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Abstract
Cardiovascular diseases (CVDs) are the leading cause of death worldwide. An estimated 17.9 million individuals died from 

CVDs in 2019, representing 32% of all global deaths. Of these deaths, 85% were due to heart attack and stroke. Cardiometabolic 
risks, such as hypertension, excess weight, obesity, type 2 diabetes, and vascular diseases, contribute significantly to the progression 
of coronary artery disease. Known sequelae of events that lead to these cardiometabolic diseases include oxidative stress, 
inflammation, development of dysfunction of vascular adipose tissue, altered blood pressure and blood lipids, altered glucose 
metabolism, hardening of the arteries, endothelial dysfunction, development of atherosclerotic plaques, and activation of platelet 
and coagulation pathways. The Framingham Heart Study Group has developed a Risk Score that estimates the risk of developing 
heart disease in a 10-year period. This group of experts has developed mathematical functions for predicting clinical coronary 
disease events. These prediction capabilities are derived by assigning weights to major CVD risk factors such as sex, age, blood 
pressure, total cholesterol, low-density lipoprotein, high-density lipoprotein cholesterol, smoking behavior, and diabetes status. 

Currently, there is a growing interest in the use of artificial intelligence and machine learning applications. AI-based mimetic 
pattern-based algorithms seem to be better than the conventional Framingham Risk Score, in predicting clinical events related to 
CVDs. However, there are limitations to these applications as they do not have access to data on the specific factors that trigger 
acute vascular events, such as heart attack and stroke. 

This overview briefly discusses some salient cellular and molecular mechanisms involved in precipitating thrombotic 
conditions. Further improvements in emerging technologies will provide greater opportunities for patient selection and treatment 
options. Several clinical studies have demonstrated that most CVDs can be prevented by addressing behavioral risk factors such 
as tobacco use, unhealthy diet and obesity, physical activity, and harmful use of alcohol. Early detection and better management of 
the modifiable risks seem to be the only way to reduce, reverse, or prevent these diseases. (International Journal of Biomedicine. 
2023;13(3):9-16.)
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Introduction
Metabolic diseases, such as hypertension, excess 

weight, obesity, T2D, and vascular diseases, have increased in 
incidence and prevalence to epidemic proportions worldwide 
in the last four decades.(1-3) Metabolic diseases are a cluster of 
disease conditions or related risk factors of altered metabolism 
that contribute to the development of atherosclerotic vascular 

diseases.(4) Despite the advances in diagnosing the risk factors 
and managing various metabolic diseases, atherosclerotic 
cardiovascular disease (CVD) outcome remains the leading 
cause of morbidity and mortality.(5) CVDs are the leading cause 
of death globally, taking an estimated 17.9 million lives each 
year.(6) According to a ‘News Release’ from the American Heart 
Association (July 21, 2021), heart diseases are likely to remain 
the number one killer in the U.S. indefinitely due to long-term 
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COVID-19 impact. The trend is likely to continue for years to 
come, as the long-term impact of the novel coronavirus will 
directly affect vascular health.(7-11) This trend can be disrupted 
by developing early diagnostic capabilities for the modifiable 
risks and introducing robust management of identified risks.(12)

The Framingham Risk Score (FSR) is a simplified tool 
for the assessment of risk level for developing CVD over a 
10-year period.(13) The FRS considers six coronary risk factors: 
age, gender, total cholesterol (TC), high-density lipoproteins 
cholesterol (LDL), smoking habits, and systolic blood pressure. 
FRS seems to be the most applicable method for predicting a 
person’s chance of developing CVD in the long term.(14-16) An 
international team of experts studied the effect of each additional 
risk-modifying characteristic using Fine and Gray models and 
reported that the coronary calcium score was the single strongest 
added predictor of risk.(17) There is considerable interest in the 
level of C-reactive protein (CRP), as a valuable test for predicting 
the risk of atherosclerotic vascular disease.(18) Amplifying this 
finding, a news report had the following headline, “The Heart 
Disease Test That Could Save Your Life.” Furthermore, the 
article described CRP as an “easy new way to help predict 
your risk of heart attack and stroke.” However, a recent study 
by Hickam and associates from the University of Toronto 
concludes, “the evidence base supporting the inclusion of CRP 
in vascular disease risk assessment is tenuous, incomplete, and 
conflicting.”(19) We agree with this conclusion.

A search on the internet on the topic of: “Acute Vascular 
Events”, reveals a few reports, one on the use of heart rate 
variability by Wang and associates from China,(20) and the 
other on using machine learning (ML), using the MESA study 
data.(21) The authors of the MESA study concluded that ML 
in conjunction with deep phenotyping improves prediction 
accuracy in cardiovascular event prediction in an initially 
asymptomatic population. They, too, concluded that artificial 
intelligence (AI) approaches and deep learning applications will 
improve risk prediction through multimodal data integration. A 
multinational research team has identified several limitations in 
this approach, such as difficulties incorporating AI into clinical 
practice and the lack of standardization in clinical health data.
(22) Having said that, we would like to inform the readers that it 
is not that simple to predict acute vascular events, as the data 
processed by such advanced applications assume that all the 
biomarkers needed for risk stratification and risk prediction are 
available. Let us just ask the same question we asked on the 
internet, -’Risk Factors for Prediction of Acute Vascular Events’, 
to the ‘all-knowing’ ChatGPT (Open AI). The answer lists 10 
risk factors: age, gender, smoking, blood pressure, cholesterol, 
diabetes, family history, obesity, physical inactivity, and stress. 
None of these risk factors trigger the acute events, although they 
all contribute their share to the progression of vascular disease. 
This overview will briefly review the cellular and molecular 
mechanisms that promote acute vascular events, such as heart 
attacks and stroke.

Metabolic Diseases and Atherosclerotic Vascular Disease

The fact that in 2014, 6090, and 2015, 5524 articles were 
published related to metabolic vascular syndrome indicates the 
role of metabolic diseases in promoting atherosclerotic vascular 

disease.(23) The metabolic syndrome has been described as a 
cluster of five pre-morbid metabolic-vascular risk factors or 
diseases (with the ‘deadly quartet’ - hyperglycemia, visceral 
obesity, dyslipidemia, and hypertension) associated with 
increased CVD. However, the sequelae of risks that promote 
atherosclerotic CVD include oxidative stress, inflammation, 
hyperglycemia, dyslipidemia, hypertension, excess weight, 
obesity, T2D, narrowing of the arteries, endothelial dysfunction, 
subclinical atherosclerosis, activation of platelets and coagulation 
pathways. In routine clinical settings, hyperglycemia, visceral 
obesity, dyslipidemia, and hypertension provide the basis 
for integrated diagnostics, management, and prevention of 
these disorders. The exact mechanisms involved in how these 
metabolic diseases initiate and promote atherosclerosis of the 
vasculature are not clear at this time. However, oxidative stress, 
increased reactive oxygen species, and low-grade inflammation, 
especially in dysfunctional adipose tissue of the vessels, 
seem to play a very important role in the pathophysiology of 
atherosclerosis. A pro-inflammatory state and dysfunctional 
adipose tissue shift the endothelium toward reduced vasodilation 
and consequent thrombotic condition.(24)

Historical Perspective of Platelet Activation

Blood platelets interact with various soluble agonists, 
such as epinephrine, adenosine diphosphate, and many insoluble 
cell matrix components, including collagen, laminin, and 
biomaterials used to construct invasive medical devices. These 
interactions stimulate specific receptors and glycoprotein-rich 
domains (integrins and nonintegrin) on the plasma membrane 
and lead to the activation of intracellular effective enzymes. 
Most of the regulatory events appear to require free calcium. 
Ionized calcium is the primary bioregulator, and a variety of 
biochemical mechanisms are modulated by the level and 
availability of free calcium. Major enzymes regulating free 
calcium levels via second messengers include phospholipase 
C, phospholipase A2, and phospholipase D, together with 
adenylyl cyclase and guanylyl cyclases (Fig 1A). G-Protein 
beta gamma dependent activation of phospholipase C results 
in the hydrolysis phosphatidyl inositol 4, 5 bisphosphate 
and formation of second messengers 1, 2-diacylyglycerol 
and inositol 1, 4, 5 trisphosphates (IP3), Diglyceride induces 
activation protein kinase C, whereas IP3 mobilizes calcium 
from internal membrane stores. 

Elevation of cytosolic calcium stimulates phospholipase 
A2 and liberates arachidonic acid. Free arachidonic acid is 
transformed to a novel metabolite thromboxane A2 by fatty 
acid synthetase (COX-1, cyclooxygenase). Thromboxane A2 
is the major endogenous metabolite of this pathway and plays 
a critical role in platelet recruitment, granule mobilization, and 
secretion of granule contents (Figure 1 A & B). Secretion of 
granules promotes p-selectin expression (adhesion protein) on 
the platelet membrane. In addition, activation of platelets also 
promotes the expression of acidic lipids on the membrane and 
tissue factor expression, thus making these cells procoagulant. 
Although platelets that are not activated can bind surface-
bound fibrinogen, they cannot bind circulating soluble 
fibrinogen. Agonist-mediated activation of platelets promotes 
the expression of an epitope on glycoprotein IIb/IIIa receptors. 
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Activation of this receptor is essential for the binding of 
circulating fibrinogen. Fibrinogen forms a bridge between 
individual platelets and facilitates thrombus formation. Von 
Willebrand factor (vWF) binds platelet GP Ib-IX complex 
under high shear conditions. Up-regulation of signaling 
pathways will increase the risk for clinical complications 
associated with acute coronary events. In a short overview 
like this, it is hard to cover all aspects of platelet activation 
mechanisms, and readers are urged to refer to comprehensive 
reviews on this topic.(25-31)

Factors Promoting Thrombotic Events

An Internet search on ‘risk factors for arterial thrombosis’ 
lists the following risks: smoking, diabetes, high blood pressure, 
high cholesterol, lack of activity and obesity, and family 
history of arterial thrombosis. Arterial thrombosis is the cause 
of myocardial infarction and stroke, while venous thrombosis 
(VT) leads to venous thromboembolism. Furthermore, arterial 
thrombi are rich in platelets, and venous thrombi are rich in 
fibrin. Arterial thrombosis occurs in places of high shear flow, 
while VT occurs in areas of low shear blood flow.(32) Even when 
one searches response for ‘risk factors that trigger heart attack 
and stroke, ’ the information on the internet does not cover 
the mechanisms that promote these acute events. The internet 
response is that ‘leading risk factors for heart disease and stroke 
are high blood pressure, high low-density lipoprotein (LDL) 
cholesterol, diabetes, smoking, obesity, unhealthy diet, and 
physical inactivity.” We asked the same question to ChatGPT. 
The reply was the same ten risks that we mentioned in the 
introduction. Since I was to provide my input, I mentioned. 
“Your Open AI is not ready to answer such complex questions. 
It is still looking at half a century-old Framingham Risk Score. 
None of the above ten risk factors trigger acute vascular 
events such as heart attack or stroke. Narrowing of the artery, 
atherosclerotic plaque buildup, vascular dysfunction, and 
activation of platelet and coagulation pathways are some of the 
major contributors to acute vascular events”. I got an apology, 
and the chat assistant rephrased what I listed as probable causes 
for acute vascular events.

Cellular and Molecular Mechanisms that Promote Acute, 
Arterial, and Vascular Events

The endothelium, a monolayer of endothelial cells, 
covers the entire inner surface of the blood vessels and, as such, 

is in contact with the blood and the circulating cells (Fig 2). The 
surface of the endothelium is covered by glycocalyx, a mosaic 
of glycoproteins, proteoglycans, and glycosaminoglycans. The 
vessel wall is covered with more than a trillion endothelial cells. 
The wall of blood vessels is comprised of three layers: a) the 
innermost tunica intima, made up of endothelial cells and sub-
endothelial connective tissue; b) the intermediate, tunica media, 
mainly made up of smooth muscle cells; and c) the outer, tunica 
adventitia, made up of collagen. Principal endothelial-derived 
procoagulant molecules include thrombin, vWF, tissue factor 
expression, vascular cell adhesion molecule-1(VCAM-1), 
altered CD39/CD73 expression, plasmin activator inhibitor-
1(PAI-1), ADAMTS-13. Anticoagulant molecules include nitric 
oxide, prostacyclin, thrombomodulin, heparin sulfate, urokinase 
plasmin activator (u-PA), tissue plasminogen activator (t-
PA), C-terminal metalloproteinase with multiple functions 
(ADAMTS-18), endothelial protein C receptor (EPCR) and 
tissue factor pathway inhibitor (TFPI).

              
   

      Endothelium prevents the development of thrombotic 
conditions by providing a surface that discourages the 
attachment of platelets and clotting proteins (Fig. 3). 

Following endothelial injury or dysfunction of endothelial 
cells, circulating platelets get activated and promote expression 
of cell surface adhesion molecules. These conditions also 
promote leukocyte rolling and tethering onto the endothelium, 
which initiates inflammatory responses that promote thrombosis. 
Alteration in the production of vessel wall prostacyclin (PGI2) 

A. Signal transduction mechanisms. B. Second messengers leading to      
                                                                             activation.

Fig. 1. Platelet activation mechanisms.

          Fig. 2. Scanning electron micrograph of endothelial cells.
  (Courtesy: Professor (Late) James G White, University of Minnesota)

Fig. 3. Molecular mechanisms involved in thrombogenesis.
           (Personal collection; source unknown)
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or increased thromboxane production by circulating platelets, as 
well as lowered nitric oxide (NO) production, induce endothelial 
dysfunction. Vessel wall damage due to atherosclerosis, 
hypertension, vascular abnormalities, or dysfunction enhances 
platelet adhesion and interaction with the endothelium (Fig 4). 
Endothelial dysfunction is common in hypertensive subjects, 
diabetics, and metabolic syndrome. 

The activated renin-angiotensin system, together 
with increased oxidized lipids, may play a role in the 
enhanced vascular oxidative stress. These events promote 
the development of inflammation of the vasculature. 
Inflammation enhances the formation of reactive oxygen 
species (ROS), damaging the vessel walls. In an earlier study, 
we demonstrated the role of hyperglycemia in precipitating 
acute vascular events.(33) In brief, the pathogenesis of arterial 
thrombosis involves damage of the vessel wall, alterations in 
the production of vasodilators and vasoconstrictor molecules, 
development of atherosclerosis, plaque formation, and 
activation of platelet and coagulation pathways.  To maintain 
an antithrombotic surface, the healthy endothelium secretes 
various anticoagulant molecules. However, when the surface is 
damaged or dysfunctional, it releases procoagulant molecules.

The endothelial barrier to prevent platelet interactions 
with the subendothelium depends upon the stable cell-
cell junctions (Fig. 2). ACE2 on the endothelium converts 
angiotensin II to angiotensin-(1–7), which, as a ligand, binds 
to the G-protein-coupled receptor MAS, thus modulating 
anti-inflammatory and antithrombotic signaling pathways. 
Furthermore, as we have described earlier, it produces natural 
anticoagulant and anti-fibrinolytic molecules. A healthy 
endothelium produces PGI2 and nitric oxide to prevent platelet 
adhesion and activation.

In an earlier section, we have described molecular 
mechanisms involved in platelet activation. In brief, agonists 
interact with preferred receptors on the plasma membrane. 
In Figure 5 above, we have used thrombin as the agonist, 
interacting at the specific receptor site and inducing activation 
of phospholipase C, which in turn promotes the formation of 
active biological molecules, inositol trisphosphate (IP3), and 
diglyceride (DG). Inositol trisphosphate mobilizes cytosolic 
calcium from membrane stores, and diglyceride activates 
protein kinase C. Elevation of cytosolic calcium stimulates 
phospholipase A2 and induces the release of arachidonic acid 
(AA) from membranes. Free AA is converted to prostaglandin 
endoperoxides G2 and H2 by cyclooxygenase (COX1). These 
endoperoxide molecules are further converted to thromboxane 

A2 (TxA2) by platelets and to prostacyclin (PGI2) by vessel wall 
enzymes. Thromboxane A2 is the most potent platelet agonist, 
and PGI2 is a potent antagonist. Endogenously generated 
thromboxanes act at the specific receptor sites on the platelet 
membranes and activate the GP IIb /IIIa receptors. Activated 
GPIIb/IIIa receptors recognize soluble fibrinogen and interact 
with other activated platelets to form platelet aggregates (Fig 6).

Studies at the University of Minnesota by Professor 
James White and Gines Escolar demonstrated that fibrinogen 
gold (Fgn/Au) and platelet glycoproteins (GPIIb /IIIa) 
receptor complexes were moved from peripheral margins 
toward centers of surface-activated platelets.(27) The authors 
concluded that “GP11b-111a receptors remain randomly 
dispersed from the edge on fully activated spread platelets”.

To study the role of free fatty acids in platelet physiology 
and pharmacology, we did a one-of-a-kind study in 1980 
using a drug-induced diabetic rat model. Diabetic subjects 
are known to have hyperfunctional platelets. In these studies, 
rats were rendered diabetic by injection of streptozotocin. We 
followed the ability of platelets and vessel wall tissues to make 
prostanoids using radiolabeled AA in the control and diabetic 
rats. We evaluated the release and conversion of free fatty 

Fig. 4. Platelet Interaction with dysfunctional (A) and denuded 
endothelium (B).
(Courtesy: Professor (Late) James G White, University of Minnesota)

     Fig. 5. Molecular mechanisms involved in platelet activation.
 (Personal Collection: Prepared by University of Minnesota Artists)

Fig. 6. Scanning electron micrograph of spread platelets 
showing fibrinogen binding to activated platelets 
(Arteriosclerosis.1990;10:738-744).
(Courtesy; Professor (Late) James G White, University of 
Minnesota)
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acids to thromboxane and prostacyclin by monitoring their 
stable metabolites. A schematic pathway of results obtained 
in these studies is presented in Figure 7. Conversion of AA to 
pro-aggregatory thromboxane was higher in the diabetic rats. 
Whereas the levels of vasoactive prostacyclin were lower in 
the diabetic rats compared to control rats, suggesting a shift to 
a prothrombotic state.(34) The changes observed in platelet and 
vessel wall arachidonic acid were normalized by pancreatic islet 
cell transplantation to these diabetic animals (data not shown). 
For the first time, these studies demonstrated the differential 
effect of hyperglycemia on vascular and platelet prostaglandin 
production. In this overview, we have limited our discussions 
to the role of platelets in thrombosis. We have not discussed the 
role of coagulation pathways in this complex process.

Biomarkers Indicating Platelet Activation and 
Prothrombotic State

Circulating preactivated platelets and a prothrombotic 
phenotype can be detected as a marker of platelet activation.
(35) Activated platelets shed P-selectin, an adhesion molecule, 
which is expressed on the platelet membrane.(36) Circulating 
platelets with p-selectin and soluble p-selectin in the blood 
indicate platelet activation. Activated platelets also express 
CD40L(CD154).(37) Activation of platelets leads to an increase 
in soluble CD40L(sCD40L). High-affinity fibrinogen binding 
sites on GPIIb/IIIa can be detected by PAC-1, a mouse 
monoclonal antibody.(38) Therefore, PAC-1 binding on the 
platelet surface is indicative of platelet activation. Similarly, 
even fibrinogen binding on platelets itself is indicative of 
activated platelets. Monitoring elevated cytosolic calcium with 
appropriate calcium-specific fluorophores will also indicate 
the activation state of blood platelets. Platelet activation 
also can be determined by the expression of CD62, CD63, 
CD41, CD42, and activated GPIIb/IIIa. Stable metabolites of 
thromboxane B2 in blood and urine can be used as markers 
of platelet activation.(39) Platelet-derived microparticles, which 
are strongly procoagulant, also indicate platelet activation. 
In addition to these markers, the international normalized 
ratio (INR), which measures how quickly the blood clots 
or prothrombin time (PT), can also be used to monitor the 
prothrombotic status of the blood. Readers are urged to refer 
to comprehensive monographs for additional information on 
platelet activation. (25-35)

Discussion
CVDs are the most common cause of morbidity and 

mortality worldwide. Despite the impressive improvements in 
patient diagnosis and robust risk factor management, they have 
been ranked the number one killer for decades and will continue 
to occupy this position for decades. INTERHEART study by 
the multicountry investigators demonstrated that modifiable 
risk factors, such as smoking, hypertension, blood apoproteins, 
diabetes, waist-hip ratio, dietary patterns, physical activity, 
consumption of alcohol, and psychosocial factors, account 
for most of the risk for myocardial infarction worldwide, and 
management of these risks significantly prevents premature 
mortality due to myocardial infarction.(40) In a similar study on 
stroke in 32 countries, the authors concluded, “The potentially 
modifiable risk factors are collectively associated with about 
90% of stroke in each major region of the world, among ethnic 
groups, in men and women, and all ages.”(41) Commenting on 
the results of these studies, Zeng and associates wondered 
whether the study might have overestimated the role of ten 
potentially modifiable risk factors, whereas factors such as 
social status, metabolic syndrome, and nutrition are important 
risk factors for ischemic stroke.(42) 

Some authors claim the decline in mortality from CAD 
and stroke as the success story of the past four decades.(43) 
Models have shown that this remarkable decline has been fueled 
by rapid progress in both prevention and treatment, declines 
in smoking, improvements in hypertension treatment, and 
widespread use of statins, development, and use of thrombolytic 
agents and stents for acute coronary syndromes. However, recent 
evidence suggests that long-term decline in CVD mortality may 
have stagnated and even reversed in younger populations.(44) A 
large study from the Imperial College of London reported that 
although CVD mortality has declined in industrial countries, 
diabetes mortality has increased.(45) A multicountry study 
concluded, “Across four studies involving 55,685 participants, 
genetic and lifestyle factors were independently associated with 
susceptibility to coronary artery disease. Among participants 
at high genetic risk, a favorable lifestyle was associated with 
a nearly 50% lower relative risk of coronary artery disease.”(46) 
What is clear from these studies is that early diagnosis of various 
risk factors for CVDs and robust management of the identified 
risks changes in lifestyle, including healthy diet and exercise, 
will significantly lower premature mortality due to coronary 
artery disease. Despite these encouraging studies, the growing 
prevalence of cardiovascular risk factors and better prognosis of 
patients with CVDs have increased the global CVD burden.(47,48)

There is great interest in using AI and ML techniques to 
improve the diagnosis and treatment of vascular diseases.(49-52) 
These techniques have many applications in cardiovascular drug 
therapy, pharmacogenomics, diagnosis, and treatment planning. 
These approaches can be used for improving risk prediction, 
monitoring various clinical complications, and developing AI 
technology compatible with smartphones and high-tech diagnostic 
tools. According to British researchers, cardiology seems to be 
at the forefront of AI/ML applications.(53) There seems to be a 
great opportunity for developing accurate methods for predicting 
CVD outcomes, noninvasive diagnosis of CAD, detection of 

Fig. 7. Altered platelet and vessel wall prostaglandin   
production in diabetes rats.
(Courtesy: Professor John Gerrard. University of 
Minnesota)
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malignant arrhythmias through wearables, and the development 
of diagnosis and treatment strategies and predictions for heart 
failure patients. Researchers from Australia have demonstrated 
that an AI-based, fully automated coronary artery calcium 
scoring model shows high accuracy and low analysis time.(54) 
CCTA has been used to predict long-term outcomes. Researchers 
used data from the CONFIRM study to predict 5-year all-cause 
mortality by combining 44 CT variables. This study included 
10,000 patients with suspected coronary disease. Compared 
to FRS and CCTA-based risk models (segment stenosis score, 
segment involvement score), the model combining CCTA and 
clinical variables was far better in predicting 5-year all-cause 
mortality.(55) An editorial in JAMA rightly suggests that new ways 
to identify groups at increased risk, beyond conventional risk 
factors and current estimate models, are required and warrant 
investigation.(56)

AI, ML, software analytics, and chatGPT are growing 
rapidly in all fields of public health. In healthcare, where 
patient well-being is paramount, it is recommended to 
subject AI and ML analytics to clinical validation before 
widespread acceptance and adoption. It typically involves 
evaluating the performance of the technology on large and 
diverse populations, comparing it to existing standards or 
gold standards, and assessing its impact on patient outcomes. 
Thereby ensuring that the technology meets standards of 
accuracy, reliability, and safety. Clinical validation helps to 
verify the performance of the AI/ML model in real-world 
scenarios. It ensures that the results are consistent and clinically 
meaningful. AI/ML applications may play a significant role 
in improving diagnosis and opting for treatment plans. Such 
risk assessment tools are critical in the current approach to 
primary prevention of atherosclerotic CVDs.(57) A recent 
review by multicountry researchers covers state-of-the-art AI 
applications across various noninvasive imaging modalities 
to quantify cardiovascular risk in CAD.(58,59) A recent study 
published in the European Heart Journal evaluated the ability 
of a deep-learning-based CVD marker, Reti-CVD, to identify 
individuals with intermediate – and high-risk for CVD by 
existing risk assessment tools, including FRS.(60) Despite such 
findings, AI-ML-GPT-related fears have emerged with the rise 
of language learning models, exemplified by Open AI’s GPT. 
The emerging technologies and their applications have left 
clinicians, and scientists wondering how these analytics might 
be used in the future and what risks these technologies pose 
for patients and clinicians.(61)

FRS was developed using conventional risk factors 
to predict the 10-year risk for developing CVDs and not 
for predicting acute vascular events. Researchers have used 
data from the CONFIRM study to predict 5-year all-cause 
mortality by combining 44CT variables. Coronary artery 
calcium is currently assessed manually. A novel AI-based 
model showed high levels of correlation and agreement with 
standard measurement. Such emerging technologies could be 
incorporated to develop AI and ML-based analytics for risk 
stratification, risk prediction, and management. What other 
risk scores can be included to enhance risk stratification and 
risk prediction? Circulating CRP seems to help to estimate the 
risk for cardiovascular events.(62) Researchers from Germany 

used CRP data to improve FRS and concluded that CRP 
significantly enhances global coronary risk as assessed by 
FRS, especially in intermediate-risk groups. Classical risk 
factors used to compute FRS do not account for all incident 
coronary events, especially those associated with acute 
occlusive arterial events. Such observations have led to the 
search and inclusion of biomarkers involved in cellular and 
molecular mechanisms that trigger acute vascular events. This 
overview briefly covered some salient mechanisms that play 
a significant role in platelet-dependent acute vascular events. 
Having said that, we must remind readers that this is only a 
partial story, as we have not discussed the role of coagulation 
pathways in these acute events. We hope future studies will 
include emerging risk factors that modulate the activation of 
platelet and coagulation pathways in computing CVD-related 
risk stratification and risk prediction equations.

