmation, as a condition of the normal 
hormonal values and normal karyotype. It usually starts with 

Test name Result Range Unit

Leukocytes 8.9 3.50-9.50 ×109/L

Erythrocytes 4.8 3.80-5.80 ×1012/L

Platelets 250 125-350 ×109/L

Hemoglobin 125 115-175 g/L

Hematocrit 38.2 35.0-50.0 %

Glucose 4.8 4.40-6.00 mmol/L

Urea 5.2 1.70-8.30 mmol/L

Creatinine 72 53-115 mmol/L

Ionized calcium 1.15 1.12-1.32 mmol/L

Potassium 140 132-146 mmol/L

Kalium 4.3 3.4-5.5 mmol/L

Progesterone 2.85 0.87-3.37 ng/mL

Testosterone 12.8 6.00-52.00 ng/dL

FSH 6.23 0.3-10 IU/L

LH 3.22 0.60-16.3 IU/L

Prolactin 15.20 4.04-23.30 ng/mL

Table 1.
The hematological and biochemical tests.

Fig. 1. Magnetic resonance of pelvis. A) axial T1 (FS)-weighted 
images, B) axial and C) sagittal contrast-enhanced T1 (FS) - 
weighted images contrast-enhanced T1-weighted images.

Fig. 2. Magnetic resonance of pelvic. A ) sagittal, B) coronal, 
and C) axial T2-weighted images show the absence of the uterus 
and vagina.  Also, the presence of free fluid in the pelvis.
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simple imaging procedures, such as 2D or 3D ultrasound, 
which are non-invasive methods and easy for the patient. 
As far as can be seen in ultrasound, it can be concluded 
from our study that there was a lack of development of 
the uterus. Usually, during the ultrasound examination, 
abnormalities such as renal ectopia, renal agenesis, or any 
other abnormality that is assumed to be related to MRKH 
syndrome are also looked for. Then, usually, patients are 
advised to undergo more detailed imaging procedures, such 
as CT or MRI. An MRI stands out for its superior efficacy, 
thanks to its multiplanar capacity and unparalleled soft 
tissue contrast. It surpasses all other imaging methods while 
avoiding the need for ionizing radiation.(15) By means of 
magnetic resonance, the abnormality of the relevant organs 
is assessed, through a higher sensitivity and specificity 
than other imaging methods. It provides accurate details 
regarding the anatomical positioning and any abnormalities 
within the uterus, potential tubal remnants, vestigial lamina, 
and ovaries.(16)

Usually, patients, after receiving the news that they 
have been diagnosed with MRKH, suffer from mental stress 
knowing that they do not have a uterus and vagina. This is 
exactly what the beginning of the treatment is, that is, the 
consultation with the patient before starting the treatment 
steps. The next steps include the creation of neovagina, 
which can be done after non-surgical treatment and surgical 
treatment. The non-surgical treatment includes the Frank’s 
Method, which involves wearing vaginal dilators for at least 
2 hours a day, which affects the increase in the width and 
length of the vagina. While the surgical treatment, of which 
there are different methods, consists in creating a channel 
that plays the role of the vagina. In a study by Motta and 
D’Alberton,(17) of 108 patients with MRKH syndrome from 
1955 to 2003, 53 chose the option of creating neovagina 
with dilation (functional method), while 55 chose the 
surgical option. Of the patients who chose the non-surgical 
method, 83% expressed that they were satisfied with their 
treatment: 75% of the patients had an optimal result, 13% 
had an acceptable result, and 12% had a poor result. As for 
the group that chose the surgical option, 76% were satisfied 
with these methods, while 68% of the anatomical creation of 
the vagina were successful.(18,19)