Conclusion
Heart attacks and strokes are acute vascular events 

mainly caused by a blood clot that blocks and prevents the 
blood flow to the heart or brain. Coronary atherosclerosis is the 
underlying condition for these acute vascular events. Multiple 
risk factors are involved in the initiation, progression, and 
precipitation of these acute events, although the exact cause 
that triggers these events remains elusive. The Framingham 
Heart Study Group described modifiable risk factors that play 
a role in the development of vascular diseases. Several clinical 
studies have demonstrated that identifying these conventional 
risk factors and managing these risks significantly prevents 
premature mortality due to myocardial infarction. According 
to the experts from the Division of Preventive Cardiology, 
Cleveland Clinic, “90 percent of the heart disease is 
preventable through healthier diet, regular exercise and not 
smoking”. Despite such good news and the encouraging results 
of multiple clinical studies, the global burden of CVDs has 
increased in incidence and prevalence. The prevalence of total 
CVDs nearly doubled from 271 million in 1990 to 523 million 
in 2019, while deaths steadily increased from 12.1 million 
in 1990 to 18.6 million in 2019. Metabolic diseases such as 
hypertension, excess weight, obesity, and T2D increase the 
risk of coronary artery disease. Every major clinical trial has 
demonstrated that management of modifiable risk factors for 
CVD and lifestyle changes significantly reduces premature 
mortality. Yet, we do not see an overall reduction in CVD 
incidence and prevalence worldwide. Maybe it is time to 
focus on reducing, reversing, or preventing metabolic diseases 
rather than focusing on just CVD risk management. In this 
overview, we have briefly discussed some salient cellular and 
molecular mechanisms involved in precipitating thrombotic 
conditions. We have speculated that including emerging risk 
factors in computing the risk stratification may improve risk 
predictability for acute vascular events.
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Abstract
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Introduction
Radiation therapy is one of the most common forms 

of cancer treatment. Ionizing radiation (IR) takes effect by 
indirect or direct action. In direct action, radiation damages 
molecules such as proteins, lipids, and, particularly, DNA, 
resulting in the ending of cell division and proliferation as 
well as necrosis or apoptosis. The indirect action destroys 
the molecules through free radicals, principally by ROS, 
which are derived from the radiolysis of water (Image 
1).(1) There is a wide variety of obstacles that reduce the 

efficiency of radiotherapy. Hypoxia is one of the main 
ones. For most tumors, a significant proportion of tumor 
cells are exposed to hypoxic conditions and, consequently, 
are prone to radioresistance.(2) The dependency of cellular 
responses to IR on the oxygen level has been recognized 
for almost a century.(3,4) IR causes DNA damage either by 
direct ionization or indirectly by DNA interaction of radicals 
formed by ionization of water surrounding DNA, resulting 
in DNA single- or double-strand breaks.(5) The probability 
of permanent IR-induced DNA damage is higher in the 
presence of oxygen than in its absence. In the presence of 
oxygen, ROS are formed, which increase the overall 
concentration of DNA-damaging agents. Numerous studies 
are focusing on elucidating the underlying mechanisms of 
hypoxia-induced radioresistance and developing strategies 

*Correspondence: Juan C. Alamilla-Presuel. Department of 
Radiology and Physical Medicine. Medical Faculty. The University of 
Málaga, Málaga, Spain E-mail: alamillajc@uma.es



18                                     J. C. Alamilla-Presuel / International Journal of Biomedicine 13(3) (2023) 17-30

for radiosensitization. Several studies have demonstrated 
that acute hypoxia increases cell survival and autophagy, 
selecting for cancer cells with stem cell characteristics, and 
making them resistant to radiotherapy.(6-8) To limit hypoxia-
induced radioresistance, several strategies are exploited, such 
as increasing oxygen availability by enhancing blood flow, 
mimicking oxygen, and targeting hypoxic tumor cells.(9)

Improving radio response with radiosensitizers is a 
promising approach in radiotherapy. Radiosensitizers are 
promising agents that enhance injury to tumor tissue in IR. A 
pioneer in this field, G. Adams,(10) classified radiosensitizers 
into five groups based on the mechanisms of their action: 
(1) suppressors of intracellular thiols, or other endogenous 
radioprotective substances, (2) cytotoxic substances formed 
by radiolysis of the radiosensitizer, (3) inhibitors of DNA 
repair, (4) thymine analogs that can incorporate into DNA and 
(5) oxygen mimetics that can imitate the action of oxygen. 
However, the continuous development and innovation of 
new technologies and strategies of radiosensitization forced 
the introduction of a new classification into three categories 
based on sensitizer structures: (1) small molecules, (2) 
macromolecules, and (3) nanomaterials.(1)

Mechanisms of radioresistance involve tumor-
specific oncogenic signalling pathways, tumor metabolism 
and proliferation, tumor microenvironment/hypoxia, and 
genomics. Most adenocarcinomas and sarcomas, advanced 
HNSCC, melanoma, non-SCLC, and gliomas are considered 
radioresistant. Radiosensitive tumors include myeloma, 
SCLC, germ cell tumors, PCa, and breast cancer.

In this review, we considered the use of radiosensitizers, 
including small molecules and nanomaterials, in various 
malignant tumors and the problems and prospects for their 
clinical use in cancer therapy. 

Materials and Methods
We reviewed published data on radiotherapy and 

radiosensitization methods up to 2021, searching through 
PubMed, and references from relevant articles, using search 
terms with suitable keywords. The search terms were “cancer,” 
“ionizing radiation,” “cellular radiosensitivity,” “tumor 
tissue,” “DNA damage,” and “radioresistance.” 

Drugs as Radiosensitizers in Different Types of Cancer

Breast cancer
Breast cancer is the most common cancer in women. 

Triple-negative breast cancer (TNBC) accounts for 10%-15% 
of all breast cancers. TNBC cells, characterized by the lack 
of estrogen and progesterone receptor expression, as well as 
HER2 amplification, are unresponsive to anti-ER or HER2 
targeting agents. TNBC is the most aggressive subtype of 
breast cancer. Radioresistance and stemness are substantial 
obstacles to TNBC treatment. Lehmann et al. identified a 
LAR (luminal androgen receptor) subtype of TNBC, which 
included patients with decreased relapse-free survival and 
was characterized by androgen receptor (AR) signaling. 
LAR cell lines were uniquely sensitive to bicalutamide (an 
AR antagonist). AR is expressed in 15%–35% of all TNBC.
(11) Michmerhuizen et al.(12) studied whether seviteronel (INO-
464), a novel CYP17 lyase inhibitor and AR antagonist, can 
radiosensitize AR-positive (AR+) TNBC models. The authors 
reported that seviteronel could selectively radiosensitize 
AR+ TNBC models in vitro and in vivo. Radiosensitization 
was mediated, at least in part, through the delayed repair 
of dsDNA breaks. The results indicate AR as a mediator of 
radioresistance in AR+TNBC models and seviteronel as a 
radiosensitizing agent in AR+TNBC.

Lung cancer (LC)
Epigenetic alterations can be considered potential 

targets for radiosensitization. This can be achieved through 
the regulation of chromatin structure modifications or through 
epigenetic manipulations of genes involved in the cell cycle, 
apoptosis, or DNA repair. The available data on the association 
between epigenetics and radiosensitivity are sparse and are 
mostly based on in vitro or in vivo data.

A study by Kang et al.(13) aimed to elucidate the 
radiosensitizing effect and underlying mechanism of MA-17, a 
new kind of DNA methyltransferase (DNMT) inhibitor derived 
from a phthalimido alkanamide structure. DNMT expressions 
were confirmed in cultured human LC (A549) cells. MA-17 
significantly radiosensitized A549 cells. Pretreatment with 
MA-17 increased sub-G1 fractions and inhibited the repair of 
double-strand breaks (DSBs) in DNA induced by irradiation. 
MA-17 also down-regulated DNA homologous recombination 
and the Fanconi anemia pathway (FANCA, BRCA1, and 
RAD51C) in A549 cells. DNMT inhibitor MA-17 possessed 
both biostability and favorable and substantial radiosensitizing 
effects by augmenting apoptosis or inhibiting DNA damage 
repair.

SCLC, a high-grade neuroendocrine carcinoma, makes 
up about 15% of LC cases. As an aggressive malignancy, 
SCLC has a critical need for novel therapies. Laird and 
colleagues(14) studied whether PARP inhibition could sensitize 
SCLC cells to IR. For radiosensitization, poly-ADP-ribose 
polymerases (PARP1/2) inhibitors veliparib and talazoparib 
were examined. Short-term viability assay and clonogenic 
survival assays were used to assess radiosensitization in 6 
SCLC cell lines. Both PARP inhibitors effectively sensitize 
SCLC cell lines and PDXs to IR. However, talazoparib 
exhibited greater PARP-trapping activity that was associated 
with superior radiosensitization, and an increased number of 

Image 1. Radiation damage to DNA.
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DNA DSBs. Thus, PARP inhibitors, especially those with 
high PARP-trapping activity, may improve the efficacy of 
radiotherapy in SCLC.

PARP1 and PARP2 are important DNA damage sensors 
as they bind rapidly at the site of DNA damage and help in 
resealing single-stranded DNA breaks during break excision 
repair and for the repair of the topoisomerase-1 cleavage 
complex.(15,17) Since PARP plays an important role in response 
to DNA damage, and radiation leads to double-stranded 
breaks, examining whether PARP inhibitors act synergistically 
with radiation is relevant.

 Hastak et al.(18) examined the effects of a new PARP 
inhibitor, LT626, in combination with IR in lung and 
pancreatic cancers. The combination of LT626 with IR was 
more effective in inhibiting growth in lung and pancreatic 
cancer cell lines than either treatment used alone. Using in 
vivo LC xenograft models, the researchers demonstrated 
that LT626 functioned as an effective radiosensitizer during 
fractionated radiation treatment. Overall, in vitro and in vivo 
studies showed that LT626 acted synergistically with radiation 
in lung and pancreatic cancers. 

Esophageal cancer 
Esophageal cancer (EC) is divided into two subtypes, 

esophageal adenocarcinoma (EAC) and squamous cell 
carcinoma (SCC). Altered mitochondrial function is linked 
with radioresistance in EAC. Buckley et al.(19) identified 
compounds with antiangiogenic and antimetabolic activity 
targeting oxidative phosphorylation to improve radiosensitivity 
in EAC cells from pyrazinib (P3)-containing molecules. The 
results show that in addition to reducing metabolic rates 
and levels of ROS in EAC, P3 improved radiosensitivity in 
an isogenic model of this cell type. P3, which had shown an 
antiangiogenic and antimetabolic effect in zebrafish, showed a 
reduction tested survival fraction of the cells. Furthermore, P3 
also reduced the secretion of interleukins in cells with EAC. 
Further studies with P3 via EAC biopsies or other non-in vitro 
methods are important to elucidate the therapeutic potential of 
P3 further.

The enzyme ribonucleotide reductase (RR) contains the 
RRM2 subunit, whose overexpression is related to the cellular 
response to DNA damage, and this can lead to angiogenesis, 
metastasis, tumor progression, and drug resistance or 
radioresistance. Osalmid has been shown to inhibit RRM2 
by binding to the latter’s hydrogen bond. However, its 
radiosensitizing effects are unknown. In a study by Tang et al.,(20) 
RRM2 was found to be associated with acquired radioresistance 
in EC, and osalmid exerted direct cytotoxicity on EC cells. 
Immunofluorescence assays showed that osalmid treatments 
alone induce DNA DSBs. Moreover, an analysis by western 
blot showed that the combination of osalmid and IR induced 
many DSBs. Colony formation assays showed that osalmid 
treatment increased radiosensitivity in EC cells. Furthermore, 
the osalmid and irradiation combination significantly increased 
the apoptosis rate of EC cells, compared to irradiation or 
osalmid. Osalmid was identified to have antitumor effects and 
improved the therapeutic efficacy of radiation in EC. 

Human epidermal growth factor receptor 2 (HER2) is 
involved in many types of cancer, including EC. Pirotinib is 

an irreversible inhibitor of HER2 that, in a novel experimental 
setting, has shown an antitumor effect in breast xenograft 
models that overexpress HER2. However, whether this drug 
can have an antitumor effect on the esophagus is still unknown. 
To this purpose, Lian et al.(21) performed a study to analyze the 
effect of pirotinib combined with radiotherapy on EC cells that 
were HER2-positive. The results showed that, unlike treatment 
with radiation alone, irradiated cells combined with pirotinib 
showed notably reduced colony formation; this indicated that 
pirotinib enhanced the radiation-inhibitory effect on colony 
formation in cell lines used. Pirotinib sensitized HER2-positive 
EC cells to radiation, which enhanced the antiproliferative 
effect of radiation. These findings are expected to provide a 
new strategy for the application of new drugs to treat EC. 

ESCC tumors develop resistance to radiotherapy; this 
explains the metastasis, high recurrence, and poor five-year 
survival of patients with this condition. There are study 
reports that astaxanthin (ATX), a carotenoid family member, 
is a beneficial agent for therapy in many kinds of diseases due 
to its strong antioxidant property. It has had good results in 
treating various types of cancer. However, there still needs 
to be more information regarding the ATX effect on ESCC 
cells’ radiosensitivity, and there are no reports yet on the exact 
mechanisms. To this end, a study by Qian et al.(22) was designed 
to discover if ATX could improve ESCC cells’ sensitivity 
to irradiation and the possible mechanism in vitro, showing 
important evidence for this drug as a radiosensitizer in ESCC 
radiotherapy. ESCC cell lines were exposed to irradiation in 
the presence or absence of ATX treatment. It was shown that 
ATX improved the radiosensitivity of ESCC cells and induced 
apoptosis and G2/M arrest via inhibiting Bcl2, CyclinB1, 
Cdc2, and promoting Bax expression. ATX appears to be a 
novel radiosensitizer with promising results for the treatment 
of ESCC, and further research is warranted.

Sunitinib is a highly selective, multidirectional, 
receptor tyrosine kinase inhibitor; it has direct apoptotic and 
antiproliferative effects against various tumors. But there is 
very little information regarding radiosensitization in EC. 
Ding et al.(23) investigated the radiosensitive effects of sunitinib 
on human ESCC cells and the underlying mechanisms. ESCC 
cells were exposed to hypoxia and, before IR, were treated 
with sunitinib at different concentrations. Sunitinib enhances 
radiation-induced apoptosis in both normoxic and hypoxic 
ESCC cells. Compared with that of the hypoxia and IR groups, 
the apoptosis rate of the group treated with sunitinib increased 
dose-dependently. The authors found that the sunitinib 
radiosensitivity effect was associated with the downregulation 
of HIF-1α and VEGF expression and concluded that sunitinib 
could be a promising radiosensitizer for EC radiotherapy.

Prostatic cancer (PCa)
Genistein is a tyrosine-specific protein kinase inhibitor, the 

best-characterized bioflavonoid-based topoisomerase II poison, 
which inactivates EGFR, IGF1R, and Akt-mediated signaling. 
Type II topoisomerases generate double-stranded DNA breaks 
as part of their reaction mechanism.(24-27) Tyrosine kinase 
inhibitor (tyrphostin) AG1024 is a specific IGF1R inhibitor, 
and it has been reported that this inhibitor radiosensitizes 
prostate and breast cancer cells. Nevertheless, there is not 
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much information about PCa cells’ radiosensitivity to 
combined treatment with AG1024 and genistein. To 
this end, Tang et al.(28) studied the synergistic effect of 
combined therapy with genistein and AG1024 on the PCa 
cell’s radiosensitivity. Genistein treatment suppressed the 
homologous recombination (HRR) and the non-homologous 
end joining (NHEJ) pathways by inhibiting the expression 
of Rad51 and Ku70, and AG1024 treatment only inhibited 
the NHEJ-pathway via the inactivation of Ku70 detected 
in western blot analysis. Before irradiation, PCa cells were 
treated with AG1024, genistein, and a combination. The 
results show that the combined treatment with genistein 
and AG1024 improves X-radiation-induced apoptosis in 
the human PCa cell lines PC3 and DU145. Using western 
blot analysis, the authors detected the increased expression 
of ATM(Ser1981), Bax, and active caspase-3 and decreased 
expression of p-IGF1R(Tyr1135) and Bcl-2 in PC3 and 
DU145 cells treated with genistein (30 µM) and/or AG1024 
(10 µM) plus X-irradiation. The results obtained suggest 
that both genistein and AG1024 induced apoptosis of PCa 
cells via the activation of apoptosis-related pathways, which 
may be associated with the inactivation of IGF1R, and the 
combination of genistein and AG1024 exhibited a synergistic 
effect on the radiosensitivity of PCa cells by suppressing the 
HRR and NHEJ pathways.

Colon cancer
Imidazoacridinone C-1311 is a multipurpose therapeutic 

agent tested in patients with advanced solid tumors. It was found 
that C-1311 possesses an acceptable toxicity profile. C-1311 
inhibits topoisomerase, leading to subsequent DNA strand 
breaks and the formation of cleavable complexes of DNA-
topoisomerase II complexes. Skwarska et al.(29) conducted a 
study to assess the effect of the p53 tumor suppressor on the 
biological response to C-1311 using the genetically matched 
pair of human colon carcinoma cell lines, HCT116p53+/+ 
and HCT116p53−/−. Using human colon cancer cell lines, 
the authors provided a molecular analysis of the response to 
C-1311 exposure and showed that cells with wild-type p53 
underwent p53-mediated G2 phase arrest and, ultimately, 
senescence; in contrast, cells lacking p53, despite an initial 
arrest in G2, entered mitosis and underwent mitotic catastrophe 
and apoptosis. In addition, cells in hypoxic conditions also 
responded to C-1311 in a p53-dependent manner. The most 
important result was that C-1311 can be effectively combined 
with radiation to improve the radiosensitivity of a panel of 
cancer cell lines.

Lithium chloride (LiCl) is a specific glycogen synthase 
kinase (GSK)3β inhibitor. This medicine is helpful in treating 
neurological diseases, cancer, and inflammation. Cammarota 
et al.(30) investigated the effect of LiCl treatment on the viability 
of primary colon cancer cells exposed to 7 Gy delivered by 
highenergy photon beams. To achieve this aim, the viability 
of irradiated T88 cells, mesenchymal colon cancer cells, was 
compared with that of irradiated T88 cells pretreated with 
LiCl. The authors demonstrated that T88 mesenchymal colon 
cancer cells are resistant to radiotherapy, and LiCl sensitizes 
these cells to apoptosis in response to high-energy photons. 
The decrease in cell viability was greater with combined 

therapy than with irradiation alone. The authors concluded 
that LiCl could be used to increase the sensitivity of resistant 
colon cancer cells to radiotherapy. 

Celecoxib is a nonsteroidal anti-inflammatory drug, 
specifically a COX-2 inhibitor. Celecoxib showed anti-cancer 
effects in both COX-2 dependent and independent pathways 
and is used as a radiosensitizing enhancer. BI-69A11 is 
an ATP-competitive AKT inhibitor. Because both COX-2 
and AKT inhibitors can enhance the effects of radiation on 
cancer cells, it is believed that combined treatment of both 
inhibitors may significantly radiosensitize cancer cells. 
Pal and colleagues(31) did research in which the effects of 
combined treatment with celecoxib and BI-69A11 on the 
colon cancer cells’ radiosensitivity were evaluated to define 
whether this combination is beneficial for patients treated 
with radiotherapy. Triple therapy treatment led to the induced 
activation of apoptotic pathways. The authors revealed the 
therapeutic potential of triple combination therapy in the 
prevention of radioresistance and demonstrated the cytotoxic 
effects of triple combination therapy in colon cancer. 

Pancreatic ductal adenocarcinoma (PDAC)
Gemcitabine is an antineoplastic agent currently used to 

treat several types of cancer, including pancreatic cancer. The 
use of gemcitabine as a radiosensitizer has shown promising 
results. In different experimental models, the p38 MAPK 
signaling pathway has been shown to be a major determinant 
in the cellular response to gemcitabine. However, the 
molecular mechanism implicated in gemcitabine-associated 
radiosensitivity remains to be investigated. A study by 
Pascual-Serra et al.(32) showed that the specific knockdown of 
MAPK11 (p38β) induced a total loss of the radiosensitivity 
associated with gemcitabine, as well as a marked increase 
in the resistance to the drug. The authors identified p38β 
as a major determinant of the radiosensitizing potential of 
gemcitabine.

Gemcitabine is widely used as a radiosensitizer for 
PDAC treatment and is known to induce S-phase arrest of 
tumor cells, which is a cell cycle phase known to sensitize cells 
to DNA damage, one of the mechanisms of cell death induced 
by radiotherapy. Waissi et al.(33) performed an in vivo study 
and a whole-transcriptome analysis to determine whether 
treatment with gemcitabine, combined with proton therapy and 
reinforced by DNA-damage radiosensitization using a PARP 
inhibitor, olaparib, is a viable strategy to improve the treatment 
of PDAC. NMRI mice bearing MIA PaCa-2 xenografts were 
treated with olaparib and/or gemcitabine and irradiated with 
10Gy photon or proton. The results obtained showed that 
the association of gemcitabine, olaparib, and proton therapy 
significantly enhanced tumor response and progression-free 
survival in a heterotopic xenografts mice model.