Conclusion
The first point when there is suspicion of MRKH is the 

clinical presentation and gynecological examination. Imaging 
examinations, starting with ultrasound, are needed to verify the 
diagnosis. For a more detailed evaluation, an MRI is needed, 
which, in addition to showing genital abnormalities, can give 
us more information about whether it is Type 1 MRKH or 
Type 2 MRKH by showing other organs as well.
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Abstract
Background: Intellectual disabilities encompass a spectrum of neurodevelopmental disorders profoundly impacting an 

individual’s cognitive abilities, adaptive behaviors, and communication skills. This article delves into the complex challenges 
encountered by an individual with intellectual disability, particularly examining the interplay between cognitive limitations and 
speech difficulties, while presenting a case report detailing the experience of a son within a non-consanguineous family diagnosed 
with intellectual disability due to a new genetic defect in THOC2, thereby contributing significantly to our comprehension of 
THOC2-related pathogenic variants.

Case presentation: A 14-year-old boy from a non-consanguineous Iranian family presented with significant challenges in 
academics, communication, and adaptive skills, accompanied by speech problems and exhibiting distinctive physical characteristics. 
The exome-sequencing analysis revealed a novel hemizygous c.1559+5A>T mutation located in intron 14 (NM_001081550.2) 
within the THOC2 gene in the proband. Sanger sequencing further confirmed the mother as a carrier of the mutation, although she 
remains in good health, while the father exhibits a normal genotype. This delineates an X-linked inheritance pattern, shedding light 
on the familial transmission of the identified genetic anomaly. 

Conclusion: The precise identification of the c.1559+5A>T splicing mutation in the THOC2 gene, achieved through 
exome-sequencing, conclusively diagnoses X-linked intellectual disability in our patient. This breakthrough not only unravels 
the molecular intricacies contributing to intellectual disability but also underscores the urgency for accurate and swift disease 
diagnosis. (International Journal of Biomedicine. 2024;14(2):352-356.)
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Introduction
Intellectual disabilities (IDs) represent a multifaceted 

spectrum of neurodevelopmental disorders that significantly 

impact an individual’s cognitive abilities, adaptive behaviors, 
communication skills, and daily living tasks.(1, 2) This diverse 
range of challenges emerges early in life, posing obstacles 
to various facets of a person’s development. The term “IDs” 
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encompasses a variety of conditions, each contributing to 
unique struggles for those affected.

Within this intricate landscape, individuals with ID 
confront limitations in intellectual functioning, hindering 
their capacity to acquire and apply knowledge effectively.(1) 

These challenges extend beyond the cognitive realm, affecting 
adaptive behaviors that are crucial for navigating daily life and 
engaging in social interactions.(2) The profound impact of ID 
is not limited to isolated aspects but ripples through various 
dimensions of an individual’s existence.

Moreover, a subset of individuals grappling with ID also 
contends with concurrent speech problems, adding an extra 
layer of complexity to their communication abilities.(1) This 
intersection of challenges can further impede their ability to 
articulate thoughts effectively, exacerbating the hurdles they 
face in interpersonal relationships, education, and societal 
integration.

Understanding ID necessitates delving into the intricate 
interplay of genetic, environmental, and neurological factors 
influencing development.(1) Recent research has spotlighted 
specific genetic mutations linked to ID, including mutations 
in the THOC2 gene, identified as monogenic causes for 
neurodevelopmental disorders such as X-linked intellectual 
disability (OMIM: #300957).(3,4) The THOC2 gene encodes a 
183 kDa nuclear protein, an integral component of the highly 
conserved multimeric protein complex known as the TREX 
complex. This complex facilitates transcription elongation, 
mRNA export, and other critical processes.(4-6) Within the THO 
complex, comprising THOC1, THOC2, THOC5, THOC6, and 
THOC7, mutations in both THOC2 and THOC6 have been 
reported in patients with IDs, providing additional insights into 
the genetic underpinnings of neurodevelopmental disorders.(7, 8)

Exome-sequencing emerges as a vital tool for uncovering 
the roots of diseases, particularly those originating from rare gene 
mutations. This technique delves into the protein-coding regions 
of the genome, pinpointing mutations within genes that underlie 
the development of various disorders. By honing in on these 
functional segments, exome-sequencing significantly streamlines 
the process of identifying pathogenic variations, proving 
essential in deciphering the molecular basis of diseases. The 
method’s focus on detecting rare gene mutations is instrumental 
in unveiling the genetic origins of diverse conditions, enabling 
more precise diagnostics and fostering the development of 
targeted treatments for improved patient outcomes.(9-12) Based 
on this evidence, we employed the exome-sequencing technique 
to discern the causative genetic defect in a non-consanguineous 
Iranian family affected by ID. The investigation involved an 
in-depth examination of the patient’s genetic makeup through 
exome-sequencing, coupled with a meticulous segregation 
analysis. The compelling results obtained from this genetic 
scrutiny consistently point toward the likelihood that a novel 
mutation in the THOC2 gene may serve as a potential candidate 
implicated in the causation of the observed ID in the patient. 

Case Presentation
The patient, a 14-year-old boy from an Iranian family 

with a non-consanguineous parental relationship (Figure 1A), 

presented significant challenges in academics, communication, 
and adaptive skills. The parents reported a speech problem in 
the patient, further complicating effective communication. 
Challenges in school, including difficulties in grasping 
academic concepts and persistent speech issues, were noted by 
teachers, leading to a comprehensive evaluation and referral to 
a psychologist.

Upon assessment, a detailed examination revealed 
a moderate ID, affecting both intellectual functioning and 
adaptive behavior. To delve into the underlying causes of the 
observed impairments, standardized tests such as the Wechsler 
Intelligence Scale for Children (WISC) were administered. 
The results confirmed the presence of a moderate ID and 
identified a speech problem. 

The general physical examination exposed additional 
features in the patient. Truncal obesity was observed, 
accompanied by dysmorphisms, including a broad and high 
forehead, a visibly large head with large ears, bushy eyebrows, 
synophrys, squint, and flat feet. The patient exhibited a 
reluctance to respond to commands, social anxiety with 
avoidance of eye contact, and his mother mentioned a hearing 
impairment. Further examination revealed a small penis and 
large testes. Notably, other systemic examinations showed no 
abnormalities (Table 1).

Personal Particulars
Sex Male 
Age 14
Perinatal Features
Prematurity -
Delivery Term vaginal assisted
Low birth weight -
Neurologic Features
Intellectual disability Moderate 
Speech delay +
Response to command Slow 
Power 4/5
Deep reflexes N
Hyperkinesia -
Tremor -
Epilepsy -
Gait disturbances -
Behavior problems +
Anxiety problems -
Depression -
Brain MRI and/or CT ND
Growth Parameters
Head circumference 56/5 cm
Macrocephaly +
Short stature -
Chest circumference 89 cm 
Overweight +
Truncal obesity +
Dysmorphisms
Broad high forehead +
High palate -
Large ears +
Small penis +
Macroorchidism +
Other
Flat feet +
Medical conditions -

   N: normal, ND: no data

Table 1. 
Physical examination findings.
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In light of the patient’s maternal relatives, particularly 
the mother’s male siblings (Figure 1A), displaying ID and 
speech issues, genetic testing was undertaken to elucidate 
potential hereditary factors influencing the condition. To 
pinpoint rare alleles associated with ID, we employed exome-
sequencing for the patient under study. Macrogen Company 
conducted the library preparation using the SureSelect Human 
All Exon V6, followed by sequencing on the Illumina HiSeq 
2000 genome analyzer platform.

The family history proved intricate, revealing a novel 
hemizygous c.1559+5A>T mutation in the THOC2 gene 
(NM_001081550.2 - intron 14), in the 14-year-old male patient. 
The utilization of exome-sequencing brought forth a potential 
candidate variant within the gene, prompting an additional 

layer of confirmation through direct Sanger sequencing. This 
meticulous validation process, performed with an ABI3500 
sequencer, conclusively confirmed the identification of the 
c.1559+5A>T mutation inherited from the heterozygous mother, 
but the father exhibited a normal genotype (Figure 1B). Notably, 
due to the involvement of the mother and her male siblings, the 
inheritance pattern was confirmed as X-linked. Interestingly, 
despite carrying the mutation, the mother remained unaffected.