Vance et al.(34) demonstrated that combined inhibition 
of homologous recombination repair mediated by checkpoint 
kinase-1  [Chk1] via AZD7762  and PARP1 [via olaparib 
(AZD2281)] selectively radiosensitizes p53 mutant pancreatic 
cancer cells. 

Nasopharyngeal carcinoma (NPC)
Salinomycin is a monocarboxylic polyether antibiotic 

that kills many types of microorganisms. It has also shown 
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great efficacy in killing cancer stem cells. However, the 
information on radiosensitivity is rare. A study by Zhang et 
al.(35) aimed to explore the radiosensitivity of salinomycin on 
human NPC cell line CNE-2. CNE-2 cells were treated with 
salinomycin or irradiation, alone or in combination. DSB 
levels were determined by γ-H2AX foci immunofluorescence 
staining in CNE-2 cells at different time points after X-ray 
exposure. The combination of salinomycin treatment and 4-Gy 
X-rays increased γ-H2AX nuclear foci formation, compared 
with X-rays alone. Nuclear foci without salinomycin increased 
due to DBS repair. Salinomycin induced apoptosis and G2/M 
arrest, increased Bax and cleaved caspase3, decreased Bcl-2 
expression, and increased the formation of γ-H2AX nuclear 
foci. The authors concluded that salinomycin may be a 
radiosensitizer for NPC radiotherapy.

Liver cancer 
HCC is the most common form of liver cancer and the 

third most common cause of cancer deaths worldwide. Some 
studies have reported that chemotherapy agents can be used 
as radiation sensitizers in the treatment of HCC.(36,37) The 
phenanthroline derivatives and their metal complexes have 
been recognized as potential anticancer candidates because 
they have a strong affinity with DNA and are safer and more 
efficient for further cancer therapy.(38) Liu et al.(39) synthesized 
a phenanthroline derivative, 2-phenyl-imidazo [4, 5 f] [1, 10] 
phenanthroline (L02), and combined it with X-ray radiation 
to investigate whether it can enhance the radiosensitivity in 
inhibiting HCC cells. The radiosensitization of L02 combined 
with IR was evaluated by the sensitivity enhancement ratio 
and isobolographic analysis.  L02 sensitized HCC cells to IR 
by inducing apoptosis, increasing the expression of apoptosis 
markers, and enhancing radiation-induced DNA damage. The 
authors concluded that L02 may be a novel radiosensitizer 
for HCC. 

Apatinib, a highly selective inhibitor of the vascular 
endothelial growth factor receptor-2 (VEGFR2) tyrosine 
kinase, has a good inhibitory effect on advanced HCC.(40) In 
HCC, apatinib can induce cell cycle arrest at the G2/M phase, 
promoting apoptosis of HCC cells in vitro, and its inhibitory 
effect is related to the expression level of VEGFR.(41) In 
SMMC-7721 cells, apatinib promoted apoptosis by inhibiting 
the phosphorylation level of PI3K/AKT.(42) The combination of 
this drug with chemotherapy and immunotherapy has shown 
progress. Liao et al.(43) investigated the potential clinical utility 
of apatinib as a radiosensitizer in the treatment of HCC. The 
findings revealed that apatinib enhanced the radiosensitivity 
of HCC cell lines, suppressed the repair of radiation-induced 
DNA DSBs, and increased IR-induced apoptosis. Apatinib 
radiosensitized HCC via suppression of the IR-induced PI3K/
AKT pathway. In an in vivo study, apatinib combined with 
irradiation significantly decreased xenograft tumor growth. 
Apatinib showed therapeutic potential as a radiosensitizer in 
HCC suppressing PI3K/AKT signaling pathway.

Head and neck cancer
Most head and neck cancers are squamous cell cancers. 

Human papillomavirus (HPV) is a known risk factor for 
head and neck squamous cell carcinoma (HNSCC). p16 
immunohistochemistry is a widely used method to detect 

HPV positivity in cancer. The tumor suppressor gene p16, 
encoding a specific inhibitor of cyclin-dependent kinase 
(CDK) 4 and 6, is found to be altered in various cancers. It 
is thought that expression of p16 in HPV-positive HNSCC 
mediates radiosensitivity via inhibition of CDK 4/6. Göttgens 
and colleagues(44) used a clinically approved CDK4/CDK6 
inhibitor, palbociclib, and assessed its effect on radiosensitivity 
in HPV-negative and HPV-positive HNSCC cell lines. The 
study results showed that only HPV-negative HNSCC cells 
were radiosensitized by palbociclib, which was dependent on 
the presence of hyperphosphorylated retinoblastoma protein. 
Palbociclib was an effective radiosensitizer at hypoxia levels 
that are associated with radiation resistance. The combination 
of IR and palbociclib was highly effective, leading to the 
loss of cell viability and a failure to repair IR-induced DNA 
damage and subsequent mitotic catastrophe. The combination 
of palbociclib and IR may be an effective therapeutic strategy 
for treating HPV-negative HNSCC.

Bladder cancer (BC)
Approximately 70% of bladder tumors are nonmuscle-

invasive BC; the rest are muscle-invasive BCs. Muscle-
invasive BC (MIBC) is more aggressive than non-invasive 
disease, and approximately 50% of patients with this disease 
will experience distant recurrence following therapy. Inhibitors 
of HDAC have been identified as an effective strategy to 
enhance cancer radiotherapy HDAC inhibitors (HDACi) 
decrease the ability of tumor cells to repair radiation-induced 
DNA damage by interfering with DNA damage signalling and 
repair pathways.(45) In a study by Tsai et al.,(46) the selective 
HDAC6i enhanced BC radiosensitization and effectively 
inhibited IR-induced oncogenic CXCL1-Snail-signalling. 

Paillas et al.(47) studied the HDAC class I-selective agent 
romidepsin as a radiosensitizer in bladder tumors. In vitro, 
romidepsin effectively radiosensitized different BC cells. 
Romidepsin in combination with IR resulted in a significant 
delay in tumor growth and did not increase the severity of acute 
(3.75 days) and late toxicity (at 29 weeks). of normal intestinal 
tissues. The authors suggest that the disruption of DNA repair 
pathways caused by romidepsin is a key mechanism for its 
radiosensitizing effect in BC cells.

Several studies have indicated that tumor survival 
and growth in advanced cancers are related to autophagy. 
Autophagy helps tumor cells to overcome stressful conditions, 
including hypoxia and nutrient deprivation. The inhibition of 
autophagy or knockdown of autophagy genes can result in 
tumor-cell death.(48,49) The relationship between radiotherapy 
and autophagy has not been studied in depth. As apoptosis 
only accounts for 20% or less of radiation-induced cell death, 
other cell death pathways, including autophagy, should also 
be studied.(50) 

A study performed by Wang et al.(51) aimed to investigate 
the radiosensitizing effect of chloroquine in BC, with an 
emphasis on autophagy inhibition and apoptosis induction. 
BC cell lines were irradiated with or without chloroquine. 
The apoptosis rate was measured using Annexin V-FITC/PI 
double staining. To evaluate the activity of autophagy, the 
LC3 II and p62 levels were detected with western blotting 
analysis. Radiation-induced DNA DSBs were measured by 
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the staining of γ-H2AX. Chloroquine alone inhibited the 
proliferation of BC cells in a dose-dependent manner. Low 
cytotoxic concentrations of chloroquine enhanced the radiation 
sensitivity of BC cells. Chloroquine also decreased the repair 
of radiation-induced DNA damage. The accumulation of LC3 
II and p62 protein levels in BC cell lines was increased by 
chloroquine treatment. After irradiation, the expression of 
LC3 II increased, whereas the p62 protein level decreased, 
which suggested that irradiation activated autophagy. The 
expression levels of LC3 II and p62 in the combined treatment 
group were higher than in irradiation alone, indicating that 
chloroquine inhibited autophagy induced by irradiation in BC. 
Inhibiting autophagy and activating apoptosis, chloroquine 
might be a promising radiosensitizer in the radiation therapy 
of BC.

Anticancer drugs and the mechanism of their action at 
the cellular/molecular level are summarized in Table 1.

Nanoparticles and small molecule inhibitors

In the past decade, there has been considerable interest 
in radiosensitization using high atomic number (high-Z) metal 
nanoparticles (NPs).(52,53) Since high-Z metal NPs have a 
higher stopping power for IR than soft tissue, they enhance 
radiotherapy efficacy.(54,55) An enhanced therapeutic effect by 
radiosensitization mediated by high-Z metal NPs has been 
reported in multiple preclinical tumor models, including 
glioblastoma multiforme.(55) Stewart et al.(56) provided the first 
proof for the novel application of bismuth oxide (Bi2O3) as 
a radiosensitizer on the highly radioresistant 9L gliosarcoma 
cell line. The results showed that Bi2O3 NPs increase the 
radiosensitivity of 9L gliosarcoma tumor cells for both kVp 
and MV energies.  

Saberi et al.(57) evaluated the effect of gold nanoparticles 
(GNPs) on radiosensitization enhancement of HT-29 human 
colorectal cancer cells at megavoltage (MV) X-ray energy. 

Table 1.
Anticancer agents and the mechanism of their action at the cellular/molecular level.

Agents Action Source
Huaier G0/G1 phase cell cycle arrest Ding et al. (2016) [78]
Seviteronel Accumulation of DNA DSBs Michmerhuizen et al. (2020) [13]
MA-17 Inhibition of DNMT Kang et al. (2019) [14]
Talazoparib Enzyme inhibition and PARP trapping Laird et al. (2018) [15]
Tanshinone I Differential protein expression Yan et al. (2018) [93]
Diosmetin Inhibition the activated Akt signaling pathway Xu et al. (2017) [97]
Pyrazinib Reduction of ROS levels Buckley et al. (2019) [20]
Osalmid Induction of DNA DSBs Tang et al. (2020) [21]
Sunitinib Downregulation of HIF-1α and VEGF expression Ding et al. (2016) [24]
Pirotinib Innhibition of HER2 Lian et al. (2020) [22]
Astaxanthin Antioxidant property, G2/M phase cell cycle arrest Qian et al. (2017) [23]

Genistein Activation of apoptotic pathways, suppression of the HRR
and NHEJ pathways Tang et al. (2018) [29]

Sinomenine hydrochloride Suppression of expression of double-strand break repair
protein Ku80 and Rad51 and enhancing Chk1 activation Zhang et al. (2018) [80]

Imidazoacridinone C-1311 Topoisomerase inhibition Skwarska et al. (2017) [30]
lithium chloride GSK-3β inhibition, induction of apoptosis Cammarota et al. (2020) [31]
Celecobix COX2 inhibition, activation of apoptotic pathways Pal et al. (2016) [32]
BI-69A11 ATP-competitive AKT inhibitor Pal et al. (2016) [32]
Kaemferol Reduction of clonogenic survival Kuo et al. (2015) [94]
Gencitabine Tumor cell’s S-phase arrest Pascual-Serra et al. (2021) [33]
Salinomycin Induction apoptosis and G2/M phase cell cycle arrest Zhang et al. (2016) [36] 
Phenanthroline L02 Induction apoptosis Liu et al. (2019) [40]
Apatinib Suppression of IR-induced PI3K/AKT pathway Liao et al. 2019 [44]

Mesima Induction of apoptosis, impairment of cell cycle regulation, 
reduction of IR-induced DNA damage repair.   Jeong et al. (2020) [92]

Palbociclib CDK4/6 inhibition Göttgens et al. (2019) [45]
Romidepsin Disruption of DNA repair pathways Paillas et al. (2020) [48]
Valproate HDAC inhibition Stritzelberger et al. 2020 [98]
Chloroquine Inhibition of autophagy and activation of apoptosis Wang et al. (2018) [52]

Lys05 Lysosomal membrane permeabilization and mitochondrial 
depolarization. Zhou et al. (2020) [99]

PI-103 Inhibition of Hsp90 Djuzenova et al. (2012) [105]
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The findings showed that the cell viability was not influenced 
by exposure to different concentrations of GNPs (10-100 
μM). GNPs alone did not affect the cell cycle progression 
and apoptosis. In contrast, GNPs, in combination with 9MV 
radiation, induced more apoptosis. The interaction of GNPs 
with MV energy resulted in a significant radiosensitization 
enhancement, compared with IR alone. The authors concluded 
that GNPs can act as a bioinert material on NT-29 cancer cells, 
and enhancing radiosensitization may be associated with an 
increase in the absorbed radiation dose.

Habiba et al.(58) developed a new type of silver 
nanoparticle composite, PEGylated graphene quantum dot 
(GQD)-decorated Silver Nanoprisms (pGAgNPs), that show 
excellent in vitro intracellular uptake and radiosensitization in 
radiation-sensitive HCT116 and relatively radiation-resistant 
HT29 colorectal cancer cells. Treatment with nanoparticles 
and a single radiation dose of 10Gy significantly reduced the 
growth of colorectal tumors in nude mice and increased the 
survival time compared to treatment with radiation only.

The development of safe nanoparticle-based drug 
carriers to administer the drug directly into tumors and keep it 
there longer is of great interest. Mirjolet et al.(59) investigated 
titanate nanotubes (TiONts) to develop a TiONts-docetaxel 
(DTX) nanocarrier and to evaluate its radiosensitizing efficacy 
in vivo in a PCa mouse model. Tumor growth was significantly 
slowed by TiONts-DTX with IR, compared with free DTX in 
the same conditions. These results suggest that TiONts-DTX 
improved radiotherapy efficacy in PCa.

Over the past few decades, small molecule inhibitors 
(SMIs) have gained acceptance as new therapeutic strategies 
in cancer. SMIs are compounds less than 500Da, targeting 
any part of the molecule, regardless of the location of the 
target in the cell.(60) Flap endonuclease 1 (FEN1), a structure-
specific metallonuclease, is a typical member of the Rad2 
nuclease family. FEN1 plays a critical role in the maturation 
of the Okazaki fragment of DNA replication. It is essential 
to DNA repair pathways, such as base excision repair and 
the polymerase α error editing  (AEE) pathway.(61-64) FEN1 is 
overexpressed in many forms of cancer, and FEN1 inhibitor 
has been reported to enhance the effect of DNA damage-related 
chemotherapy.(65-66) The purpose of a study conducted by Li et 
al.(67) was to determine whether FEN1 inhibitor SC13 could 
enhance the therapeutic effect of IR therapy in cervical cancer. 
The results revealed that FEN1 is overexpressed in HeLa cells 
and can be upregulated further by IR. It was demonstrated that 
FEN1 inhibitor SC13 enhances IR sensitivity of cervical cancer 
in vitro and in vivo, and the beneficial effect was mainly due to 
the impairment of the DNA damage repair mechanism resulting 
from FEN1 inhibition, leading to apoptosis of cancer cells.

To date, evidence has been accumulated that small 
non-coding RNAs, microRNAs (miRNAs), are involved in 
regulating tumor initiation and progression.(68-72) Some studies 
demonstrated that miRNAs can be used as radiosensitizers.
(72,73) Baek et al.(74) showed that overexpression of miR-374 
sensitized human pancreatic cancer cell lines PANC1 and 
MIA PaCa-2 toward carbon ion beam radiation. miRNA miR-
374 can potentially be a new radiosensitizer for carbon ion 
beam radiotherapy.

The mechanisms of the actions of nanoparticles (NP) and 
small molecule inhibitors (SMI) are summarized in Table 2. 

Actions of certain drugs toward apoptotic pathways and 
cellular mechanisms linked to cancer, as well as targets of drugs 
and compounds are presented in Images 2 and 3. 

Table 2. 
Nanoparticles (NP) and small molecule inhibitors (SMI) and the 
mechanism of their action. 

NP/SMI Action Source

Bi2O3 Increasing sensitivity for
both kVp and MV energies

Stewart et al. (2016)
[57]

miR-374 Increasing sensitivity 
to carbon ion beam radiation

Baek et al. (2016) 
[76]

Gold NPs Increasing the absorbed
radiation dose.

Saberi et al. (2017)
[58]

TiONts Reducing tumor growth Mirjolet et al. (2017)
[60]

Silver NPs
(pGAgNPs) Reducing tumor growth Habiba et al. (2019)

[59]
FEN1 
inhibitor
SC13

Impairment of the DNA
damage repair

Li et al. (2019) 
[69]

Image 2. Actions of anticancer drugs toward apoptotic 
pathways and cellular mechanisms linked to malignant 
tumors.

Image 3. Targets of anticancer drugs and compounds.
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Medicinal plants and traditional Chinese medicine
Recently, several natural products showed promising 

anticancer properties. Huaier (Trametes robiniophila Murr) 
is a medicinal fungus of traditional Chinese medicine with 
more than 1500 years of history of clinical application. In 
recent years, potent antitumor effects of Huaier have been 
noted in various neoplastic diseases, including breast cancer, 
HCC, lung cancer, and gastrointestinal cancer.(75) Ding and 
colleagues(76) conducted a study to evaluate the combined 
effects of radiotherapy and Huaier on breast cancer. Using 
HTA 2.0 transcriptome microarray assay, the researchers found 
that Huaier downregulates genes related to the cell cycle, cell 
division, cell cycle phases, and DNA repair. The findings 
obtained suggest that Huaier causes G0/G1 arrest through 
downregulation of cell cycle-regulating proteins in MCF-7 
and MDA-MB-468 cells, prolongs the persistence of γ-H2Ax 
foci after radiotherapy, and interferes with the homologous 
recombination pathway of DNA repair by downregulating 
RAD51. Thus, Huaier may be a promising radiosensitizer for 
treating breast cancer.

N-Butylidenephthalide (BP), extracted from traditional 
Chinese medicine Radix Angelica Sinensis (Danggui), shows 
antitumor activity against various cancer cell lines. Su et al.(77) 

studied BP’s cytotoxic and radiosensitizing effects in human 
breast cancer cells. The terminal deoxynucleotidyl transferase 
dUTP nick end labeling staining (TUNEL assay) detected that 
BP induces apoptosis in breast cancer cells. BP increased the 
radiosensitivity of breast cancer cells as measured by colony 
formation assay and comet assay. The authors concluded that 
BP could be a potential chemotherapeutic and radiosensitizing 
agent for the treatment of breast cancer.

Sinomenium acutum has been used in the treatment 
of neuralgia and rheumatoid arthritis in Asia since ancient 
times. Sinomenine (SIN), a bioactive alkaloid extracted from 
the Chinese medicinal plant Sinomenium acutum, has many 
healing properties both in vivo and in vitro. However, the 
SIN anticancer effects and its water-soluble form, sinomenine 
hydrochloride (SH), have been recently characterized. Zhang 
D. and collaborators (78) assessed the sensitizing efficacy of SH 
in human cervical cancer cells to irradiation, and demonstrated 
it is a potential radiosensitizer. The results of the study showed 
that SH treatment affects the DNA DSB response in cells. 
Likewise, SH was found to suppress the DSB repair protein 
Ku80 and Rad51 expression and enhance Chk1 activation 
induced by irradiation. The results showed that SH was useful 
in radiosensitization through dual pathways, regulation of cell 
cycle checkpoint, and DNA repair.  

Zhang et al.(80) investigated the radiosensitizing effect 
and underlying mechanisms of Cyclocarya paliurus (CP) 
polysaccharide (CPP) on hypoxic A549 and H520 human 
nonsmall cell lung carcinoma cells. CP is a member of the 
Juglandaceae family. CPP is a heteropolysaccharide that 
possesses antioxidant and hypoglycemic effects and antitumor 
activity.(80-82) The study’s results suggested that CPP markedly 
inhibited the viability of hypoxic A549 and H520 cells. 
Combined treatment with CPP and IR enhanced apoptosis of 
hypoxic A549 and H520 cells, suppressed cell proliferation, 
modified the expression levels of hypoxiainducible factor1α, 

survivin, cleaved caspase3, and affected the mammalian target 
of rapamycin (mTOR)/Akt/phosphatidylinositol4,5bisphosp
hate 3kinase (PI3K) pathway. The potential radiosensitizing 
effects of CPP suggest its efficacy in the combined treatment 
of non-small cell lung carcinoma.

Phellinus linteus (Mesima), a tropical basidiomycete 
fungus, is used extensively as a traditional medicine in China, 
Korea, and other Asian countries to treat different diseases, 
including many human malignancies.(83,84) The main biological 
functions of P. linteus include anticancer, antioxidant, anti-
inflammatory, hypoglycemia, and anti-fibrotic.(85-89) Jeong 
et al.(90) examined its potential as a radiosensitizer in HCC 
radiotherapy using human HCC Hep3B and HepG2 cell lines 
and xenograft tumors. Mesima pretreatment significantly 
enhanced HCC cell radiosensitivity in vitro, and Mesima+IR 
significantly reduced xenograft tumor growth and size in vivo 
compared to those with single treatments. Mesima significantly 
enhanced radiotherapy efficiency by inhibiting tumor cell 
survival, inducing apoptosis, impairing cell cycle regulation, 
and reducing radiation-induced DNA damage repair. The 
cell viability rate was reduced significantly for cells treated 
with Mesima before irradiation than those without Mesima. 
The authors demonstrated that the combined treatment likely 
regulated the apoptotic process, including intracellular caspase 
signaling. These findings support the radiosensitizing effects 
of Mesima on HCC cells. 

Tanshinone I (Tan I) is a natural product from Salvia 
miltiorrhiza, showing a broad spectrum of bioactivities, 
including antitumor activity. Yan et al.(91) identified Tan I as 
a potential radiation sensitizer in LC cells. Tan I significantly 
inhibited cell proliferation and clone formation by increasing 
radiosensitivity in radioresistant LC cells, H358-IR and H157-
IR. Tan I suppressed the expression of the pro-oncogenic 
protein phosphoribosyl pyrophosphate aminotransferase 
(PPAT) in H358-IR and H157-IR cells and integrated well into 
the active pocket of the PPAT structure, acting as a potential 
PPAT inhibitor and improving radiation efficiency.

Kaempferol is a flavonol in the flavonoid category and is 
widely distributed in various plant genera, such as delphinium, 
camellia, barberry, and citrus fruits, Kaempferol has been 
reported to be effective against human non-small cell lung 
carcinoma, pancreatic cancer, and glioma cells. Nevertheless, 
the combination of kaempferol and radiation against cancer 
is still being evaluated. Kuo et al.(92) studied the potential 
radiosensitization ability of kaempferol in LC in vitro and 
in vivo. After administering kaempferol, cells were exposed 
to 0 to 12Gys of radiation. Treatment of cells with radiation 
alone was found to have a minimal effect on clonogenic 
survival. However, when kaempferol was administered before 
irradiation, the surviving fraction significantly decreased. 
In an in vivo study, it was observed that the volume of the 
tumor decreased when there was a combination of kaempferol 
and irradiation. This study provided strong evidence that 
kaempferol has potential as a radiosensitizer.

The protein kinase B signaling pathway (PKB/Akt), 
hyperactivated during oncogenesis, is a candidate target for 
cancer therapy.(93) Akt, as an important intracellular signaling 
molecule, is critical for cell survival and growth, especially 
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during cancer progression and radioresistance.(94) Xu et 
al.(95) showed that diosmetin, the aglycone of the flavonoid 
glycoside from olive leaves, citrus fruits, and some medicinal 
herbs, has a promising effect on radiotherapy sensitization. 
Diosmetin could induce G1 phase arrest and thus enhance the 
radiosensitivity of radioresistant A549/IR LC cells. Diosmetin 
also restrains the IR-induced DNA damage repair by inhibiting 
the activated Akt signaling pathway, acting as a potential drug 
for treating radioresistant LC cells.
Miscellaneous

Valproate (VPA) is an antiepileptic that, in addition 
to its anticonvulsant properties, is an effective HDACi, 
which participates in the modulation of chromatin structure 
and gene expression. VPA increases radiation sensitivity 
in various tumor cells in vitro. However, clinical data on 
the possible improvement of tumor control by adding VPA 
to tumor therapy is controversial. To determine individual 
radiosensitivity, Stritzelberger et al.(96) analyzed blood 
samples of individuals taking VPA. Ex vivo irradiated blood 
samples of 31 adult individuals with epilepsy were studied 
using 3-color fluorescence in situ hybridization. Aberrations 
in chromosomes 1, 2, and 4 were analyzed. Radiosensitivity 
was determined by the mean number of breaks per metaphase 
(B/M) and compared with healthy donors of the same age. The 
average B/M value was higher in the patient group than in 
healthy individuals  (0.480±0.09 vs. 0.415±0.07; P=0.001). 
The portion of radiosensitive  (B/M>0.500) and distinctly 
radiosensitive  (B/M>0.600) individuals was increased in the 
VPA group (54.9% vs. 11.3% and 9.7% vs. 0.0%; P<0.001). 
The authors confirmed that patients treated with VPA had an 
increased radiosensitivity, compared to the control group. 

Hydroxychloroquine (HCQ) is a drug that shows 
effectiveness in many types of tumors. Lys05, dimeric 
chloroquine, is a newly synthetic lysosomotropic agent that 
accumulates in the lysosome and blocks autophagy more 
potently than hydroxychloroquine. Zhou and colleagues 

(97) studied whether Lys05 has anti-glioma activity. The 
researchers found that Lys05 decreased cell viability and 
reduced cell growth of glioma U251 and LN229 cells. After 
Lys05 treatment, autophagic flux was inhibited and lysosome 
function was impaired. In addition, Lys05 caused lysosomal 
membrane permeabilization (LMP) and mitochondrial 
depolarization. It was concluded that Lys05 increased 
radiosensitivity in an LMP-dependent manner. 

Over the last decade, heat-shock protein 90 (Hsp90) has 
gained increasing interest as a promising anticancer drug target.
(98,99) Hsp90 inhibitors can enhance the sensitivity of tumor 
cells to the effect of IR in vitro. Several studies have identified 
Hsp90 as a potential molecular target for radiosensitization.
(100,101) Stingl et al.(102) showed that NVP-AUY922, a novel 
inhibitor of Hsp90, enhances the effect of IR on tumor cells 
under normoxic conditions. In a study by Djuzenova CS et 
al.,(103) the clonogenic assay revealed that in lung carcinoma 
A549 and glioblastoma SNB19 cell lines, NVP-AUY922 
enhanced the radiotoxicity under hypoxic exposure to a level 
like that observed under oxic conditions. These findings may 
have implications for the combined modality treatment of 
solid tumors. 

Kudryavtsev et al.(104) studied the role of the inducible 
Hsp70 in the cellular response to radiosensitizing treatments 
with the Hsp90 inhibitors. Cell lines derived from solid tumors 
of different origins were treated with the Hsp90 inhibitors or/
and γ-photon radiation. The authors found that the Hsp90 
inhibitors yielded considerable radiosensitization only when 
they caused early and pronounced Hsp70 induction; moreover, 
a magnitude of radiosensitization was positively correlated 
with the level of Hsp70 induction. It is obvious that targeting 
the Hsp70 induction in Hsp90 inhibitor-treated cancer cells 
may enhance the radiosensitivity of tumor cells. 

There are many reports on the anticancer effects of 
chitooligosaccharides (COS);(105-108) however, there is very little 
information on their radiosensitizing effects. Han et al.(109) 
investigated the anti-proliferation and radiosensitization 
effect of COS on human colon cancer cell line SW480. The 
RAY+COS group was treated with 1.0mg/mL of COS for 
48h; the RAY and RAY+COS groups were exposed to X-ray 
at 0, 1, 2, 4, 6, and 8Gy, respectively. The apoptosis rate was 
significantly higher in the RAY+COS group than in the RAY 
group. The percentage of cells in the G2/M phase was higher, 
and the percentage of cells in the S phase and G0/G1 phase 
was lower in the RAY+COS group than in the RAY group. The 
study indicated that COS can enhance the radiosensitization of 
SW480 cells, inducing apoptosis and G2/M phase arrest. 
Alternative diagnostic approaches and new therapeutic 
strategies in cancer treatment

Over time, more evidence has been discovered 
that radiosensitizing effects may be genotype-dependent, 
requiring predictive biomarkers for proper patient selection. 
Unfortunately, survival clonogenic assays are not suitable for 
the large cell lines that would be needed to identify tumor 
genotypes correlated with sensitivity to IR/drug combinations 
due to the poor ability of the human cancer cell lines to 
form colonies and the paucity of resources to conduct these 
assays. Liu Q. et al.(110) hypothesized that short-term assays 
could provide a change measure of the change in cellular 
radiosensitivity caused by a targeted drug if the drug, within 
a few days following irradiation, alters the cell inactivation 
mode, such as senescence, apoptosis, or autophagy. The 
authors conducted screening of 32 cancer cell lines using 
18 targeted therapeutic agents with known or putative 
radiosensitizing properties. The cell number remaining after 
drug exposure with or without radiation was assessed by 
nonclonogenic assays. To genetically screen for mechanisms 
of radiosensitization of the multi-kinase inhibitor midostaurin, 
the drug was administered to 5 LC cell lines. Four of the 
top 5 cell lines radiosensitized by midostaurin (SRF2Gy of 
1.02–1.13) harbored KRAS mutations in codons 12 and 
13. In contrast, cells with wild-type KRAS did not show 
radiosensitization. KRAS mutations (codons 12/13) were 
found to be a biomarker of radiosensitization by midostaurin 
in LC. Data highlight the potential clinical significance of this 
type of screening. 

Cyclin-dependent kinases (CDKs) are key regulatory 
enzymes involved in cell proliferation. They regulate cell 
cycle checkpoints and transcriptional events in response to 
extracellular and intracellular signals. The crucial function of 
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CDKs in cell cycling and DNA damage repair and frequent 
aberrations of their activities in cancer encouraged an intensive 
screening for small-molecule CDK inhibitors. CDK9 is one of 
the most important transcription regulatory members of the 
CDK family. Storch et al.(111) evaluated the significance of 
CDK9 inhibition using siRNA technology and a multi-target 
tumor growth inhibitor ZK 304709 for the radioresponse 
in a panel of HNSCC cell lines. Upon either CDK9 small 
interfering RNA knockdown or treatment with ZK304709, the 
authors examined colony formation, DNA DSBs, apoptosis, 
cell cycling, and expression and phosphorylation of major cell 
cycle and DNA damage repair proteins. The results indicated 
that CDK9 overexpression mediated radioprotection; in 
contrast, CDK9 depletion enhanced the radiosensitivity of 
HNSCC cells without induction of apoptosis. ZK304709 
showed concentration-dependent cytotoxicity but failed to 
radiosensitize HNSCC cells. The authors suggested a potential 
role of CDK9 in the radiation response of HNSCC cells. 

G2 and S phase-expressed 1 (GTSE1), a cell cycle-
related protein regulating G1/S cell cycle transition,(112) is 
also closely associated with DNA repair. The response of 
GTSE1 to IR remains uncovered. A study by Lei et al.(113) 
aimed to elucidate the radiosensitizing effects in non-SCLC 
via knockdown GTSE1 expression. The researchers found 
that radiation could induce GTSE1 to be recruited to DSB 
site and initiate DNA damage response. The knockdown of 
GTSE1 expression in non-SCLC cells by siRNA significantly 
inhibited the proliferation, promoted apoptosis after IR, and 
enhanced radiosensitivity in NSCLC, impairing the DNA 
damage repair process.

Conclusion
Recently, radiotherapy has developed rapidly, taking on 

an increasingly prominent role and position in cancer treatment. 
Improving radio response with radiosensitizers is a promising 
approach. Several strategies have been used to develop highly 
effective and low toxicity radiosensitizers, including small 
molecules, macromolecules, and nanomaterials. Manipulation 
of genes involved in radiation resistance represents an 
important approach to therapeutic intervention in cancer. 
The combination of radiotherapy with gene therapy provides 
a promising strategy to modify the radiation response and 
overcome the radioresistance of tumor cells. However, despite 
significant advances in the development of radiosensitizers, 
there is a need to search for new targets for radiotherapy and 
new mechanisms of sensitization, as well as the development 
of more effective radiosensitizing drugs.
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Introduction
Currently, radiotherapy has been identified as the most 

common cancer treatment. However, the efficacy of this 
treatment modality is low in several malignancies due to 
the resistance of cancer to radiation. Multiple mechanisms, 
including cell-cycle checkpoint function, DNA repair, and cell 
death pathways, modulate the radio-responsiveness of cancer 
cells. This review considered the role of p53, cancer stem cells 
(CSCs), and cellular senescence in radiation response.

We reviewed published data on the role of p53, cancer 
stem cells, and cellular senescence in radiation response up to 
2022, searching through PubMed, and references from relevant 
articles, using search terms with suitable keywords. The search 
terms were “cancer,” “ionizing radiation,” “cancer stem cells,” 
“tumor protein p53,” “DNA damage,” “cellular senescence,” 
and “radioresistance.”

 Role of TP53 mutations in human cancer 
and resistance to radiotherapy

In cancer, the TP53 (tumor protein p53) gene is one of 
the most mutated genes, and it is essential to find out the role 
that this gene plays in radioresistance. The TP53 gene encodes a 
tumor suppressor protein, p53, a transcription factor, regulating 
downstream genes involved in cell-cycle arrest, DNA repair, and 
programmed cell death (apoptosis) (Image 1). Regulation of the 
apoptotic function of p53 is associated with selective activation 
of apoptotic target genes. p53 is considered the “guardian of the 
genome” to prevent the accumulation of oncogenic mutations 
that lead to malignant tumors.(2) TP53 mutations occur in 
about half of all human cancers, almost always resulting in the 
expression of a mutant p53 (mutp53) protein.(3,4) Mutational 
inactivation is considered one of the most common molecular 
mechanisms behind the dysfunction of p53. TP53 mutations 
are distributed in all coding exons of the TP53 gene; 95% of 
mutations have been detectable within the genomic region 
(exons 5–8) encoding the DNA-binding domain of p53.(5) Of the 
mutations in this domain, the six amino acid residues are most 
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frequently mutated in human cancers, including Arg-175, Gly-
245, Arg-273, and Arg-282.(6) These mutations found within the 
DNA-binding domain of p53 disrupt its proper conformation, 
and thus the mutp53 is defective in the sequence-specific 
transcriptional activation and has oncogenic potential.(7,8) While 
wild-type p53 is a very short-lived protein in the absence of 
stress, these missense mutations result in the production of a 
full-length, altered p53 protein with a long half-life.(9) Mutp53 
acts as a dominant-negative inhibitor toward wild-type p53.(8) 

Mutp53 exhibits a radioresistant phenotype. Mutp53 
proteins regulate the expression of several radioresistant 
genes.(10) Mutp53 activates the expression of NRF2, which 
is known to confer both chemo- and radioresistance.(11,12) 
Furthermore, in cells with wild-type p53, DNA damage 
caused by radiation therapy and most chemotherapeutic 
agents can lead to p53 accumulation and apoptosis. Loss 
of p53 function confers impaired apoptosis. Some Mutp53s 
have been reported to inhibit caspase-9 and p63/73-dependent 
induction of Bax and Noxa, contributing to the anti-apoptotic 
effects of mutp53 and the insensitivity of mutp53-containing 
cells to radiotherapy and chemotherapy.(13-15) Mutp53 
proteins play a vital role in the formation and maintenance 
of CSCs,(16) which are known to play an important role in the 
development of radioresistance.(17,18) Wild-type p53 has been 
reported to repress the expression of several CSC markers, 
including CD44, c-KIT, NANOG, and OCT4. In contrast, 
mutp53 is associated with loss of repression of these CSC 
markers, subsequent CSC transformation, and increased 
radio- and chemoresistance.(19) Thus, the TP53 gene is an 
important marker in determining the fate of cells before 
applying radiotherapy or some other treatment. 

p53 molecular interactions 
 Melanoma is a type of cancer considered radioresistant. 

However, radiotherapy can be used as a complementary 
treatment for patients with advanced nodal disease, and that 
could reduce the risk of tumor prolapse. Melanoma resistance 
to radiotherapy can occur due to activation of the constitutive 
MAPK signaling pathway. Another cause of cancer 
radioresistance is p53 inactivation since wild-type p53 plays 
an important role in radiosensitization. In melanoma, p53 is 
rarely mutated, but the WT p53 is inactivated frequently. The 

melanoma cells’ resistance to radiotherapy may very well be 
related to the MAPK pathway constitutive activation and/or 
to the p53 inactivation in approximately 90% of melanomas. 
Krayem et al.(20) carried out a study to evaluate in vitro and in 
vivo the effect of combining reactivation of p53 with MAPK 
inhibition on the efficacy of RT in BRAF-mutated melanoma 
with intrinsic and acquired resistance to BRAF inhibitors. To 
evaluate the benefit of combining RT with p53 activation and 
MAPK inhibition, a workflow was designed where melanoma 
cells were irradiated one day after drug exposure with one single 
dose of 2 Gy, 5 Gy, or 10 Gy. Protein analysis was done one 
day after irradiation to assess the direct effect of irradiation and 
effectors (vemurafenib and PRIMA-1Met). The combination 
of BRAF inhibition (vemurafenib, which completely shuts 
down the MAPK pathway) with p53 reactivation (PRIMA-
1Met) significantly enhanced the radiosensitivity of BRAF-
mutant melanoma cells. In contrast, radiation alone markedly 
promoted ERK and Akt phosphorylation, thus contributing to 
radioresistance. The combination of vemurafenib and PRIMA-
1Met caused the inactivation of both MAPK kinase and PI3K/
Akt pathways, and in combination with radiotherapy, it was 
able to significantly enhance melanoma cell radiosensitivity. 
The authors concluded that combining MAPK inhibition with 
p53 reactivation significantly enhances the radiosensitivity of 
melanoma both in vitro and in vivo. 

In radiotherapy, using radioprotectors and 
radiosensitizers is an interesting strategy for alleviating 
adverse effects on normal tissues and reducing tumor 
resistance. Melatonin is a natural human hormone that 
shows protective properties against the toxic effects of 
chemotherapy and radiotherapy. Farhood et al.(21) conducted 
a review to clarify the mechanisms by which melatonin acts 
as a radioprotectant and radiosensitizer. Some in vitro studies 
have shown that melatonin has potent antitumor activity when 
used in conjunction with radiation. The mechanisms of its 
radiosensitive effect obviously involve activation of p53 by 
inhibition of MDM2, changes in the metabolism of tumor cells, 
suppression of DNA repair responses, and a number of other 
mechanisms. Additionally, SIRT1 suppression by melatonin is 
another pathway for p53-mediated apoptosis. The inhibition of 
COX-2 by melatonin plays an important role in p53-mediated 
apoptosis. During inflammation due to exposure to radiation, 
the expression of COX-2 and apoptotic genes such as iNOS 
and NF-kappaB is increased. The inhibition of these genes can 
sensitize tumor cells to radiotherapy. Melatonin can help to 
heal acute reactions during radiotherapy in organs like bone 
marrow, skin, and the gastrointestinal tract. 

Human mitochondrial transcription factor A (TFAM) is 
needed for mitochondrial DNA replication and transcription, 
which are essential for mitochondrial biogenesis.(22,23) Inhibition 
of TFAM in OSC-2 cells leads to a decrease in cell viability and 
a pronounced induction of apoptosis after gamma irradiation.
(24) P53 interacts with the TFAM promoter to activate TFAM 
transcription and binds to TFAM, thereby regulating cell 
death.(25-27) TFAM may influence ROS production and further 
influence cell proliferation and death by directly regulating 
mitochondrial electron transport chain (ETC) proteins.(28) 
TIGAR (TP53-induced glycolysis and apoptosis regulator) 

Image 1. Three essential functions of a tumor suppressor protein p53.
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promotes the pentose phosphate pathway and helps reduce 
intracellular ROS.(29,30) Jiang et al.(31) investigated how TFAM 
affects the sensitivity of tumor cells to IR and found that 
attenuated expression of TFAM slows tumor cell proliferation 
by causing G1/S phase arrest. A decrease in TFAM expression 
led to the inhibition of p53/TIGAR signaling, which further 
led to an increase in mitochondrial superoxide production 
and DSB DNA levels in irradiated tumor cells, regulating the 
sensitivity of tumor cells to radiation.

The aberrant gain of function identified in mtp53 has 
been shown to promote tumorigenesis; however, many 
downstream effects of mtp53 are still unknown.(32) A study 
by Gomes et al.(33) showed that the insulator protein CTCF 
(CCCTC-binding factor) plays a key role in suppressing the 
apoptotic p53 response by acting as a gene-specific repressor. 
Qu et al.(34) demonstrated that otopetrin 2 (otop2) plays an 
important role in the development of colorectal cancer (CRC). 
The authors determined that otop2 is an important functional 
candidate in CRC oncogenesis and demonstrated that p53 
plays an important role in governing the otop2 transcription 
process by reprogramming the CTCF binding status and 
altering chromatin architecture.

Wu et al.(35) found an interaction between p53 and 
RAD18, a central regulator of translesion DNA synthesis, 
which is highly expressed in glioma cells and reduced cell 
radiosensitivity to ionizing.(36) Investigating the effects and 
mechanism of RAD18 in the radiation resistance of glioma and 
studying the role of p53 in this process, researchers showed 
that RAD18 functions as a promoter in glioma progression and 
reduces glioma cells’ sensitivity to radiation through down-
regulating P53. At the same time, cell growth promotion and 
cell apoptosis inhibition induced by RAD18 up-regulation 
were impaired when P53 expression was upregulated under 
radiation conditions.

Succinate dehydrogenase 5 (SDH5) has been reported to 
contribute to the development of several types of cancer.(37,38) 
Zong et al.(39) conducted a study showing that SDH5 can be 
detected not only in tumors but also in plasma by qRT-PCR, 
indicating its predictive effect in radiotherapy. The researchers 
showed that SDH5 modulates radiosensitivity by directly 
binding p53 and promoting phosphorylation of cytoplasmic 
p53 at Ser315, which ultimately accelerates the degradation 
of p53 via the ubiquitin/proteasome pathway and affects 
radiosensitivity. In SDH5 knockout mice, lung epithelial cells 
showed increased DNA damage after irradiation. Apoptosis 
and cell-cycle detection showed that decreased expression 
of SDH5 resulted in an apparent increase in apoptosis and a 
cell-cycle arrest in G2/M. SDH5 knockdown decreased p53 
phosphorylation predominantly in the cytoplasm and increased 
its accumulation in the nucleus. SDH5 depletion inhibited p53 
degradation via the ubiquitin/proteasome pathway, which 
promoted apoptosis and increased radiosensitivity in non-
small cell lung cancer. Thus, the authors concluded that SDH5 
is a novel regulator of p53 and that the loss of SDH5 enhances 
radiosensitivity by reducing p53 phosphorylation and delaying 
p53 degradation in lung cancer. 

The significance of reducing p53 phosphorylation and 
degradation to increase radiosensitivity was also analyzed in 

a study by Xie et al.(40) who investigated the role of CDK16 
in the radioresistance of human lung cancer cells. CDK16 
negatively modulates p53 signaling pathway to promote 
radioresistance. CDK16, a member of the cyclin-dependent 
kinases family (CDK),(41) has demonstrated an essential 
role in tumorigenesis. A number of studies suggest that 
CDK16 may act as an oncoprotein in some types of cancer. 
In particular, the downregulation of CDK16 suppressed cell 
growth and proliferation in prostate, breast, and CRCs.(42-44) 
Xie et al.(40) found that CDK16, which is overexpressed in lung 
cancer and predicts poor prognosis in patients, binds to and 
phosphorylates p53 at the Ser315 site to trigger p53 degradation 
via the ubiquitin/proteasome pathway, and CDK16 depletion 
enhances radiosensitivity in a p53-dependent manner in lung 
cancer cells. In this regard, CDK16 is a possible target for 
cancer radiotherapy.

Radiation therapy always causes DNA damage, and 
cells repair the damaged DNA by activating the cell-cycle 
checkpoint signaling pathway and stopping the cell cycle 
to maintain the stability of the genome and the accuracy of 
chromosome inheritance.(45) Cell-cycle arrest is a common and 
direct response of most tumor cells affected by radiation.(46) 

Among the molecules involved in processes of DNA damage 
repair, the p53-binding protein 1 (53BP1) and mediator of DNA 
damage checkpoint 1 (MDC1) are distinguished. Following 
radiation-induced DNA damage, both MDC1 and 53BP1 
could transmit the DNA damage signals to the downstream 
molecules such as cell-cycle checkpoint kinases CHK1 and 
CHK2. p53 is also involved in the modulation of the cell cycle 
and the regulation of the cell-cycle checkpoints. A study by 
Yang et al.(47) aimed to investigate the effects of MDC1 and 
p53 binding protein 1 (53BP1) silencing on p53, cell-cycle 
checkpoint kinases (CHK1 and CHK2), and CHK2-T68 
expression in the epithelial cell line of human esophageal 
carcinoma (Eca-109). 53BP1 downregulation significantly 
reduced p53 and enhanced CHK1 and CHK2 expression 
in Eca-109 cells. 53BP1 downregulation also significantly 
regulated CHK1, CHK2, and p53 in xenograft nude mice 
models exposed to γ-ray irradiation, compared to the untreated 
group, with p53 negatively correlated with CHK1 and CHK2. 
The data obtained showed that 53BP1 regulates the cell-cycle 
arrest by modulating the expression of p53, CHK1 and CHK2 
in both Eca-109 cells and xenograft nude mouse models. 

The gene associated with retinoid-interferon-induced 
mortality-19 (GRIM-19) is a tumor suppressor that mediates 
cell apoptosis in multiple cancer types. A study by Chen et 
al.(48) investigated the role and underlying mechanism of 
GRIM-19 in the progression of osteosarcoma, one of the 
most aggressive types of primary bone cancer that frequently 
responds poorly to radiotherapy. Overexpression of GRIM-19 
accelerated radiation-induced osteosarcoma cell apoptosis by 
p53 stabilization ex vivo and in vivo.The forced expression 
of GRIM-19 diminishes the activity of MDM2, a specific p53 
protease, resulting in the accumulation of p53 and activation 
of p53-mediated apoptosis. So, restoring p53 function by 
inhibiting its interaction with MDM2 is a promising therapeutic 
strategy for cancer. Yi et al.(49) analyzed the capability of APG-
115 to enhance radiation response in gastric cancer in vitro 
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and in vivo. The authors found that APG-115 radiosensitized 
p53 wild-type gastric cancer cells. Increasing apoptosis and 
cell-cycle arrest were observed after the administration of 
APG-115 and radiation.

In a clinical study performed by Wang et al.,(50) the p53 
protein expression in cervical cancer after RT was significantly 
correlated with cervical space-occupying lesions and tumor 
size shown in transvaginal color Doppler ultrasound, providing 
helpful clinical data for monitoring cervical cancer. 

p53 molecular interactions are summarized in Table 1.

Sensitizing drugs and modulation of adverse 
effects of radiotherapy

Cell-cycle checkpoints play a critical role in cell 
survival after exposure to radiation.(51,52) Most types of cancer 
have defects in cell-cycle checkpoints, which contribute 
to the development of radioresistance.(53) Targeting cell-

cycle checkpoint defects is the anticancer therapy of the 
future.(54-57) For example, it was reported that three human 
cholangiocarcinoma (CCA) cell lines with various cell-cycle 
defects differ markedly in their sensitivity to radiation. The 
different radiation sensitivities were associated with existing 
G1 or G2 checkpoint defects in analyzed cells.(55) CCA cells 
with a defective G1 checkpoint but an intact G2 checkpoint 
were the most radioresistant cells. In addition, inhibition of 
checkpoint kinase 1/2 (Chk1/2) selectively increased the 
radiation sensitivity of CCA cells with G1 checkpoint defect.