The specific mutation (c.1559+5A>T) occurs at the 
splice donor site in the 14th intron of the THOC2 gene, 
confirming its association with X-linked ID. This mutation 
has the potential to affect mRNA splicing during transcription. 
The alteration of the splice donor site could interfere with the 
recognition and cleavage of the intron during splicing, leading 
to the production of aberrant mRNA transcripts. 

Discussion
We describe here the genetic and clinical findings of a 

patient with X-linked ID. The patient, hailing from an Iranian 
family with a non-consanguineous parental relationship, 
underscores the significance of both cultural and genetic 
backgrounds in shaping the clinical presentation. Notably, 
the absence of consanguinity within the family dispels any 
immediate attribution of the observed condition to familial 
relatedness. This case involves a 14-year-old boy, whose 
struggles extend across various facets of life, particularly in 
academics, communication, and adaptive skills. The patient 
exhibited moderate ID, truncal obesity, macrocephaly, a small 
penis, and distinctive dysmorphic features, including bushy 
eyebrows, synophrys, a broad and high forehead, large ears, flat 
feet, hearing impairment, and strabismus. Our patient displayed 
a complex array of symptoms resembling those reported in 
cases with THOC2 mutations, such as ID, truncal obesity, 
genital abnormalities, hearing anomalies, ocular irregularities, 
and dysmorphic features.(13) Remarkably, approximately 
82% of the previously reported patients experienced speech 
delay. However, our case presents the patient demonstrating 
problems in speech and frequently punctuated by a cheerful 
disposition. Nonetheless, during the clinical evaluation process, 
articulating coherent thoughts posed a significant challenge. 
Interestingly, the patient’s mother attests to his proficiency 
in communication within the familial setting, indicating that 
the observed delay may be attributed to pragmatic language 
difficulties. Contrary to historical data, where 52% of patients 
exhibited short stature, our patient achieved normal growth 
milestones. While 34% of previous cases were microcephalic, 
our patient exhibited macrocephaly. Intriguingly, prior cases 
documented cryptorchidism and microorchidism, whereas 
our patient presented with macroorchidism. Our patient 
shared ocular and hearing impairments observed in prior 
cases. Moreover, genetic testing revealed a novel hemizygous 
mutation in the THOC2 gene, specifically c.1559+5A>T, 
adding a crucial dimension to understanding the condition. 
However, additional reported features like hypotonia, gait 
disturbances, behavioral problems, epilepsy, and congenital 
anomalies in cardiorespiratory, skeletal, and gastroesophageal 
systems were conspicuously absent in our patient. The intricate 

Figure 1. (A) The pedigree of the studied family. Male 
individuals are represented by squares, while females are 
depicted by circles. Affected members are enclosed within 
symbols, with the proband highlighted by an arrow. (B) The 
sequence chromatograms depict a novel hemizygous mutation 
(c.1559+5A>T) in THOC2 within the proband, with his mother 
displaying a heterozygous state for the mutation. Conversely, 
the father’s sequence analysis shows a normal genotype.
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interplay between genetic and environmental factors becomes 
apparent in the challenges faced by the patient, prompting 
a thorough investigation into the underlying causes of the 
observed intellectual and speech impairments.

The Human Gene Mutation Database (HGMD, http://
www.hgmd.cf.ac.uk/ac/index.php) has identified THOC2 as a 
gene associated with IDs. Our study endeavors have extended 
this repertoire by uncovering an additional splicing mutation, 
namely c.1559+5A>T, within the THOC2 gene. This novel 
mutation represents a noteworthy addition to the existing 
knowledge base.

This newfound splicing mutation holds significance in 
our understanding of THOC2-related pathogenic variants. 
We propose that the c.1559+5A>T mutation gives rise to an 
aberrant protein, potentially compromising its functionality 
or stability. The implications of this mutation are particularly 
pertinent to IDs, suggesting a possible link between THOC2 
dysfunction and cognitive impairment.