Cancer cells frequently contain G1 checkpoint defects 
due to loss of p53 function, resulting in radioresistance.(58) A 
study by Hematulin et al.(59) evaluated the radiosensitizing 
potential of etoposide, widely used as an antitumor 
chemotherapy drug,(60) in p53-defective CCA KKU-M055 
and KKU-M214 cell lines with G1 checkpoint defects, which 
differ in G2 checkpoint status. KKU-M055 cells had an 
effective G2 checkpoint with marked accumulation of cells 
in the G2/M phase, together with induction of Chk2, Wee1 
and Cdc2 phosphorylation after irradiation, and without the 
activation of the p53-p21 axis in response to radiation. In 
contrast, a defective G2 checkpoint was demonstrated in 
KKU-M214 cells, which failed to arrest the cell cycle in the 
G2/M phase after irradiation. The observed induction of p53 
phosphorylation did not contribute to the induction of cell-
cycle arrest in KKU-M214 cells in the G2/M phase. Treatment 
with etoposide increased the sensitivity of two p53-defective 
CCA cell lines to radiation, regardless of the function of the 
G2 checkpoint, and G2/M arrest was not the determining 
mechanism for the radiosensitization activity of etoposide. It 
was found that apoptosis was the dominant mode of death for 
KKU-M055 cells with an intact G2 checkpoint, while mitotic 
catastrophe was the dominant mode of death for KKU-M214 
cells with a G2 checkpoint defect. Thus, etoposide can be used 
as a tumor radiosensitizer regardless of the functionality of the 
tumor’s G2 checkpoints. 

Histone deacetylase inhibitors (HDACi) are a group 
of agents that target histone deacetylase, which affects 
chromatin structure resulting in gene expression regulation. 
Radiosensitization by HDACi has been demonstrated in 
numerous preclinical and clinical studies.(61-64) Moreover, 
HDACi can also modulate cellular functions independent of 
gene expression by acting on non-histone protein deacetylation. 
Thus, HDACi are involved in regulating different altered 
pathways in cancer, such as apoptosis, cell cycle, and DNA 
repair.

Valproate (VPA) is an antiepileptic that, in addition to its 
anticonvulsant properties, is an effective HDACi. A study by 
Terranova-Barberio et al.(65) examined the combination of VPA 
with capecitabine metabolite 5′-deoxy-5-fluorouridine (5′-
DFUR) in combination with radiotherapy on CRC cells: HCT-
116 (p53-wild-type), HCT-116 p53−/−(p53-null), SW620 and 
HT29 (p53-mutant), which also made it possible to study the 
role of p53 in the combination setting. Combined treatment with 
equipotent doses of VPA and 5′-DFUR resulted in synergistic 
effects in CRC lines expressing p53 (wild-type or mutant). In 
HCT-116 p53-null−cells, antagonist effects were observed. 
Radiotherapy further potentiated the antiproliferative, pro-

Gene/ 
Protein Action Source

MAPK
Inactivation of both MAPK kinase 
and PI3K/Akt pathways with p53 
reactivation significantly enhances the 
radiosensitivity of melanoma

Krayem et al. 
(2019) [20]

SIRT1 SIRT1 suppression by melatonin induces 
p53-mediated apoptosis

Farhood et al.
(2019) [21]

TFAM

A decreased TFAM expression led to 
the inhibition of p53/TIGAR signaling, 
elevated mitochondrial superoxide and 
DSB DNA production, and arrest in the 
G1/S phase.

Jiang et al.
(2019) [31]

otop2

p53 governs the transcription process 
of otop2, a functional candidate in 
colorectal cancer oncogenesis, by 
reprogramming the CTCF binding status 
and altering chromatin architecture.

Qu et al.
(2019) [34]

RAD18 p53 upregulation weakens the role of 
RAD18 in inhibiting apoptosis

Wu et al.
(2019) [35]

SDH5
The loss of SDH5 enhances radio-
sensitivity by reducing p53 phospho- 
rylation and delaying p53 degradation in 
lung cancer.

Zong et al.
(2019) [39]

53BP1
53BP1 downregulation significantly 
reduced p53 and enhanced CHK1 and 
CHK2 expression in Eca-109 cells.

Yang et al.
(2019) [47]

GRIM19

Overexpression of GRIM-19 diminishes 
the activity of MDM2, a specific p53 
protease, resulting in the accumulation 
of p53 and activation of p53-mediated 
apoptosis.

Chen et al.
(2018) [48]

APG-115 APG-115 radiosensitizes p53 wild-type 
gastric cancer cells, increasing apoptosis.

Yi et al.
(2018) [49]

CDK16 CDK16 binds to and phosphorylates p53 
at Ser315 site to inhibit the transcriptional 
activity of p53.

Xie et al.
(2018) [40]

Table 1. 

p53 molecular interactions 
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apoptotic, and DNA damage effects induced by 5′-DFUR/VPA 
combination in p53 expressing cells.

As noted earlier, in human cancer, more than 50% of 
tumors contain a mutation or deletion of the TP53 gene, which 
increases the likelihood of uncontrolled cell division,(4) since 
TP53 plays a central role in mediating the response to DNA 
damage through the transactivation of numerous genes that 
inhibit growth or apoptosis, including p21 gene.(66) Therefore, 
establishing the dependence of the activity of antitumor drugs 
on the cellular expression of p53 is of great importance. A 
study performed by Choo et al.(67) demonstrated the in vitro 
radiosensitizing effects of VPA on the human breast cancer 
MCF7 cell line and also revealed that VPA increased the 
level of DNA breakage, apoptosis, and senescence. VPA also 
induced tumor suppressor protein p53 and p21 expression 
and activated checkpoint kinase 2 (CHK2) in MCF7 cells. 
The treatment with VPA also increased p21 levels and CHK2 
activity in p53-null colon cancer HCT116 cells, suggesting 
that VPA may be used to treat various types of cancer with 
altered p53 status. VPA-induced radiosensitization was 
largely dependent on the activity of CHK2. Thus, VPA may 
exhibit clinical utility concerning increasing the anticancer 
efficacy of radiotherapy by affecting the level of p53; in 
addition, the treatment with VPA and irradiation may enhance 
the radiosensitivity of p53-altered types of cancer. 

Recent studies have shown that simvastatin, a 3-hydroxy-
3-mehtylglutaryl-coenzyme A (HMG-CoA) reductase inhibitor 
often used to treat lipid disorders, exhibits anticancer effects 
by regulating proliferation, apoptosis, and metastasis in 
various tumors,(68-71) and also enhances radiosensitization by 
suppressing BIRC5 (survivin) and CTGF (connective tissue 
growth factor) in gastric cancer and colorectal cancer.(72) Lee 
et al.(73) investigated whether the combination of simvastatin 
and IR would radiosensitize HCT116 p53+/+ and p53-/- colon 
cancer cells. Simvastatin potently stimulated radiosensitization 
of HCT116 p53-/- cells and xenograft tumors. The combination 
of simvastatin with IR decreased G2/M arrest and delayed the 
repair of IR-induced DNA damage, and no differences between 
the HCT116 p53+/+ and p53-/- cells were evident. Simvastatin 
also exhibited MDM2 suppression, regardless of p53 status, 
resulting in inducing radiosensitization. In addition, simvastatin 
caused accumulations of the FOXO3a, E-cadherin, and tumor 
suppressor protein p21, downstream factors of MDM2, 
in HCT116 p53-/- cells. Thus, these findings suggest the 
possibility of applying simvastatin as an MDM2 inhibitor and 
radiosensitizer for p53-deficient colorectal tumor treatments. 

Nutlin-3, a small molecular weight cis-imidazoline 
analog, was designed to compete with Mdm2 for binding to 
p53.(74) Nutlin-3 induces the regulation and activation of the 
p53 pathway and is found to be effective and non-genotoxic 
in stabilizing p53 and enhancing apoptosis using experimental 
models in tumors expressing wild-type p53.(75)

Taste disturbance is one of the most common 
complications after radiation therapy, leading to decreased 
appetite and quality of life in patients with head and neck 
cancer. Faccion et al.(76) showed that checkpoint kinase 2 
(Chk2) deficiency reduces p53 expression and inhibits cell 
apoptosis, partly contributing to the radioprotective effect 

on taste cells. In particular, Chk2 −/− mice showed less 
loss of type II and type III taste cells, lower expression of 
p53, caspase-3, and cleaved caspase-3, and lower levels of 
apoptosis. However, Chk2 deficiency did not alter oxidative 
stress levels, antioxidant capacity, and oxidative DNA 
damage in taste receptors. Chk2 appears to be a new target for 
correcting radiation-induced taste dysfunction. 

Sensitizing drugs and modulation of adverse effects of 
radiotherapy are summarized in Table 2.

Response predictive molecular markers 
Various studies have shown that wild-type p53, but not 

mutant p53, can repress survivin expression at the transcriptional 
level(77) and that loss of survivin function partially mediates a 
p53-dependent apoptosis pathway.(78) Survivin is the smallest 
member of the apoptosis inhibitor protein family that plays 
a key role in regulating cell division and inhibiting apoptosis 
by blocking caspase activation. Overexpression of survivin in 
human lung cancer cells blocks p53-dependent apoptosis in a 
dose-dependent manner,(78) suggesting that survivin regulates 
(at least in part) the p53-dependent apoptosis pathway. Faccion 
et al.(76) found that high p53 expression levels and nuclear 
survivin localization correlated with the subtype of anaplastic 
astrocytoma, whereas cytoplasmic survivin localization 
correlated with the glioblastoma subtype. In addition, patients 
carrying tumors with a high cytoplasmic survivin expression, a 
high nuclear survivin expression, or a high p53 expression and 
who did not receive radiotherapy exhibited poorer short-term 
and long-term survival rates. Hence, patients whose tumors 
overexpress these proteins may benefit from radiotherapy, 
irrespective of age and/or histological classification.

Currently, there is no method to predict tumor response 
to chemoradiotherapy. Stojanovic-Rundic et al.(79) evaluated 
whether p21 and p53 expressions could be reliable predictors 
of pathological response to chemoradiotherapy in patients 

Drug Action Source

Etoposide

Etoposide radiosensitizes p53-
defective cholangiocarcinoma 
cell lines regardless of the 
functionality of the tumor’s G2 
checkpoint.

Hematulin et al.
(2018) [59]

Valproate (VPA)
VPA is HDACi. Valproate  up-
regulates wild-type p53 and 
down-regulates mutp53 levels.

Terranova-
Barberio et al.
(2017) [65]

Simvastatin
Simvastatin exhibits MDM2 
suppression, regardless of 
p53 status, inducing radio- 
sensitization

Lee et al. 
(2018) [73]

Nutlin-3

Nutlin-3 induces the regu- 
lation and activation of the 
p53 pathway and enhances 
apoptosis in tumors expressing 
wild-type p53.

Yee-Lin et al.
(2018) [75]

Table 2. 
Sensitizing drugs and modulation of adverse effects of radiotherapy
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with locally advanced rectal cancer. Tumor regression was 
assessed according to Dvorak (tumor regression grade 
[TRG] scores) and Wheeler (rectal cancer regression grade 
[RCRG] scores) classification systems. Locally advanced 
rectal cancer patients with immune expression of p21 had a 
significantly higher percentage of complete regression than 
patients with low expression of p21. In contrast, correlations 
between p53 expression and histopathological, as well as 
regression, grades were not found. Thus, the results suggested 
that p53 expression did not predict pathological response to 
preoperative chemoradiotherapy, but p21 expression did. 
In general, it can be assumed that the evaluation of several 
markers will identify a certain group of patients with a better 
response to radiotherapy.

It should be emphasized that the most crucial role of the 
p53 gene in radiosensitivity is quite apparent. Nevertheless, 
today it is necessary to conduct research to correct mutational 
changes in the gene, increase the sensitivity of cancer cells 
against the background of T53 activation in them, and 
radioprotection of healthy tissues against the background of 
p53 deactivation in them. Thus, the TP53 gene is an essential 
marker for determining cell fate before radiotherapy.

Cancer stem cells and radioresistance
Currently, there is an increased interest in investigating 

CSCs, which are the cause of neoplastic phenotypic and 
functional heterogeneity. CSCs are neoplastic cells with an 
indefinite potential for self-renewal and, therefore, oncogenic 
capacity. Recent investigations report that a fraction of these 
neoplastic cells are considered CSCs, which explains the 
continuous resistance to the treatment and tumoral recurrence.(80)  

The oncogenic capability of CSCs (Image 2) is due to 
the accumulation of mutations throughout their life, indefinite 
proliferation, resistance to apoptosis, evasion of anti-
growth signaling, expression of telomerase activity, immune 
destruction, and increased cell motility.(81) If CSCs survive 
after IR, they are able to cause tumor recurrence (Image 3). It is 
well known that CSCs mediate radiation resistance of tumors 
through tumor-specific factors such as the number of CSCs 
before treatment and repopulation or reoxygenation during 
fractionated radiotherapy. Recent clinical evidence suggests 
that stem cell-associated surface markers can be directly used 
as predictors of radiocurability of tumors with comparable 
risk factors such as histology and size.(82)

Mesenchymal stem cells (MSCs) have been investigated 
for use in treating cancers as they can both preferentially home 
in on tumors and become incorporated into their stroma. This 
process increases after radiation therapy. A study by de Araújo 
Farias et al.(83) showed that in vitro, MSCs, when activated 
with a low dose of radiation, were a source of antitumor 
cytokines that decrease the proliferative activity of tumor 
cells, producing a potent cytotoxic synergistic effect on 
them. In vivo administration of unirradiated mesenchymal 
cells together with radiation led to an increased efficacy of 
radiotherapy. The authors concluded that IR and MSCs have 
a synergistic effect when they are applied together for tumor 
treatment. 

The NOTCH signaling pathway is critical in tissue 
development and is involved in malignant transformation. In 
preclinical lung cancer models, NOTCH inhibition has been 
shown to improve response to radiotherapy by targeting tumor 
stem cells. Giuranno et al.(84) showed that NOTCH signaling 
is active in both primary human models and in murine airway 
epithelial stem cell models, and, in combination with radiation 
inhibition of NOTCH, provokes a decrease in S phase and an 
increase in G1-phase arrest.  NOTCH inhibition in irradiated 
lung basal stem cells resulted in more potent activation of 
DNA damage checkpoint kinases pATM and pCHK2 and led 
to an increase in the level of residual 53BP1 foci in irradiated 
lung basal stem cells, reducing their ability to self-renew. 

Zamulaeva et al.(85) evaluated the prognostic significance 
of the proportion of CSCs in cervical scrapings from 38 
patients with cervical cancer treatment and after irradiation 
at a total dose of 10 Gy. The results were assessed by the 
degree of tumor regression at 3-6 months after treatment. 
CSCs were identified as cells with the CD44+CD24low 
immunophenotype using flow cytometry. The proportion of 
CSCs in patients with complete tumor regression decreased 
by an average of 2.2±1.1% after irradiation, while in patients 
with partial regression, this indicator increased by an average 
of 3.3±2.3% (P=0.03). Multiple regression analysis revealed 
two independent indicators that affect tumor regression: the 
stage of the disease and the change in the proportion of CSCs 
after the first irradiation sessions. The proportion of CSCs 
before treatment had no prognostic value.

There is evidence that radiation-induced cells do not 
die immediately.(86) Contact of surviving tumor and non-tumor 
cells with the internal and external environment through 

Image 2. Oncogenic capability of cancer stem cells (CSCs) 

Image 3. CSCs surviving after IR and tumor recurrence.
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various signaling pathways and/or gene expression leads to the 
production of various chemokines, cytokines, growth factors, 
and protein hormones. The mechanism of how these close 
cellular interactions influence the tumor response to radiation 
is currently an important area of research. MSCs play an 
important role in non-tumor cells. Recent studies have shown 
that MSCs have an inhibitory effect on HCC, suggesting that 
they have potential as a novel therapeutic agent.(87,88) Adipose 
tissue-derived mesenchymal stem cells (AT-MSCs) are one of 
the most promising types of MSCs that can be easily obtained 
using minimally invasive procedures and can differentiate into 
numerous cell lines.(89) Wu et al.(90) showed that AT-MSCs can 
enhance the inhibitory effect of radiotherapy on reducing the 
growth, migration, and invasion of HCC cells in both in vitro 
and in vivo experiments. RNA-sequencing analysis revealed 
a noticeable interferon-induced transmembrane 1 (IFITM1)-
induced tumor gene signature. Gain and loss mechanistic 
studies indicated that the mechanism was associated with 
decreased expression of signal transducer and transcription 
activator 3 (STAT3) and matrix metallopeptidases (MMPs) 
and increased expression of P53 and caspases. These data 
suggest that AT-MSCs can enhance the therapeutic effects of 
radiotherapy in HCC. 

Compared to regularly proliferating cancer cells, CSCs 
have unique gene profiles and intracellular constitution, and 
also express specific membrane markers. Current therapeutic 
strategies targeting CSCs include CSC surface/intrinsic 
markers or signaling pathways, as well as CSC metabolism 
or the microenvironment, using antibodies, aptamers, peptide 
ligands, small molecules, or RNA-based therapeutics.(91-93) 

Among these strategies, therapeutic antibodies targeting CSC 
surface markers and small molecule inhibitors targeting CSC 
signaling pathways have already been investigated in clinical 
trials.

CD147 has been reported to be associated with CSC 
characteristics such as epithelial-mesenchymal transition (EMT)
(94) and resistance to chemoradiotherapy.(95,96) Metuximab, the 
anti-CD147 drug, has been successfully used to prevent tumor 
recurrence after liver transplantation or radiofrequency ablation 
in patients with advanced HCC.(97,98) Fan et al.(99) demonstrated 
that anti-CD147 HAb18IgG sensitizes pancreatic cancer cells to 
chemoradiotherapy by reducing colony and sphere formation in 
a dose-dependent manner. In addition, HAb18IgG reduced the 
pancreatic CSC subpopulation and the expression of stem cell 
transcription factors OCT4, SOX2, and NANOG. Mechanically, 
HAb18IgG inhibited CSCs by blocking CD44s-pSTAT3 
signaling. These results led the authors to suggest a promising 
therapeutic role for anti-CD147 HAb18IgG in suppressing 
pancreatic tumor initiation and overcoming relapses after 
chemoradiotherapy through direct targeting of CSCs.

 A study by Konířová et al.(100) was focused on evaluating 
the response to IR of neural stem cells derived from mouse 
brains and grown in vitro. Under IR, neural stem cells expressed 
high mRNA levels of the stemness markers nestin and Sox2, 
and also showed high expression of Mki67 and Mcm2, markers 
associated with cell proliferation. The data obtained showed 
increased transcriptional activity of p53 targets, including 
Gadd45a, and proliferation arrest after irradiation. Moreover, 

most of the cells did not undergo apoptosis after irradiation, but 
stopped proliferation and started the differentiation program. 
The induction of differentiation and the demonstrated ability 
of irradiated cells to differentiate into neurons may represent 
a mechanism by which damaged neural stem cells circumvent 
the effects of cumulative DNA damage.

Dose-dependent radiation damage to intestinal 
stem cells (ISCs) is the main cause of radiation-induced 
gastrointestinal syndrome (RIGS). Self-renewal and 
proliferation of ISCs and thus maintenance of homeostasis 
and repair of the intestinal epithelium is primarily dependent 
on Wnt-β-catenin signaling.(101,102)

Bhanja et al.(103) demonstrated that a small molecular 
agent BCN057 (3-[(Furan-2-ylmethyl)-amino]-2-(7-methoxy-
2-oxo-1,2-dihydro-quinolin-3-yl)-6-methyl-imidazo[1,2-a]
pyridin-1-ium) activates canonical Wnt-β-catenin signaling, 
mitigates RIGS, and improves survival when applied 24 h 
after a lethal dose of radiation exposure. In an ex vivo crypt 
organoid model developed from human and mouse intestinal 
epithelium, BCN057 was shown to rescue ISC from radiation 
toxicity and induce epithelial repair with activation of Wnt-
β-catenin signaling. However, BCN057 did not show any 
radioprotective effect in tumor tissue. Thus, BCN057 may 
be a potential emollient against RIGS and may be useful in 
abdominal radiotherapy.  

Damage to heart, lung, and bone marrow (BM) 
tissues is one of the most important side effects of radiation 
therapy for breast cancer, which limits the success of tumor 
treatment.(104-106) Several studies have demonstrated the 
protective effects of radio-detoxified (gamma irradiation-
fragmented) lipopolysaccharide (RD-LPS), also called 
tolerin,(107) in reducing radiation-induced tissue damage.(108) 
A study by Hegyesi et al.(109) examined the effects of RD-
LPS in a model of cardiotoxicity. The authors focused on 
endothelial progenitor cells (EPCs) and BM cell-derived small 
extracellular vesicles (sEVs) as potential biomarkers of the 
effect of RD-LPS. The effects of local irradiation were studied 
in a model of cardiac injury in mice with chest irradiation. 
The researchers found increased mortality after irradiation at a 
dose of 16Gy. Treatment with RD-LPS significantly extended 
survival. Using flow cytometry, it was shown that with the 
introduction of RD-LPS, the number of BM-EPCs increased 
in the bone marrow and, in particular, in the bloodstream. In 
addition, mass spectrometric analysis showed that RD-LPS 
altered the proteomic composition of sEVs derived from 
BM cells. Treatment with RD-LPS increased the expression 
of interferon-induced transmembrane protein-3 (IFITM3) 
in BM cells and in BM cell-derived sEVs. In conclusion, it 
was noted that treatment with RD-LPS induced an increase in 
the number of circulating EPCs in parallel with a decrease in 
radiation-related mortality.

Evidence shows that tissue stem cells with accumulated 
DNA damage can lead to сancer.(110,111)  IR-related DNA damage 
can be accumulated in the pools of tissue stem cells.(112-114) High-
dose-rate radiation has been found to recruit Lgr5+ colonic 
stem cells, while low-dose-rate radiation does not.(115) Leucine-
rich repeat-containing G-protein-coupled receptor 5 (Lgr5) was 
first identified as a molecular marker on stem cells that could 
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develop into tumors as cells of origin in cancer.(116) The small 
and large intestines contain Lgr5+ stem cells in the bottom of 
crypts. ISCs expressing Lgr5 are cycling stem cells necessary for 
maintaining tissue in a steady state. Otsuka et al.(117) compared 
the effects of high-dose-rate (30 Gy/h) and low-dose-rate 
(0.003 Gy/h) radiation on the replenishment of colonic Lgr5+ 
stem cells. In Lgr5+ stem cells irradiated with high dose rates, 
pathways associated with DNA damage response, cell growth, 
cell differentiation, and cell death were found to be upregulated. 
In Lgr5+ stem cells irradiated with low dose rates, pathways 
associated with apical junctions and extracellular signaling were 
upregulated. High-dose-rate radiation-induced a considerable 
reduction in cell numbers in the colonic crypts and a dramatic 
increase in mitosis, which may stimulate the replenishment of 
the stem cell pool and the accumulation of genetic mutations in 
tissue stem cells.

CSCs exhibit a range of genetic and cellular adaptations 
that confer radioresistance. Among the mechanisms, one should 
take into account efficient DNA repair, the role of the CSC 
microenvironment and hypoxia,(118) and resistance to apoptosis 
via activation of the Akt pathway.(119) Cell-cycle phase also 
determines radiosensitivity, with cells most radiosensitive in 
the G2-M phase.(120) In addition, microRNAs are well known to 
play a critical role in the cellular response to IR.(121-125) Griñán-
Lisón et al.(126)studied how IR affects the expression of miRNAs 
associated with stemness in various molecular subtypes of 
breast cancer (BC). Irradiation of BC cells at doses of 2, 4, 
or 6Gy affected their phenotype, functional characteristics, 
pluripotency gene expression, and oncogenic capacity in vivo. 
The effect of IR on the expression of eight miRNAs associated 
with stemness and radioresistance (miR-210, miR-10b, miR-
182, miR-142, miR-221, miR-21, miR-93, miR-15b) varied 
depending on subpopulations of cell lines and clinical and 
pathological features of BC patients. The authors concluded that 
miRNAs related to BC stem cell subpopulations could provide 
a valuable method to predict and monitor tumor radio‐response 
depending on the molecular BC subtype.

Malignant tumor cells, including laryngeal cancer cells, 
mainly obtain energy via the glycolysis of glucose, even 
under aerobic conditions. This aerobic glycolysis is called 
the Warburg effect,(127,128) and is believed to be involved in 
the development of cancer radioresistance.(128-130) Glucose 
transporter-1 (GLUT-1), localized on the cell membrane 
and acting as a channel protein for glucose uptake by cancer 
cells, is a key regulator of the Warburg effect.(128,131) GLUT-1 
is expressed at high levels in radioresistant laryngeal cancer.
(132-134) Inhibition of GLUT-1 using GLUT-1 small interfering 
RNA (siRNA) may enhance the radiosensitivity of laryngeal 
cancer cells.(135) Zhong et al.(136) created the CD133+-Hep-2R 
cell line and used in vitro and in vivo models of laryngeal cancer 
to test the radiosensitizing effect of GLUT-1 siRNA on CD133+-
Hep-2R cells, exploring the cellular mechanisms underlying 
radiosensitivity enhancement, using RT-PCR, Western blotting, 
CCK-8 assay, colony formation assay, and Transwell assay in 
vitro and in a xenograft tumor model in nude mice. Transfection 
with GLUT-1 siRNA through inhibition of GLUT-1 expression 
led to inhibition of proliferation and invasive ability of CD133+-
Hep-2R cells, which caused cell-cycle redistribution (a higher 

proportion of cells in the G0/G1 phase and a lower ratio in 
the S and G2/M phases). It was also found that suppressing 
RAD51 and DNA-PKcs expression increased the apoptosis rate 
and reduced DNA repair capability. Hence, GLUT-1 siRNA 
can enhance the radiosensitivity of CD133+-Hep-2R cells by 
inducing a redistribution of cell-cycle phases, inhibiting DNA 
repair capability, and increasing apoptosis.

Stem cells and the molecules they produce are 
summarized in Table 3.

Cellular senescence, cancer and cellular
radiosensitivity

Cellular senescence is an extremely stable form of cell-
cycle arrest and constitutes a strong natural tumor suppressor 
mechanism. Senescent cells have rather heterogeneous 
phenotypes and can exhibit both antitumor and tumor-
promoting features. Data on the role of сellular senescence 
in cancer and radioresistance are sometimes ambiguous and 
even contradictory. Studies published in the past decade have 
demonstrated that malignant and non-malignant cells with 
lastingly persistent senescence can acquire pro-tumorigenic 
properties in certain conditions.

B lymphoma Mo-MLV insertion region 1 homolog 
(Bmi-1) is a polycomb group protein that regulates cell 
proliferation and is upregulated in various human cancer 
types, suggesting a potential role of Bmi-1 as an oncogene 
(137-140) that can induce anti-senescence in tumor cells. A study 
by Ye et al.(141) investigated the response of U87 glioma cells 
to radiation exposure and the role of Bmi-1 in the response 
following radiotherapy. It was found that X-ray radiation 
inhibits U87 cell proliferation by inducing senescence rather 

Stem cells Molecules produced 
by stem cells Source

MSCs TRAIL and DKK3 de Araújo Farias et al.
(2015) [ 83]

Basal airway stem
cells NOTCH Giuranno et al. 

(2019) [84]

Cervical CSCs CD44, CD24, 
and CD45

Zamulaeva  et al. 
(2019) [85]

AT-MSCs IFITM1 Wu et al. (2019) [90]

Pancreatic CSCs CD147 Fan  et al. (2019) [99]

Neural stem cells Sox2, MKi67 
and MCM2

Konířová et al. 
(2019) [100]

Intestinal stem cells Wnt-β-catenin Bhanja et al.
 (2019) [103]

Bone marrow-
derived endothelial
progenitor cells

IFITM3 Hegyesi  et al. 
(2019) [109]

Intestinal stem cells Lgr5 Otsuka et al. 
(2017) [117]

Table 3. 
Stem cells and the molecules they produce.
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than apoptosis. Following radiation exposure, the expression 
of Bmi-1 was upregulated, particularly when a dose of ≥6 Gy 
was administered. Bmi-1 may be significant in increasing the 
radioresistance of glioma cells by enabling cell senescence. 
Overexpression of Bmi-1 may reduce the expression of p16 
and p19Arf, which induce anti-senescence in tumor cells.(142)

SHP-1, a cytosolic protein tyrosine phosphatase, can 
play either negative or positive roles in regulating signal 
transduction pathways and is differentially expressed in a 
number of cancer cell lines,(143-145) having different roles and 
mechanisms in regulating cell cycle and cell proliferation in 
different types of tumors. A study by Sun et al.(146) aimed to 
assess the role of SHP-1 in the radioresistance and senescence of 
nasopharyngeal carcinoma (NPC) cells. SHP-1 downregulation 
increased senescence, radiosensitivity, and a higher proportion 
of cells in G0/G1. Furthermore, SHP-1 overexpression resulted 
in radioresistance, inhibition of cellular senescence, and cell- 
cycle arrest in the S phase. Thus, SHP-1 had a critical role 
in radioresistance, cell- cycle progression, and senescence of 
NPC cells.

Although cellular senescence is a normal consequence of 
aging, there is increasing evidence showing that the radiation-
induced senescence in both tumor and adjacent normal tissues 
contributes to tumor recurrence, metastasis, and resistance 
to therapy, while chronic senescent cells in the normal tissue 
and organ are a source of many late damaging effects. There 
is a growing body of evidence suggesting that senescence is 
associated with the disruption of the tissue microenvironment 
and the development of a pro-oncogenic environment.(147) 
Cellular senescence is characterized by irreversible cell-cycle 
arrest in response to various stress stimuli, resistance to apoptosis 
and senescent-associated secretory phenotype (SASP). SASP is 
a phenotype associated with senescent cells wherein those cells 
secrete a complex mixture containing hundreds of proteins, 
including pro-inflammatory cytokines/chemokines, immune 
modulators, tissue-damaging proteases, factors that can 
adversely affect stem and progenitor cell function, homeostatic 
factors, ceramides, bradykinins, and growth factors.(148-151) Cancer 
cells can be equally induced to cellular senescence through a 
variety of stress and damage signals, including irradiation. 
Senescent cells exhibit apoptosis resistance, metabolic activity, 
and secretion of pro-inflammatory and proliferative molecules. 
The effect of the SASP is highly dependent on context and 
cell type and is variable during the different stages of cancer 
progression.(152,153) Acute induction of cellular senescence is 
considered important for cancer prevention by stimulating the 
immune system to rapidly eliminate the genetically unstable 
cells, while chronic cellular senescence due to persistent stress 
signals (ROS, chronic inflammation) and the accumulation of 
dysfunctional senescent cells cannot be removed by immune 
cells; chronic cellular senescence creates a tumor-promoting 
environment through a secretion of SASP, including IL-1 alpha/
beta, IL-6/8, MMPs, VEGF, TGF-beta, HFH, etc. Foregoing 
factors contribute to the increase in tumor radioresistance.(152,154)

IR is known to induce stress-induced, premature 
senescence (SIPS) in both normal and cancer cell types after 
exposure to relatively high doses (10 Gy) of radiation.(155-159) 
IR-induced senescence, apoptosis resistance, and EMT are 

three major mechanisms by which radioresistance develops. 
In a study by Yu et al.,(160) acute IR exposure induced cancer 
cell senescence and apoptosis, but after long-term IR exposure, 
cancer cells exhibited radioresistance. The proliferation of 
radioresistant cells was retarded, and most cells were arrested 
in G0/G1 phase. The radioresistant cells simultaneously 
showed resistance to further IR-induced apoptosis, premature 
senescence, and EMT. Acute IR exposure steadily elevated 
CDC6 protein levels, one of a group of proteins known as 
the pre-replication complex, an essential regulator of DNA 
replication. The ectopic overexpression of CDC6 leads 
to DNA hyper-replication, DNA damage, and genomic 
instability.(161) CDC6 overexpression has been detected in a 
number of cancer types, and high levels of CDC6 correlated 
with poor prognosis in cancer patients(161,162) and radioresistance 
in cancer cells.(163) CDC6 ectopic overexpression in CNE2 
cells resulted in apoptosis resistance, G0/G1 cell-cycle arrest, 
premature senescence, and EMT, similar to the characteristics 
of radioresistant CNE2-R cells. Targeting CDC6 with siRNA 
promoted IR-induced senescence, sensitized cancer cells to 
IR-induced apoptosis, and reversed EMT. Furthermore, CDC6 
depletion synergistically repressed the growth of CNE2-R 
xenografts when combined with IR. The authors concluded 
that CDC6 is a novel radioresistance switch regulating 
senescence, apoptosis, and EMT.

Genes and proteins involved in cellular senescence and 
radiation response are presented in Table 4.

 Conclusion
Radiotherapy has been identified as the most common 

cancer treatment over the past decades. Unfortunately, 
the efficacy of this treatment modality is low in several 
malignancies due to the resistance of cancer to radiation. 
Multiple mechanisms, including cell-cycle checkpoint 
function, DNA repair, and cell death pathways, modulate the 
radio-responsiveness of cancer cells. Recently, increasing 
interest has focused on the role of p53 in the regulation of 
cellular growth induced by intense oncogenic signals or 
replicative stress.(164) Upon stimulation, p53 regulates the 

Gene/
Protein Action Source

CDC6
DNA hyper-replication,
DNA damage, and genomic
instability

Borlado et al. (2008)
[161]

Bmi-1 Reduction of p16 and p19Arf 
expression

Bruggeman et al. (2007)
[142]

SHP-1

Downregulated: increased
cellular senescence and 
radiosensitivity
Overexpression: decreased
cellular senescence and
radiosensitivity

Sunet al. (2015) 
[146]

Table 4. 
Genes/proteins involved in cellular senescence and radiation 
response.
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expression of a large number of target genes involved in 
cell-cycle arrest, DNA repair, senescence, and apoptosis.(165) 
Numerous studies have shown that p53 plays a critical role 
in maintaining genomic integrity through its role in DNA 
damage response.(166) Loss of p53 function promotes (directly 
and indirectly) chromosomal instability, inducing cells to 
enter either senescence or apoptosis.(167) A deep understanding 
of the mechanisms by which p53 is implicated in regulating 
cellular senescence is of great interest for the development of 
new therapeutic strategies.

Currently, there is an increased interest in investigating 
CSCs, which are the cause of neoplastic phenotypic and 
functional heterogeneity. Emerging evidence suggests that 
CSCs exhibit a range of genetic and cellular adaptations 
that confer radioresistance and play a critical role in tumor 
initiation, malignant progression, disease relapse, and distant 
metastasis.

Cellular senescence is an extremely stable form of 
cell-cycle arrest and constitutes a strong natural tumor 
suppressor mechanism. Studies published in the past decade 
have demonstrated that, in certain conditions and contexts, 
malignant and non-malignant cells with lastingly persistent 
senescence can acquire pro-tumorigenic properties. Senescent 
cells may have a role in oncogenesis mainly through the SASP, 
which produces an immunosuppressive environment. A rising 
number of studies point out that spontaneous senescence and 
therapy-induced senescence play a substantial role in cancer 
aggressiveness. Ambiguous and even controversial data on 
the role of сellular senescence in cancer and radioresistance 
require further research.
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Abstract
The multimodal imaging technique has gained the spotlight in the present era due to its striking and immense applications. 

It is the combination of two or more modalities that complement one another to yield detailed information. Indubitably, it is 
an emerging and crucial technique due to its broad clinical and research applications. The diagnostic techniques with the dual 
modality are aligned for obtaining molecular data. Positron emission tomography (PET) is a progressive imaging technique in 
nuclear medicine. To flourish in the imaging industry, PET was combined with computed tomography (CT), but the fusion of the 
two provides some challenges, such as less soft tissue contrast and inefficiency of acquisition in simultaneous mode. As a result, 
another hybrid imaging technology, PET and MRI (PET/MRI), has been developed to provide more soft tissue contrast and less 
radiation dose exposure, leading this technique to be used extensively despite its shortcomings. This review study discusses the 
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Background
Multimodal imaging has become increasingly 

significant for diagnosing diseases at the molecular level, 
leading to enormous advances in the medical imaging field. It 
is the combination of two or more techniques that complement 
each other to augment the efficacy. The diagnostic technique 
involves envisioning, characterizing, and assessing living 
organisms at basic cellular and molecular states. The 
conventional medical imaging modality assesses anatomical 
or functional characteristics. The anatomical evaluation 
is performed by computed tomography (CT) or magnetic 
resonance imaging (MRI), whereas functional evaluation is 

done by PET or MRI technique.(1) PET is the nuclear imaging 
technique with the basic principle of performing sensitive 
assays with even less radioligand concentration. It evaluates 
the functionality at the molecular basis from biological to 
pathophysiological process. It incorporates radiotracers such 
as 13N, 11C, 18F, and 150, which pass through the region 
of interest.(2) MRI utilizes magnetic fields and radio waves 
with different parameters to evaluate anatomical images with 
high resolution, physiological, biochemical, and metabolic 
activities of the body.(3,4) 

The concept of fusion of PET/MRI was conceived by 
Simon Cherry and Paul Marsden in the 1990s to make use of 
the merits and demerits of the techniques. While they were 
performing an animal study, it was necessary to attain the 
anatomical information with soft tissue contrast provided by 
MRI and the molecular details by PET.(5) The PET and MRI *Correspondence: Dr. Shrooq Aldahery, staldahery@uj.edu.sa
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techniques are merged into a single modality to attain beneficial 
features simultaneously. The growth has been steady for the 
past 20 years as it has gained attention as a powerful tool used 
in clinical research. The necessity of fusion is highlighted as it 
can combat the pros and cons of conventional medical imaging. 
The pre-clinical study performed in the 1990s grasped attention, 
leading to the commercial launch.(6) This study demonstrates 
the potential of PET/MRI fusion, which paved the way for the 
growth of dual-modality imaging methods to strengthen them 
by considering the pluses and minuses of each technique. 
Principle of the PET/MRI technique

PET technique is a painless, quantitative method that 
assesses the biological function by observing the flow of blood, 
neurotransmitters, radioactive tracers, and metabolites. In this 
technique, a radioactive tracer emitted after injection through the 
intravenous route is detected. The nucleus of the tracer releases 
a positron that causes a collision with electrons of the cell 
projecting photons which are examined by the camera present 
in the PET scan and are processed and converted to electrical 
signals, which takes about 10-40 min. It has applications in 
various fields, such as neurology, cardiology, cancer detection, 
atherosclerosis, and glucose consumption. PET technique offers 
broad advantages as it detects radiotracers in in vivo studies by 
considering sensitivity and quantitative precision. It employs 
molecular agents that display details of tissues and organs, 
leading this technique to have moderate space in the cancer field 
as it provides both diagnosis and cancer stages.(7) The last few 
decades have seen an immense revolution in scientific activity 
to modify and enhance the efficacy of PET technology. The 
advancement in this technique is the result of acquisition with the 
gating method, detectors integrated with enhanced geometry, and 
combination with other operational methods, such as MRI and 
CT, to magnify its potency. With its strength, there are also some 
shortcomings in this imaging modality; notably, the detection of 
photons is restricted due to the axial coverage from only 15 to 
30cm; bounded temporal resolution thereupon causes risk and 
challenge to dynamic radiology with kinetic methodology.(8) 
Small-size tumors do not absorb the imaging tracer, which it lacks 
to be detected, and anatomical information of the body cannot be 
revealed with the PET technique. The total body-PET method 
provides distinctive features like increased resolution, detection 
sensitivity, expeditious method, large range of scans, and a low 
dose of tracer to offer better scan image quality to a profound 
understanding of disease and its stages, diagnosis, progress, or 
deterioration and prognosis of the illness.(4) 

MRI is a painless diagnostic technique that postulates 
information about the body by using a strong magnetic field 
and radio waves to provide cross-sectional quality images. Due 
to the wide applications of this technique, it has broadened 
the horizon of imaging technology spectra. In this process of 
obtaining MR images, a patient is placed inside a huge magnetic 
area that causes the induction of a strong magnetic field 
externally. Due to this magnetic power, there is an alignment 
of nuclei of various atoms with the magnetic field, which, upon 
exposure to radio waves, produces energy that is analyzed by 
the system, creating an image.(9) MRI is often divided into 
structural MRI and functional MRI (fMRI). Structural MRI 
illustrates information about the anatomical structures, whereas 

fMRI explicates physiological activity. At the same time, MR 
image quality is determined by the interaction of appropriate 
parameters in each pulse sequence to obtain the maximum 
image quality to ensure high diagnostic accuracy in a reasonable 
scan time.(10) 

MRI can provide 3D images with T1 and T2 relaxation 
times, which is cardinal for tumor assessment with high temporal 
and spatial resolution.(11) The grading of tumors is exceptionally 
stipulated by functional MRI as the advanced system applications, 
such as MR spectroscopy (MRS), perfusion-weighted imaging, and 
diffusion-weighted imaging.(12) However, MRI is contraindicated 
with patients with metallic objects in their bodies as they 
represent image distortion and safety issues in the subjects with 
implantations, and since bone does not give an MRI image, only 
bone marrow analyses are done.(9) One of the demerits noticed with 
MRI versus PET is that the sensitivity of functional information is 
less. Understanding PET and MRI functions is crucial, because 
when the modalities are combined, they complement each other 
and yield information simultaneously (Figure 1).  

Predominant factors and merits of PET/MRI over PET/CT 
The amalgamation of PET/MRI techniques has a fledgling 

and crucial impact in various fields, such as oncology, neurology, 
cardiology, and psychiatry. The concept of dual-modality was 
developed in the 1990s when the combination of PET/MRI 
and PET/CT was on track for development to expect a higher 
outcome. PET/CT has special applications, but shortcomings 
were noted. Many technical challenges in PET/CT technique set 
it back and initiated the spotlight on PET/MRI as it has fewer 
obstacles. The strengths of PET/MRI over PET/CT are low 
exposure to radiation, which reflects its safety, higher contrast 
with soft tissue, and it can be used to analyze any body part.(13) The 
imaging design of PET/CT is sequential, which causes it to obtain 
information from two systems; software is also installed to correct 
CT attenuation. Regardless of the same acquisition settings for 
both pediatrics and adults, the dose of CT in babies and children 
surpasses the dose given to adult subjects. Therefore, the benefit 
of replacing CT with MRI is underlined in pediatric patients. The 
approach to malignant cancer in pediatrics is of major concern 
and challenging due to the diagnostic imaging radiation dose. 
The preference for MRI over CT can reduce the radiation dose 
by almost 50%, which helps its use in children with cancer.(14) In 

Fig. 1. The functions of dual modality (PET/MRI) complement 
each other and can be acquired simultaneously.
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addition, the radiation dose is of consideration in patients with 
lymphoma as they have to be scanned multiple times, which 
exposes them to radiation of 23-26 mSv; in this order, the PET 
contributes about 5-7 mSv dose. Hence, replacing CT with 
MRI can abbreviate radiation exposure effectively. The other 
observed demerits of PET/CT are the probability of error due to 
the patient’s motion during the examination, and the scanning 
process takes a long time. PET/MRI has beneficial outcomes in 
motion correction to obtain the information from MRI, and it 
can be used potentially in clinical and pre-clinical aspects.(3,15)

Manufacturing of Clinical PET/MRI integrated system
The first clinical integrated scanner, “BrainPET,” was 

developed in 2007 by Siemens Healthcare after the pre-clinical 
studies revealed its effect. In the BrainPET design, the PET 
system was inserted into the MRI scanner, which was a 3-Telsa 
standard MRI scanner manufactured by Magnetom TIM Trio. It 
was based on simultaneous acquisition(16) (Figure 2).

Further, Philips designed a whole-body PET/MRI model 
which has gained acceptance in Europe and endured with 
Conformité Européenne (CE), which certifies the standards, and 
it also received clearance by the Food and Drug Administration 
(FDA) (Section 510(k)) in the US (Figure 3). The model 
is based on the sequential design in which PET was placed 
adjacent to the MR scanner, 8 feet apart. A patient table is 
employed to obtain information in sequential order. A beneficial 
point has been obtained by modifying the state-of-the-art, time-
of-flight (TOF)-PET which has caused the detectors of PET to 
work in the arena of MR scanners. Simultaneous data cannot be 
achieved with this technique.(17) 

General Electric (GE) designed a table in the year 2013 
compatible with both PET and MRI, which led them to shift the 
patient between the scanners known as SIGNA PET/MR (Figure 
4). The design of this product contains a component of MR which 
holds a bore of 60 cm 3-Tesla superconductive magnet, gradient 
coils, and transmitter. It is equipped so that the components of 
PET are placed between the body coil and gradient coil, which 
is shielded with radiofrequency. An appropriate temperature is 
maintained with the use of cold water. The performance of this 
design is explicit in terms of timing resolution, which is below 
400 ps, energy resolution documented to be 10.3%, and scanner 
sensitivity is 23.3 kcps/MBq.(18)

Biograph mMR is the first whole-body integrated scanner 
designed by Siemens in the year 2010 which has been granted 
the CE mark by Europe and received clearance from the FDA 
(Figure 5). This is based on Automatic Data processing (ADP) 
technology and has been advanced with gradient design by 
placing the PET detectors between a gradient coil and RF 
body coil. This design comprises a whole-body integrated 
scanner, which utilizes about a full 60cm bore magnet. The 
full gantry of PET is occupied by 56 detectors which make 
up eight rings, and the inner temperature of the detectors is 
maintained using cold water. The system’s performance is 
measured using spatial, timing, and energy resolutions. The 
stated spatial resolution is 4.3 mm Full-width at Half Max 
(FWHM) from the field center at the distance of 1cm, timing 
resolution is 2.93 ms, and energy resolution is 14.5%. The 
sensitivity of the scanner noted is 15.0 kcps/MBq, and the data 
of the mMR scanner is obtained in 3D mode; the images of 
PET are obtained by the back projection that is filtered, or the 
statistics of Poisson distribution are followed.(19) 

Fig. 2. Siemens MR-BrainPET prototype (PET insert 
into an MR scanner).(15)

Fig. 3. A whole-body sequential PET/MRI scanner (Philips 
Ingenuity TF PET/MRI).(15)

Fig. 4. SIGNA PET/MR (General Electric).(15)

Fig. 5. Siemens Biograph mMR whole-body scanner. (15)
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Technique challenges of PET/MRI fusion
The complexity in the design is caused by magnetic field 

consequences in physical challenges. The main objective is to 
obtain the integrated system without altering the functionality. 
The models are designed as sequential and simultaneous 
approaches. The sequential design is simple and economical, 
obtained by Philips Healthcare TF-PET/MRI. In the sequential 
approach, the software is co-registered, and the scanning 
procedure of PET and MRI is done one after another. This 
also gives a plus point for patients with claustrophobia, as this 
process is carried out in different modalities. In addition, in a 
sequential design, there is an additional shield with minimum 
exposure to the magnetic field. The drawback observed is 
the space, as it requires a larger area of 4.3×13m and causes 
motion artifacts to the organs, indicating its need for concurrent 
imaging. In the simultaneous approach, both modalities are 
constructed within the whole system to be placed in the same 
gantry. This design has two models; PET inserted MRI scanner 
and a fully integrated system. This model also has the benefit 
of less space.(20)

Due to its high potential, the obstacles to merging PET 
and MRI should be studied, and their compatibility must be 
assessed to impact the diagnostic imaging field. The hurdles to 
merging and maintaining PET and MRI with high performance 
are mentioned below (Figure 6):

1)The effect of PET on the MRI system
2)The effect of MRI on PET
3)Quantitative imaging
4)Space and time-bound