Recent investigations have shed light on the role of 
THOC2 gene mutations in IDs, providing a context for our 
novel findings. The THOC2 gene encodes a subunit of the 
THO complex, crucial for mRNA processing and transport. 
In studies by Kumar et al.,(4,14) mutations within the THOC2 
gene were identified in individuals with IDs, reinforcing the 
gene’s significance in cognitive function. Building upon this 
foundation, our investigation unveiled a distinct hemizygous 
mutation (c.1559+5A>T) in the 14th intron of the THOC2 
gene in a 14-year-old male patient. This mutation is anticipated 
to impact mRNA processing, potentially leading to abnormal 
protein expression. Consequently, the perturbation in 
protein production could disrupt essential cellular functions, 
contributing to IDs. Our findings align with Kumar R et al.’s 
studies, supporting the notion that variations in the THOC2 
gene contribute to IDs, thereby solidifying the understanding 
of the gene’s implication in cognitive impairment.

Additionally, in a recent study conducted by Kumar et 
al.,(15) a comprehensive examination of THOC2 revealed a total 
of 19 missense variants, one deletion, and two splice-altering 
mutations across three cohorts. This research significantly 
contributed to our understanding of the genetic landscape 
associated with neurodevelopmental disorders. In alignment 
with these findings, our case report identified a novel splicing 
mutation, c.1559+5A>T, in THOC2, which resulted in ID. 
This discovery not only underscores the diversity of mutations 
within the THOC2 gene but also emphasizes its role in IDs. 
The inclusion of this unique splicing mutation in our case 
report adds a valuable piece to the puzzle of THOC2-related 
pathogenic variants, further highlighting the necessity for 
ongoing research in this domain.

The impact of the c.1559+5A>T mutation on ID 
underscores the critical need for advanced diagnostic 
approaches. Our study highlights the significance of 
utilizing exome-sequencing in parents, both prior to or after 
marriage, during pregnancy, and post-birth, as a pivotal 
tool for identifying potential or novel mutations associated 
with ID. This is particularly crucial for individuals with a 
familial history of mental retardation, offering a proactive 
means of diagnosis and intervention. By embracing such 

advanced techniques, we pave the way for early detection, 
comprehensive understanding, and targeted management of 
IDs, thereby contributing to improved outcomes for affected 
individuals and their families.

Conclusion
The conclusive diagnosis of intellectual disability in our 

patient, achieved through the precise identification of splicing 
c.1559+5A>T mutation mutations in the THOC2 gene using 
exome-sequencing, represents a pivotal advancement in our 
understanding of the disorder’s etiology. This study not only 
unravels the molecular intricacies contributing to intellectual 
disability but also emphasizes the urgent need for accurate 
and swift disease diagnosis. The implications of this research 
extend beyond the laboratory, offering a foundation for 
improved genetic counseling for affected families. 
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Abstract
This paper reports on the occurrence of thrombose of the left great saphenous vein (GSV) soon after being given the 

AstraZeneca vaccine and two recurrent events within three days after the suspension of the anticoagulant. A 53-year-old patient 
had superficial thrombophlebitis of the GSV in the left leg three days after taking the second dose of the AstraZeneca vaccine for 
COVID-19 and initiated treatment with rivaroxaban (XareltoTM) 15 mg twice a day, subsequently increasing to 20 mg. After 45 days, 
the patient contracted dengue and stopped taking the anticoagulant. Two days later, the patient had another thrombosis in the left 
GSV. The patient is currently in outpatient care with a prophylactic dose of 10mg/day of anticoagulant and undergoes evaluations 
at three-month intervals. The result of our study is a rare event. (International Journal of Biomedicine. 2024;14(2):357-358.)
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Introduction
The vaccine, developed by Johnson and Johnson for 