The PET detectors are located in the magnetic bore, 
affecting the magnetic quality due to rationales like interference 
of a radiofrequency signal (RF) and magnetic susceptibility 
artifact. The linear measure of the gradient field is influenced 
by the arrangement of PET components in the magnetic bore 
as it affects the magnitude and direction of magnetic flux that is 
supposed to be identical in the field. These minute changes can 
impact the susceptibility of the magnetic area. This variation can 
be rectified by shimming that presents homogeneity in the field.
(21) The simultaneous TOF-PET/MRI contains a metal implant at 
the adjacent site that could emerge as the susceptibility artifact. 
Lead, and tungsten is the gamma-shielding substance in PET that 
produces an eddy current that causes distortion and intermittence. 
The homogeneity and occurrence of susceptibility artifacts could 
be maintained by employing non-magnetic materials.(17)  

The RF signal is the other ground of technical challenge 
in PET/MRI systems. The stimulation of the MRI B1, which 
is applied perpendicular to the main magnetic field, causes the 
generation of an NMRI signal which is weak in characteristic; 
thereby, the coil in MRI is to be particularly sensitive, and 
the room of the procedure should be Faraday shielded. The 
received MRI image is distorted by the RF signal ranging 
between 120MHz- 3 T. This frequency is primarily present in 
digital technology like clock pulse, directing its need to be 
shielded to obtain a precise MR image. This precaution can 
prevent the non-linearity in the production of magnetic flux 
and eddy current.(22)

The effect of MRI on the PET system
The PET function is affected by the presence of a static 

magnetic field, a gradient magnetic field, and a radiofrequency 
signal as they interfere with photomultiplier tubes (PMT) and 
PET detectors. The weak feature of the static magnetic field 
will alter the functionality of PMT in block detectors as it 
deflects the flow of electrons from photocathode to dynode 
to anode chain. This occurs due to the Lorentz force, leading 
to loss or misinterpretation of diagnostic information. The 
resolution can be performed by shielding the PMT with steel 
or mu-metal with the exception of preventing it just from weak 
fields. The replacement of PMT can be done with Avalanche 
photodiode, a field insensitive-PMT, and position-sensitive 
PMTs but with the downside of intolerance to the tesla field 
in the MRI system. The approach to this obstacle is to expel 
the PMT from the system or to replace it with light detectors 
compatible with magnetic fields.(23)

To achieve larger skin depth at less frequency, the 
gradient magnetic fields are switched around 1kHz rate, but 
this alteration leads to the induction of eddy current, which 
increases the temperature and causes vibration of electronics 
in the PET. Therefore, the electronics with high frequency 
should be shielded with materials like copper or aluminum. 
The attribute of copper, such as its non-magnetic and non-
ferromagnetic nature, protects by isolation with 99% of 
electronics present in PET. The gradient pattern reduces the 
system’s sensitivity by 5% to 20%.(24) The solid-state photo 
detectors and electronics present near the coil should be of 
robust character. The robustness can be accomplished by 
redesigning the PET system.(4) Interference by RF is another 
technical obstacle that can  affect the electronics situated in the 
magnetic bore, leading to a drop in the count of the PET rate 
and induction of a noise signal in the PET system resulting in 
heating and eddy current. The conducting shield is used for 
the PET detectors and electronics present in the magnetic bore 
that can minimize the interference of RF.(23)

Quantitative imaging of the PET/MRI system
In quantitative imaging, the attenuation is corrected 

by the linear attenuation coefficient at 511 keV. Attaining 
attenuation correction maps from emission data and MR 
image is complex and has brought attention to this arena. 
Many methods have been developed to combat this challenge, 
yet they have failed.(25) 

Space and time constraint 
The PET scanners are MRI-compatible and designed 

within the magnet’s bore to obtain concurrent images. Acquisition 

Fig. 6. Technical challenges of combining PET/MRI.
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time is the paramount aspect for considering the system; 
notably, a CT system takes a shorter time of about 15s - 1min, 
while it might consume 20-40 min for different MR diagnostic 
images. The evolved PET technology containing a 3D scanner 
reduces the acquisition time to 3-15 min for brain imaging and 
10-20 min for scanning the whole body.(4) Concerning the TOF, 
availability of 3D imaging, and longer axial field of view, the 
advanced technology of PET is more sensitive and accurate. 
The acquisition time varies with simultaneous and sequential 
models, which require longer imaging time, and in the latter 
system, the time depends on a slow acquisition system. In the 
sequential acquisition system, space should be contemplated as 
the design is compact, where the standalone systems have to be 
placed within a minimum area.(20)

Pre-clinical implementation of PET/MRI fusion technique
The amalgamation of PET/MRI modality is the desirable 

approach for pre-clinical examination as it provides soft tissue 
contrast with less vulnerability to radiation dose. CT is not the 
preferred approach to acquire anatomical details of laboratory 
animals except for lung and bone. The fusion offers a dose 
advantage over the CT technique, which requires a high radiation 
dose. In vascular-contrast imaging, the iodine is administered 
in substantial quantities to have better imaging quality 
regarding visual appearance and to differentiate soft tissues. 
These reasons provide PET/MRI as a first-hand approach for 
animal investigations.(21) The 7T PET/MRI animal scanner has 
exhibited promising results in the oncology field, which was 
also confirmed with a histopathological study. A PET/MRI 
scanner was used to scan a mouse with a CT26 colon tumor. 
Necrotic lesions were clearly distinguished with MRI curves 
obtained with a time-to-signal graph. This attainment would 
not have been achieved with exclusively PET, demonstrating 
the significance of the PET/MRI combination. MR contrasting 
agents and PET tracing agents, like [18F] fluoro-L-thymidine 
and [11C] methylmethionine, in adjunct diagnose tumor 
proliferation in the brain and spinal cord in the animal study.(26)

Clinical implementation of PET/MRI fusion technique
The promising growth of the fusion technique 

highlighted the need in the market to resolve its challenges 
for clinical implication. The integration of the PET/MRI 
system should be technically modified without altering the 
functionality of each modality. Apart from the primary use of 
anatomical and functional imaging, it offers various services 
in many fields, such as cancer, pediatrics, and central nervous 
and cardiovascular systems (Figure 7).(3) 

Oncology
The PET/MRI technique offers the examination of 

tumors to a larger extent as it can differentiate soft tissue, which 
has availed the assessment of head, neck, rectal, prostate, and 
gynecological cancer in depth. Evaluation of reoccurrence after 
surgery and radiation is complex as radiation can cause fibrosis, 
scarring, and tissue distortion, which can be assessed with the 
PET/MRI process.(27) Along with soft tissue discrimination, MRI 
assists in T-staging cancer. Combining MRI with PET provides 
a way to determine cancer staging efficiently. Radiation dose 
is the chief concern, particularly in the pediatric population 
suffering from cancer, prompting an investigation to decrease 
the dose and ensure safety. An investigation on 15 children with 
multifocal malignant diseases showed that the effective dose of 
a PET/MR scan was only about 20% that of the equivalent PET/
CT examination.(28) A comparative study between PET/CT and 
PET/MRI was conducted on 32 subjects suffering from different 
types of cancer by administering an 18F-fluorodeoxyglucose 
(FDG) single injection to determine which one has the better 
image outcome and time constraint. The study showed that 
simultaneous PET/MRI has better image quality, lower radiation 
dose, and less scanning time than PET/CT.(29) A similar finding 
on 80 subjects indicates the superiority and feasibility of PET/
MRI in image quality.(30) This modality gives superior results in 
the head and neck region as they require high soft tissue contrast. 
The metabolic information provided by FDG-PET complements 
the MR scanning of head and neck tumors, indicating its benefit 
in this region.(31) Another study was conducted on 20 patients to 
determine the primary tumor and metastasizing of lymph nodes; 
the study revealed the supremacy of PET/MRI over MRI and 
PET in a standalone mode, which was also positively correlated 
with the histopathological examination.(32) Other investigations 
reported different results, indicating the statistically equivalent 
performance of both modalities, PET/MRI and PET/CT, in 
assessing head and neck tumors.(33) A contrary outcome was 
that no significant observation was determined regarding the 
functionality of both modalities, indicating further study in a 
large group of patients.(34)

The characteristic of lymphoma subtypes is exacerbated 
glucose metabolism, which can be primarily diagnosed at 
different stages and given follow-up treatment by PET 18F-FDG. 
An advancement in technology led to providing the effect of 
18F-FDG-PET-MRI on image quality, where the reports indicated 
satisfactory image quality in addition to evaluating patients’ 
response to lymphoma therapy.(32) The benefit of diagnosing with 
PET/MRI modality is also noted in benign prostatic hyperplasia, 
in which choline uptake is elevated and distinguished from tumor 
lesions.(35) This modality also provides a strong role in detecting 
prostate cancer and its staging. However, the suggestions 
demonstrate high complementary outcomes with 18F-choline-
PET and diffusion-weighted MRI, but PET reported the presence 
of tumor lesions, and no such observation was shown with MRI 
diffusion-weighted imaging.(36) In addition, this fusion modality 
is efficient for assessing bone metastases, as revealed by a study 
conducted on 119 patients that found PET/MRI to be superior.(37)

Central nervous system
PET/MRI has neurological applications, which has 

widened the horizon to assess and implement it in the          Fig. 7. Clinical applications of dual-modality PET/MRI.
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diagnostic and clinical role. PET and MRI can be used to 
evaluate blood flow and oxygenation; their amalgamation is 
used to simultaneously measure functional activity. PET/MRI 
diagnostic power can provide an array of research and develop 
new targets for neurological diseases. Alzheimer’s disease is 
one of the progressive neurological diseases affecting memory 
and cognitive development, which interferes with normal 
daily activities. The incidence rate is widely increasing in the 
world. The disease occurs due to an abnormal accumulation 
of proteins in the brain. The amyloid protein is accumulated 
around the brain, and the tau protein is aggregated within the 
brain, causing this form of dementia.(38) PET modality is used 
for qualitative and quantitative measurement of changes in 
the brain due to Alzheimer’s disease. It evaluates alterations 
in the glucose metabolism in the brain and determines the 
disease’s progression and therapeutic efficacy.(39) Structural 
MRI can assess the disease-affected morphological changes 
in the brain, and volumetric measurement has strengthened 
its potential as it can evaluate disease at the early stage. 
The findings observed are atrophy in the medial temporal 
lobe in mild cognitive impairment and Alzheimer’s patients. 
The simultaneous development of PET/MRI has generated 
the area of comparison of alteration in morphology and 
metabolism, which has led to a better understanding of 
disease and therapy implications. An exploratory investigation 
conducted on Alzheimer’s patients in 2010 demonstrated a 
decrease in hippocampus glucose metabolism, compared to 
the control group. The progress from the initial stage to the 
disease outcome is accurately determined by combining PET, 
MRI, and cerebrospinal fluid biomarkers. The development 
of advanced MRI techniques such as diffusion tensor imaging 
and arterial spin labeling can provide detailed information in 
addition to anatomical detail provided by MRI and metabolic 
details by PET, accentuating the significance of this dual 
modality.(40)

Neuro-oncology studies neoplasms in the brain and 
spinal cord, where the investigation and approach are complex. 
MRI is the optimal choice for imaging neoplasms in the cranial 
region. This technique provides anatomical information; added 
gadolinium enhances MRI, which can evaluate the blood flow 
and integrity of the blood-cerebrospinal fluid barrier.(41) It has 
significant limitations, such as the use of gadolinium contrast 
can disrupt the barrier and does not provide information on 
tumor activity in detail; classifying gliomas along with their 
proliferation is not well explored. Furthermore, the response 
of therapy is not determined with MRI. 

The PET modality gives molecular details, such as 
the conversion of radio-labeled amino acids in the neoplasm 
and matrix metalloproteinase secretion. In combination the 
techniques complement each other and can help provide a 
detailed assessment, as demonstrated by different studies.(2,42) 
The efficacy of tumor assessment was found to be augmented 
more in PET/MRI than in PET/CT in a research study using 
C-methionine, Ga-DOTATOC with PET/MRI on 10 patients 
experiencing intracranial masses.(2) A study conducted on 
28 patients suffering from gliomas illustrated the grading of 
tumors by fusion of simultaneous C-methionine PET and MR 
spectroscopy. It revealed that the partial correlation shows 

the differences in distribution, which can be employed for the 
surgical processes.(42) The merging of these techniques could 
provide more depth, such as sites for biopsy, the proliferation 
of cells, and separating the tumor cell to prevent inflammation 
and necrosis. In addition, combining PET and MRI with 
enhancers like gadolinium and tracer uptake somatostatin 
helps to plan the surgery and to monitor and determine the 
reoccurrence.(43)

Cardiovascular system
PET modality is considered the gold standard to evaluate 

the viability of the myocardium non-invasively. The MRI 
modality gives anatomical details that provide insight into a 
ventricular structure and function and diagnose myocardial 
infarction. Amalgamation can illustrate the cellular and 
molecular mechanisms behind infarction. The infarcted 
myocardium is described by MRI, followed by gadolinium, 
and the viability is examined by PET. Thus, the scars in the 
myocardium can be detected by the fusion of the mentioned 
techniques. The simultaneous acquisition of information by 
PET/MRI can be used to assess cardiovascular diseases. As 
the combination can bring forth anatomical and functional 
information, the probability of differentiation between 
epicardial stenosis and microvascular dysfunction increases.
(43) PET/MRI has applications for detecting myocarditis and 
sarcoidosis. Several case studies have indicated the potential of 
fusion in cardiac sarcoidosis diagnosis, where early detection 
can manage fatal complications.(44,45) The apparent implication 
of PET/MRI in cardiac tumors is noted as its potential in the 
oncology field is fully investigated. Also, the identification of 
atherosclerotic plaque imaging can be identified using PET/
MRI dual modality as its potential is observed in PET/CT.(46) 
Therefore, the fusion of PET/MRI has a strong application in 
cardiovascular imaging.

Pediatrics
Radiation dose is of significant concern in the pediatric 

population. The imaging techniques like PET/MRI fusion 
possess an excellent possibility for imaging pediatric patients 
with low radiation doses. The integration of MRI free from 
ionizing radiation and 15O or 11C nuclides having short half-
lives provide doses in an acceptable pattern that has paved 
the way for fetus imaging in vivo. A study on 15 pediatric 
patients suffering from malignant diseases at multifocal sites 
demonstrated that the effective dose of a PET/MR scan was 
only about 20% that of the equivalent PET/CT examination; 
however, the PET/MRI takes longer, but its reliability and 
stability have been determined(28) (Figure 7).       

Conclusion
The dual-modality method has evolved at a steady 

rate in the past 20 years to complement the anatomical and 
biological findings. The fusion of PET and MRI has offered 
a multitude of functions by providing anatomical, metabolic, 
and molecular information. This modality has been preferred 
over PET/CT or PET alone. The predominant suppressing 
factor is the lower soft tissue contrast presented by PET/
CT. Another demerit is the inefficiency of developing a 
simultaneous acquisition model. PET/MRI has the upper hand 
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in providing soft tissue contrast, low exposure to radiation, 
and dynamism in acquisition models, which helps characterize 
tissues.. This substantiating approach has gained attention in 
clinical and pre-clinical research with widespread potential in 
cancer, the central nervous system, the cardiovascular system, 
pediatrics, and inflammatory diseases. Besides its magnificent 
applications, there are technical challenges, such as space and 
time constraint, quantitative imaging, the effect of PET use on 
MRI, and the impact of MRI use on PET. These shortcomings 
should be studied and improved by brainstorming notions 
for a better frame system. Furthermore, intensive research is 
required to tackle the obstacles and explore other potentials 
in clinical and pre-clinical departments to drive the impact of 
PET/MRI.    
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Abstract
Atrophic and hypertrophic scars can result from various conditions, such as acne, trauma, and surgery. Minoxidil, a 

medication used for the treatment of severe hypertension and hair loss, has been explored as a potential treatment for scars. This 
review aims to evaluate the current evidence regarding the role of minoxidil in the treatment of scars. Previously published reviews 
have primarily focused on the use of minoxidil in hair loss and have only briefly mentioned its potential use for scars. However, 
minoxidil may have a beneficial effect as an antifibrotic agent. Several studies have reported reduced collagen accumulation and 
fibrosis after treatment with minoxidil. The proposed mechanism of action is inhibition of the production of lysyl hydroxylases 
(LHs), which modify and cross-link proteins by converting lysine to hydroxylysine, making collagen more resistant to degradation. 
Minoxidil, as an LH inhibitor, has been shown to potentially benefit wound healing and regeneration in vitro by inhibiting the 
proliferation and migration of fibroblasts. To date, direct studies of the efficacy of minoxidil in treating acne scars have not been 
conducted; however, its inhibitory effects on fibroblast function and antifibrotic outcomes in some in vivo studies suggest that such 
use may be considered.(International Journal of Biomedicine. 2023;13(3):54-58.)
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Introduction
Scars are a common skin condition resulting from 

various causes, such as acne, trauma, or surgery. Scars can be 
classified into two main categories based on the net change in 
collagen content: (1) Atrophic scars, characterized by collagen 
loss, are the most common type in the context of acne scars, 
affecting around 80% to 90% of individuals. Atrophic scars 
cause depressions or indentations on the skin surface, which 
can be both aesthetically and psychologically distressing. On 
the other hand, a smaller percentage of individuals develop 
hypertrophic scars and keloids, which involve an overgrowth 
of collagen. (2) Hypertrophic scars appear as raised, firm, pink 
formations with dense collagen bundles within the boundaries 
of the original injury site.(1)

Several treatment options have been explored to manage 
scars, including laser therapy, chemical peels, and dermal 
fillers. However, these treatments can be expensive and not 
suitable for all patients.(2) Minoxidil is a medication that is 
commonly used in dermatology to treat hair loss. It works 

by dilating blood vessels in the scalp, leading to enhanced 
circulation to the hair follicles and promoting hair growth.(3) 
However, it has also been suggested that minoxidil may have 
a potential role in treating scars. Previous reviews have mainly 
focused on the use of minoxidil for hair loss and have only 
briefly mentioned its potential antifibrotic role.(4,5) 

This review aims to assess the existing evidence 
concerning the utilization of minoxidil in scar treatment. 
The review employs a narrative synthesis methodology and 
extensively searches various databases to identify pertinent 
studies. The inclusion criteria encompass in vitro experimental 
studies, randomized and non-randomized controlled trials, and 
observational studies that report the application of minoxidil 
in the treatment of fibrosis and scars.

The need for a treatment option that is both effective 
and safe for acne scars is significant, as it can significantly 
impact the quality of life of affected individuals.  Scars can 
lead to significant psychological distress, affecting self-esteem 
and confidence.(6) Furthermore, managing acne scars can be 
challenging, with many expensive and invasive treatment 
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options. The potential use of minoxidil in treating scars is a 
promising avenue that warrants further investigation.

Scar pathogenesis
The wound-healing process involves various cells, 

chemical mediators, and extracellular matrix components. 
It advances through three distinct stages: inflammation, the 
formation of granulation tissue, and the remodeling of the 
matrix.(7)

During inflammation, the injury site undergoes 
vasoconstriction for hemostasis, followed by vasodilation 
and erythema. This stage activates various cells, such as 
macrophages, granulocytes, and lymphocytes. These cells 
release inflammatory mediators that prepare the wound site 
for the subsequent formation of granulation tissue,(8) which 
involves the repair of damaged tissues and the formation 
of new capillaries. Fibroblasts are stimulated to produce 
collagen, initially dominated by type III collagen and later 
shifted to type I collagen.(9) 

During matrix remodeling, fibroblasts and keratinocytes 
play a crucial role in producing enzymes that shape the structure 
of the extracellular matrix. The balance between matrix 
metalloproteinases (MMPs) and tissue inhibitors of MMPs is 
essential. An imbalance in this ratio can lead to the formation 
of either atrophic or hypertrophic scars.(10) Atrophic scars 
occur when insufficient collagen factor deposition results in 
depressed areas. On the other hand, hypertrophic scars form 
when the healing response is overly robust, leading to the 
development of raised nodules comprised of fibrotic tissue 
(Table 1).

Acne scar types
Atrophic scars
Atrophic scars are a type of skin scarring that occurs 

as a result of loss of tissue during the wound healing process. 
Several types of atrophic scars include icepick, rolling, and 
boxcar scars. Individual scars can have characteristics of 
multiple types, and treatment options may need to be tailored 
to address the specific features of each scar.(11) Types of 
atrophic acne scars are presented in Table 2.(12)

Occasionally, patients may exhibit all three types of 
atrophic scars, making it difficult to distinguish between 
them. As a result, several authors have put forth various 
classifications and scales. One commonly utilized qualitative 

grading system is the one introduced by Goodman and Baron. 
This classification system defines four distinct grades that can 
be employed to characterize an acne scar (Table 3).(13)

Hypertrophic scars 
Hypertrophic and keloidal scars are associated with 

excessive collagen accumulation and reduced collagenase 
activity. Hypertrophic scars are typically present as elevated, 
firm, pink formations with dense collagen bundles confined 
within the boundaries of the initial injury site. The histological 
characteristics of hypertrophic scars resemble those of other 
dermal scars. In contrast, keloids manifest as reddish-purple 
papules and nodules that extend beyond the original wound 
borders. Histologically, keloids display thick bundles of 
acellular collagen arranged in the whorls. These scars are more 
prevalent in individuals with darker skin tones and primarily 
occur on the trunk.(14) 

Treatment of acne scars
Treatment Options for Atrophic Scars
Treatment options for atrophic scars have advanced in 

recent years, and several new and effective treatments have 
emerged. Here are some of the latest updates in the treatment 
of atrophic scars:

Microneedling is a technique that utilizes a device 
equipped with small needles to create tiny punctures in the 
skin. This process stimulates the production of collagen 

Table 1.
The steps involved in the pathogenesis of scars.

Step Description
1. Injury or damage to the skin.
2. Inflammation as part of the normal wound-healing process.
3. Migration of fibroblasts and other cells to the injury site, 

collagen production to form new tissue.
4. Remodeling

Atrophic scars: Decreased number of fibroblasts and collagen 
production, leading to tissue thinning.
Hypertrophic scars: Overexpressed healing reaction, leading 
to the development of raised nodules comprised of fibrotic 
tissue

Table 2.
Atrophic depressed acne scars according to Jacob et al.(12)

Acne Scars
Subtype

Clinical Features and Treatment Options

Ice-pick Narrow (<2 mm), deep, well-defined epithelial 
tracts that extend vertically into the deep dermis or 
subcutaneous tissue. Difficult to treat due to their depth 
and narrowness, but options such as chemical peels 
and laser resurfacing may be effective in reducing 
their appearance.

Rolling Dermal tethering of skin that appears relatively 
normal, with a width typically exceeding 4 to 5 mm. 
Often caused by long-term inflammatory conditions 
such as acne and may respond to treatment options 
such as subcision, microneedling, or dermal fillers.

Boxcar Depressions with round or oval shapes and distinct 
vertical edges, resembling scars from chickenpox 
(varicella). They can be shallow (diameter <3 mm) or 
deep (diameter >3 mm). Boxcar scars are often caused 
by severe acne and may respond to treatment options 
such as chemical peels, laser resurfacing, and dermal 
fillers.