SARS-CoV-2, has been related to more specific cases of 
thrombosis associated with low platelet levels similar to 
those found in heparin-induced thrombocytopenia.(1) A  
study by A. Mani and V. Ojha found that venous thrombosis 
was more frequent than arterial thrombosis and that a large 
portion of patients had thrombocytopenia (49%) and anti-
platelet factor 4 antibodies (78.6%).(2) 

Another study reported two cases of superficial venous 
thrombosis, suggesting that this may be another adverse effect 
to add to the list of events associated with the ChAdOx1 
nCoV-19 vaccine.(3) Another report describes portal vein and 
right common iliac vein thrombosis in a 36-year-old woman 
two weeks after receiving the first dose of the AstraZeneca 
vaccine.(4) The cumulative incidence of any thrombotic event 
within 30 days after receiving the vaccine was 12 per 10,000 
in the COVID-19 group and six per 10,000 in the influenza 
group (P=0.022).(5) Venous thrombosis has not been associated 
with COVID-19 vaccines in the literature. Therefore, the 
occurrence is rare. 

This paper reports on the occurrence of thrombose of 
the left great saphenous vein (GSV) soon after being given 
the AstraZeneca vaccine and two recurrent events within three 
days after the suspension of the anticoagulant.
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Case Presentation
A 53-year-old patient had superficial thrombophlebitis of 

the GSV in the left leg three days after taking the second dose of 
the AstraZeneca vaccine for COVID-19 and initiated treatment 
with rivaroxaban (XareltoTM) 15 mg twice a day, subsequently 
increasing to 20 mg. After 45 days, the patient contracted dengue 
and stopped taking the anticoagulant. Two days later, the patient 
had another thrombosis in the left GSV. The laboratory exams 
revealed normal platelets and coagulation, and the patient 
began taking the anticoagulant again. After 24 days, the patient 
stopped taking the anticoagulant because she was going to be 
submitted to surgery. Three days later, the third thrombotic event 
occurred in the GSV. Rivaroxaban was initiated again twice a 
day at a dose of 15 mg, which was subsequently increased to 
20 mg. The patient had no family history of thrombotic events. 
Screening for neoplasm (chest x-ray, endoscopy, and ultrasound 
of the abdomen) was negative. Screening for antiphospholipid 
antibodies was negative. The patient is currently in outpatient 
care with a prophylactic dose of 10 mg/day of anticoagulant and 
undergoes evaluations at three-month intervals. 

Discussion
The present study reports a case of GSV thrombosis 

three days after receiving the AstraZeneca vaccine, for which 
anticoagulant therapy was initiated with rivaroxaban. After 
45 days, the anticoagulant was suspended because the patient 
contracted dengue. Two days later, thrombosis recurred in 
the same vein and the anticoagulant was reinitiated. After 25 
days, the medication was suspended, and another episode of 
thrombosis occurred in the same vein. The literature reports 
cases of superficial venous thrombosis as a possible consequence 
of the ChAdOx1 nCoV-19 vaccine,(3) but no cases of recurrent 
thrombosis. Hence, the result of our study is a rare event. The 
patient had two episodes of recurrent thrombosis soon after 
going off the anticoagulant, suggesting the maintenance of 
a state of hypercoagulability. This raises the issue as to when 
anticoagulant therapy can be safely suspended. The decision 
was made to use a prophylactic dose of rivaroxaban to reduce 
the possibility of bleeding and ensure prophylactic protection. 
The patient did not have a family history of thrombotic events, 
did not present thrombocytopenia, and screening was negative 
for both antiphospholipid antibodies and neoplasm.

The literature reports atypical thrombotic events 
in patients with COVID-19,(6-8) but no cases of recurrent 
thrombosis. Venous thrombosis and thromboembolism are 
reported more often. Recurrent thrombosis almost immediately 
after suspending anticoagulant therapy is the most striking 
aspect in the present case.

In conclusion, this paper reports the occurrence of 
GSV thrombophlebitis, the possible cause of which was the 
AstraZeneca vaccine, and recurring thrombosis after the 
suspension of anticoagulant therapy. 
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