Table 3.
Acne Scar Grading System (Goodman and Baron).(13)

Grade Clinical Features
I Macular or erythematous scars
II Mild atrophic scars with decreased skin texture
III Moderate atrophic scars with a visible depression
IV Severe atrophic scars with deep depressions and sharp 

edges
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and elastin, improving the appearance of atrophic scars. 
A systematic review and meta-analysis of 16 randomized 
controlled trials conducted in 2021 demonstrated the efficacy 
of microneedling as a treatment for atrophic acne scars, with 
minimal adverse effects reported.(15)

Platelet-rich plasma (PRP) therapy involves injecting 
the patient’s own PRP into the affected area. Platelets contain 
growth factors that aid in tissue repair and regeneration. A 
review article from 2020, encompassing 13 studies, indicated 
that PRP therapy shows promise as a treatment for atrophic 
acne scars. However, further research is required to establish 
the optimal treatment protocol.(16)

Fractional laser resurfacing employs laser technology 
to create skin micro-wounds, stimulating collagen and elastin 
production. A systematic review and meta-analysis of 33 
randomized controlled trials conducted in 2018 concluded 
that fractional laser resurfacing is an effective treatment for 
atrophic acne scars with a low risk of adverse effects.(17)

Chemical peels involve the application of a chemical 
solution to the skin, resulting in the exfoliation of the top layer 
and promoting the growth of new skin cells. A systematic 
review and meta-analysis of 24 randomized controlled trials 
conducted in 2019 established the effectiveness of chemical 
peels in treating atrophic acne scars. However, the optimal type 
and concentration of the chemical solution varied depending 
on the specific type of scar.(18)

Treatment Options for Hypertrophic Scars
Silicone gel is a transparent, quick-drying solution 

commonly used to prevent and treat hypertrophic acne scars. Its 
mechanism of action is not fully understood, but it is believed 
to increase hydration, protect the scar, and potentially affect 
the immune system. Clinical studies have shown a decreased 
scar thickness from 40% to 50%. Treatment duration varies 
depending on whether it is for existing scars or prevention.(19)

Intralesional steroid therapy involves injecting steroids 
directly into the scar tissue to reduce scar volume, thickness, 
and texture, as well as relieve itching and discomfort. The exact 
mechanisms are not fully understood, but they include anti-
inflammatory properties and inhibition of collagen production. 
Steroid injections are usually preceded by anesthetic creams, 
and cryotherapy may be used to enhance drug dispersion. 
Adverse reactions may occur, such as hypopigmentation, skin 
atrophy, and infections.(20)

Cryotherapy using liquid nitrogen has the potential to 
greatly enhance the appearance of hypertrophic scars and 
keloids, possibly leading to their complete regression. By 
subjecting the affected area to low temperatures, cryotherapy 
slows down blood flow and induces thrombus formation, 
resulting in tissue necrosis. Cryotherapy can be combined with 
steroid injections to enhance effectiveness. Adverse reactions 
may include changes in pigmentation, skin atrophy, and pain.(21)

Pulsed dye laser (PDL) has shown promising outcomes 
in treating hypertrophic and keloidal scars. It reduces fibroblast 
proliferation, loosens collagen fibers, and decreases collagen 
type III deposition. PDL flattens and reduces scar volume, 
improves texture, and alleviates itching and pain. Multiple 
treatments may be necessary, and common side effects include 
temporary purpura and changes in pigmentation. PDL is more 

effective for patients with lighter skin types.(22)

Surgery options for hypertrophic scars include W-plasty 
to disrupt scar patterns and autologous skin grafts to close 
wounds with minimal tension. In facial defects requiring skin 
grafts, the retro- and preauricular areas, and the neck, are 
preferred as donor sites.(23)

Other treatment approaches may be considered, such 
as intralesional injection of 5-fluorouracil, radiotherapy, 
imiquimod, interferon, elastic compression, and bleomycin. 
However, their effectiveness is limited or impractical for 
various reasons, such as lack of clinical experience, high costs, 
or inefficacy. These approaches are generally more suitable for 
hypertrophic scars not caused by acne.(14)

Minoxidil as antifibrotic agent
Minoxidil was first introduced as an oral medication 

for the treatment of severe and recalcitrant hypertension in 
the 1970s.(24) Hypertrichosis was discovered as a side effect 
of chronic use of oral minoxidil in about one-fifth of patients. 
This observation prompted the development of a topical 
formulation to stimulate hair growth.(25) Topical minoxidil was 
FDA-approved specifically for androgenic alopecia (AGA) in 
1988 as a first-line treatment for men with mild-to-moderate 
AGA,(26,27) subsequently for females. Topical minoxidil 
is used in both 2% and 5% foam and liquid solutions with 
varying efficacies for AGA in men and women.(28.29) Minoxidil 
downregulates the expression of the procollagen-lysine and 
2-oxoglutarate 5-dioxygenases (PLODs) genes and their 
encoded catalyze lysyl hydroxylase (LH) proteins.(30) It was 
reported to reduce lysyl hydroxylase activity by decreasing 
the LH1 mRNA level.(31,32) Because the LHs modify and cross-
link proteins by converting lysine to hydroxylysine, they make 
collagen more resistant to degradation.(33,34) Thus, limiting 
the supply of hydroxylysines for hydroxyallysine cross-link 
formation, minoxidil leads to antifibrotic effects.(32)

Zuurmond et al.(35) demonstrated that minoxidil 
treatment of cultured fibroblasts reduces LH1>>LH2b>LH3 
mRNA levels depending on dose and time but has essentially 
no effect on the total number of pyridinoline ross-links in 
the collagen matrix. However, the collagen produced in the 
presence of minoxidil displayed some remarkable features: the 
hydroxylation of triple helical lysine residues was reduced to 
50%, and lysylpyridinoline cross-linking was increased at the 
expense of hydroxylysylpyridinoline cross-linking, pointing 
out that the LH1 mRNA levels were the most sensitive to 
minoxidil treatment, and LH1 has a preference for triple 
helical lysine residues as substrate. The authors concluded 
that minoxidil is unlikely to serve as an antifibrotic agent, but 
confers characteristic features to the collagen matrix. 

Shao et al.(36) found that the effects of minoxidil appear 
to be mediated at least partly through the TGF-β1/Smad3 and 
the MMPs/TIMPs pathways, resulting in reduced levels of 
lysylpyridinoline and hydroxylysylpyridinoline, resulting in a 
decrease in collagen biosynthesis.

In a study by Priestley et al.,(37) the effects of minoxidil 
in vitro were researched using fibroblasts grown from the 
lesional skin of patients with lichen sclerosus and morphea, 
and from the normal skin of healthy individuals. The 
proliferation of all fibroblast lines over 3 days was inhibited in 
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proportion to the concentration of minoxidil, being 20% or less 
of controls at 1mM. At 5mM, there was usually a net loss of 
cells. Secretion of glycosaminoglycans by normal fibroblasts 
showed a concentration-dependent reduction, being 25±6% of 
that of untreated cultures with 1mM minoxidil. In contrast, 
minoxidil at 0.1-1mM stimulated the proliferation of foreskin 
keratinocytes by up to 130%. The range of inhibitory effects 
of minoxidil on both normal and abnormal skin fibroblasts in 
vitro and stimulation of skin epithelial cells led the authors to 
conclude that minoxidil may provide proper topical treatment 
for keloids and other fibrosis.

Knitlova et al.(38) assessed the in vitro antifibrotic effects of 
minoxidil on clubfoot-derived cells. Minoxidil concentrations of 
0.25 mM, 0.5 mM, and 0.75 mM inhibited cell proliferation in 
a concentration-dependent manner without causing a cytotoxic 
effect. Minoxidil in concentrations of ≥0.5 mM decreased 
collagen type I accumulation after 8 and 21 days in culture, 
demonstrating the potential antifibrotic effects in vivo. 

A study by Freiha et al.(39) evaluated the effects of 
topical minoxidil 5% cream on full-thickness thermal 
skin burns in a Wistar rat model. The results showed that 
minoxidil reduced necrosis and increased wound contraction 
rates, resulting in positive results after one week of treatment 
regarding local antioxidant protection, keratinocyte 
migration, neo-capillarization, chronic inflammation, and 
fibrosis rate. However, after two weeks, the opposite results 
were observed.

Polo et al.(40) studied the capability of minoxidil to 
inhibit various fibroblast functions in vivo using an established 
animal model of wound contraction. Standardized cutaneous 
wounds were created on the dorsum of Sprague-Dawley rats. 
Minoxidil did not demonstrate significant inhibition of wound 
contraction rates that do not support the proposed use of 
minoxidil as an antifibrotic agent.

In conclusion, minoxidil has been shown to benefit 
wound healing and regeneration in vitro by inhibiting the 
proliferation and migration of fibroblasts. However, its 
potential as an antifibrotic agent for therapeutic use is still not 
demonstrated. It requires additional studies involving more 
study groups and more extended follow-up periods.
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Abstract
Background: An attempt was made to study the effect of surgical myocardial revascularization on the processes of electrical 

myocardium instability underlying the occurrence of life-threatening ventricular arrhythmias, as well as the possibility of its 
non-invasive assessment by studying heart rate variability (HRV) and heart rate turbulence (HRT), as well as the duration and 
dispersion of the QT interval. Based only on the presence of viable myocardium, it is often impossible to predict the positive impact 
of revascularization on a patient’s prognosis, especially with reduced myocardial contractility. Moreover, given the well-studied 
relationship between myocardial remodeling and neurohormonal activation, non-invasive methods for assessing the autonomic 
regulation of cardiac activity can provide additional diagnostic information. Along with this, changes in these indicators and their 
prognostic role in patients with coronary artery disease after revascularization are subjects of discussion. 

Methods and Results: All patients underwent a comprehensive clinical and biochemical blood test, transthoracic 
echocardiography, tissue Doppler echocardiography, ultrasound examination of brachiocephalic arteries, selective coronary angio- 
and ventriculography, as well as Holter monitoring. Results show that a year after the coronary intervention, there was a significant 
positive trend in the frequency and structure of ventricular arrhythmias. HRV indicators generally did not show significant 
dynamics. Only an increase in the values of the standard deviation of 5‐minute average NN intervals (SDANN) and low-frequency 
power (LFP) indices was noted, indicating a gradual increase in the activity of the sympathetic part of the autonomic nervous 
system. HRT indicators also did not show significant dynamics. A significant increase was found in the number of patients with 
no signs of impaired HRT. The average duration of the QT interval decreased significantly. There was also a tendency to shorten 
the corrected QT interval; however, it was insignificant. In terms of dispersion, both the QT interval and its corrected index, no 
significant dynamics were recorded in the general group of patients.

Conclusion: Our study found that in patients with prior myocardial infarction, after revascularization, significant positive 
dynamics were recorded in life-threatening ventricular arrhythmias, but were unreliable for the indicators of autonomic regulation 
of cardiac activity, such as HRV and HRT.(International Journal of Biomedicine. 2023;13(3):59-65.)
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Introduction
Myocardial revascularization can significantly improve 

the long-term prognosis of patients with coronary artery 
disease (CAD). Currently, the indications for this intervention 
in the most severe patients are gradually expanding. 
Myocardial revascularization in patients with multivessel 
CAD significantly reduces the risk of death from fatal 
ventricular arrhythmias, progression of heart failure (HF), and 
acute myocardial infarction (MI).(1)

Even if there are indications for myocardial 
revascularization, it is necessary to choose the optimal method 
for its implementation: percutaneous intervention (PCI) 
or coronary artery bypass graft (CABG). It is important to 
consider that the best results to date have been obtained with 
auto-arterial bypass or angioplasty with implantation of drug-
eluting stents; however, CABG can more often provide more 
complete myocardial revascularization than PCI.(2)

In recent years, there has been a peculiar evolution 
of endovascular interventions, largely due to the broader 
introduction into practice of the latest generation of drug-
eluting stents, which led to a significant improvement in the 
results of PCI and made the level of PCI recommendations 
equal to CABG in patients with single-vessel disease (IA). In 
addition, PCI significantly improved its position in patients 
with two- and three-vessel lesions and SYNTAX scores less 
than 22. However, in patients with moderate and severe three-
vessel disease (scores 23-32 or more), CABG remains the key 
method of revascularization.

Due to the great urgency of the problem of choosing the 
optimal method of revascularization in patients with CAD, 
attempts to compare the results of PCI and CABG continue. 
Based on the results of multicenter studies conducted in recent 
years, devoted to the study of this issue, 3 main conclusions 
can be drawn: (1) After CABG, there are excellent results in 
patient survival, especially with long-term follow-up;(3) (2) 
CABG leads to a decrease in the incidence of cardiovascular 
and cerebrovascular complications;(4-6) (3) There is a higher 
rate of repeat revascularization after PCI.

However, despite successful myocardial revascularization, 
a number of patients develop life-threatening ventricular 
arrhythmias already in the first year, and the symptoms of heart 
failure (HF) do not decrease or progress. This is due to the fact 
that in the pathogenesis of the development of life-threatening 
ventricular arrhythmias, myocardial ischemia is only one of 
the factors,(7) and thus, myocardial revascularization, reducing 
the effect of ischemia on the development of arrhythmia, has a 
limited effect on the substrate of ventricular arrhythmias in the 
form of cicatricial myocardial damage. In addition, the ongoing 
progress of the atherosclerotic process in the coronary arteries 
and the development of shunt or stent obstruction also affect the 
results of revascularization.(8)

One of the important tasks is the earliest detection of 
patients at high risk of developing various adverse events, 
primarily life-threatening ventricular arrhythmias. To 
date, non-invasive indicators have been proposed that are 
determined using Holter monitoring, particularly heart rate 
variability (HRV) and heart rate turbulence (HRT).(9) Based 

on numerous data, their effectiveness in assessing the risk of 
cardiovascular mortality and sudden cardiac death (SCD) in 
patients with CAD and HF has been demonstrated.

The currently existing models of stratifying patients 
by sudden-death risk groups usually provide for assessing 
changes in the systolic function of the left ventricle, and 
to a lesser extent, indicators characterizing the electrical 
instability of the myocardium. At the same time, the study 
of HRV, HRT, and QT interval dispersion to clarify the 
specific mechanisms of development and progression of life-
threatening ventricular arrhythmias, especially in patients 
with acute MI, seems to be a promising direction.(10) Even 
more interesting is the study of the effect of myocardial 
revascularization on the dynamics of non-invasive indicators 
of myocardial electrical instability.

The aim of this study was to evaluate non-invasive risk 
factors for SCD in post-MI patients with preserved LVEF, as 
well as their correction after various methods of myocardial 
revascularization. 

Materials and Methods
To study the possibilities of non-invasive assessment 

of electrical myocardium instability (EMI), we examined 239 
patients aged 35 to 84 years (median age - 61 [55; 66] years) 
with a history of acute MI of various localization and with 
different natures of the lesion of the coronary bed, established 
based on the results of diagnostic selective coronary 
angiography.

Exclusion criteria were patients with impaired 
sinoauricular or atrioventricular conduction, or with no 
history of MI, hyperthermia, or the presence of diseases 
that significantly alter HRV (diabetes mellitus, hypo- or 
hyperthyroidism, extensive alcohol consumption, severe 
respiratory, renal, or hepatic insufficiency, cancer, etc.). 

Upon admission to the hospital, all patients 
underwent a comprehensive clinical and biochemical 
blood test, transthoracic echocardiography, tissue Doppler 
echocardiography, ultrasound examination of brachiocephalic 
arteries, selective coronary angio- and ventriculography, as 
well as Holter monitoring using the CardioSens+ system (XAI-
MEDICA, Ukraine). Monitoring was carried out in conditions 
of free movement of patients on standard therapy, which 
included antiplatelets, β-blockers, ACE inhibitors or ARBs, 
statins, nitrates (if necessary), and amiodarone (if necessary, in 
patients with potentially dangerous ventricular arrhythmias). 
Premature ventricular contractions (PVC) of III-V grades 
(Lown grading system)(11) and ≥10 PVC/hour were regarded 
as potentially dangerous ventricular arrhythmias.

The analysis of the obtained data included time and 
frequency domain methods of HRV, To, and Ts of HRT, as 
well as QT interval duration and dispersion.

Statistical analysis was performed using the statistical 
software «Statistica» (v13.0, StatSoft, USA). Baseline 
characteristics were summarized as frequencies and 
percentages for categorical variables. Continuous variables 
with normal distribution were presented as mean (standard 
deviation [SD]); non-normal variables were reported as 
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median (Me) (interquartile range [IQR]). A probability value 
of P<0.05 was considered statistically significant.

The study protocol was reviewed and approved by the 
Ethics Committee of the Republican Specialized Scientific 
and Practical Medical Center of Cardiology. All participants 
provided written informed consent. 

Results
The clinical characteristics of the patients were 

compiled according to the results of the initial examination. 
The main group of patients consisted of men (82.8%) of ≥55 
years (mean age 60.1±8.1 years), mostly with a history of 
anterior MI (57.7%) (Table 1). The presence of post-infarction 
aneurysm of the left ventricle was noted in 10.5% of cases. 
Also, it should be noted that 46.0% of patients were overweight 
and 40.1% were obese, with varying degrees of severity; thus, 
only 13.8% had normal body weight.

When assessing heart rate (Table 2), attention is drawn 
to the frequency, density, and categories of PVCs using Holter 
monitoring (Table 3), as well as to the relative rigidity of the 
baseline sinus rhythm, which is expressed in an insignificant 
difference between the average values of daytime and 
nighttime heart rate and, accordingly, in a decrease in the 
circadian index (CI).

PVCs noted in all subjects, as a whole, had a relatively 
unfavorable character (Table 3). Potentially dangerous ventricular 
arrhythmias were observed in almost 60% of the examined 
patients. When analyzing the structure of potentially dangerous 
ventricular arrhythmias, taking as a basis the maximum class 
of PVC registered in the patient, classes II and V of PVC were 
not observed in any of the examined patients, class III was 
detected in 19.9%, IVA in 26.9%, and IVB in 12.3%. When 
assessing the frequency of PVCs, frequent extrasystoles >10 
PVCs/hour were detected in 48.5% of cases.

HRV, assessed per day by both time and frequency 
methods, was characterized by a significant decrease in the 
values of indicators of both the total HRV and its components, 
as well as the predominance of the low-frequency component 
of HRV with an increase in the LFP/HFP ratio to 3.5, which 
indicates predominant sympathetic activity (Table 4).

Analysis of the HRT indicators did not reveal a decrease 
in the values of the To and Ts indicators, on average, for the 
group examined (Table 5). However, with an appropriate 
division of the patients, a quarter of them had HRT disorders, 
which allowed them to be classified either in category 
1(19.0%) or category 2(5.9%) (Table 6).

The daily duration of both the QT interval and its 
corrected QTc index, calculated according to the Bazett 
formula, as a whole had normal values (Table 7).

Table 1.
Clinical characteristics of the general group of patients (n=239).

Age, years 60.1±8.1 61 [55; 66]

Sex Men
Women

198 (82.8%)
41 (17.2%)

BMI, kg/m 2 29.1±4.6 29 [25.8; 31.6]

Normal body weight, n (%) 33 (13.8%)

Overweight, n (%) 110 (46.0%)

Obesity
Class I
Class II
Class III

82 (34.3%)
8 (3.3%)
6 (2.5%)

MI localization Anterior
Posterior

138 (57.7%)
101 (42.3%)

Left ventricular aneurysm 25 (10.5%)

Table 2.
Dynamics of heart rate according to Holter monitoring data in the 
general group of patients (n=239) after 1 year of follow-up.

Parameter
Initial value One year after of

revascularization

P-
va

lu
e

M±SD Me[Q1;Q3] M±SD Me[Q1;Q3]

Average 
HR, bpm 68.6±8.9 68.5[62;75] 72.7±9.3 71[67;77] 0.010

Maximum 
HR, bpm 101.1±14.7 100[90.5;112] 110.8±19.1 109[99;119] 0.008

Minimum
HR, bpm 54.2±7.8 54[49;59.5] 55.1±9 53[49;60] 0.409

Daytime
average HR,
bpm

71.2±10.5 71[64.5;78.5] 76.5±10.1 74[69;82] 0.019

Nighttime
average HR,
bpm

69.2±57.4 65[59;71] 66.5±8.8 65[61;71] 0.229

CI 1.1±0.06 1.1[1.06;1.13] 1.15±0.08 1.15[1.1;1.2] 0.000

Table 3.
Dynamics of the frequency and structure of ventricular ectopic 
activity according to Holter monitoring data in the general group 
of patients (n=239).

Parameter Initial
value

One year 
after REV

Fr
ie

dm
an

A
N

O
VA

 χ
 2

P-
va

lu
e

PVC density, % 1.09±3.86 0.41±0.88 0.07 0.789

PDVA, n (%) 141(58.9%) 110 (46.0%) 31.0 0.000

Frequent (>10/hour) PVC, % 110(46.0%) 79 (33.1%) 31.0 0.000

PVC class (Lown), 
registered in a patient,
n (%)

I
II
III
IV A
IV B

239(100%)
82(34.5%)

136(56.7 %)
91(38.0 %)
29(12.3 %)

197 (82.4%)
34 (14.2%)
107 (44.8%)
70 (29.3%)
14 (5.9%)

42.0
48.0
29.0
21.0
15.0

0.000
0.000
0.000
0.000
0.000

Highest registered 
PVC class (Lown), 
n (%)

0
I
III
IV A
IV B

0(0%)
98(40.9%)
48(19.9%)
64(26.9%)
29(12.3%)

42 (17.6 %)
87 (36.4%)
34 (14.2%)
62 (25.9%)
14 (5.9%)

42.0
11.0
14.0
2.0
15.0

0,000
0,001
0,000
0,157
0,000

 REV -revascularization; PDVA -Potentially dangerous ventricular
arrhythmias
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The QT interval dispersion (dQT) of the corrected 
QTc interval (dQTc), measured as the difference between the 
maximum and minimum values of the QT interval and QTc 
obtained from the analysis of the daily ECG recording, also 
did not show a significant increase (Table 7).

One year after the coronary intervention, the patients 
underwent HM again. The results showed that the heart 
rate, on average, increased somewhat (Table 2), so both the 
average and maximum heart rate, as well as the average daily 
heart rate, significantly increased. At the same time, both 
the minimum heart rate and the average nighttime heart rate 
slightly decreased, which, despite the absence of significant 
dynamics from these indicators, led to a significant increase 
in the CI.

When analyzing ventricular arrhythmias according to 
dynamic HM in the general group of patients, we found a 
significant positive trend in both the frequency and structure 
of PVC (Table 3). In particular, in 17.6% of patients, there 
were no signs of ventricular ectopic activity, and all previously 
diagnosed PVC classes, according to the Lown grading 
system, registered significant positive dynamics.

The majority of the HRV indicators did not show 
significant dynamics (Table 4) in the general group of patients. 
Only an increase in the values of the SDANN and LFP indicators 

Table 4.
Dynamics of HRV according to Holter monitoring data in the general group of patients (n=239).

Parameter
Initial value One year after revascularization

P-value
M±SD Me [Q1; Q3] M±SD Me [Q1; Q3]

SDNN, ms 41.4±14.8 39.3 [31.6; 47.8] 41.8±14.9 39.7 [32.5; 49.4] 0.237

SDANN, ms 80.6±25.8 79.7 [64.2; 96.7] 99.4±32.1 96.2 [78.6; 114.1] 0.013

rMSSD, ms 23.3±16.7 18.7 [14.3; 27.7] 20.9±9.6 18.2 [15.1; 26.1] 0.694

pNN50, % 5.1±8.1 1.8 [0.5; 6.1] 3.6±4.3 1.5 [0.7; 4.9] 0.694

HRV TI 9.1±2.8 9 [7.3; 10.7] 8.9±2.5 8.7 [7.3; 10.3] 0.694

TP, ms2 2240.4±1624.4 1806.2 [1174.2; 2624.8] 2516.9±2058.6 1934.2 [1340; 3139.9] 0.435

ULF, ms2 93.8±245 25.9 [11.5; 68.1] 102.2±176.4 45.7 [22.2; 80.2] 0.149

VLF, ms2 1452.8±1058.8 1150.8 [786.5; 1826.9] 1593.3±1307.2 1288.1 [813.2; 2048.3] 0.435

LF, ms2 445.8±366.8 333.7 [197.1; 566.9] 580.2±542 456.8 [253.3; 715.1] 0.006

LFnorm, % 67.3±12.9 70.4 [59.3; 76.4] 70.3±10 71.9 [63.7; 78.1] 0.237

HF, ms2 247.5±335.9 137.7 [71.1; 309.3] 241.3±215.4 178.8 [90.8; 338.8] 0.088

HFnorm, % 32.3±12.7 29.5 [23.5; 40.2] 29.7±10 28.1 [21.9; 36.3] 0.237

LF/HF 3.5±2 3.1 [2.1; 4.5] 3.8±2.4 3.3 [2.4; 4.7] 0.358

Table 5.
Dynamics of HRT according to Holter monitoring data in the general group of patients (n=239).

Parameter
Initial value One year after revascularization

P-value
M±SD Me [Q1; Q3] M±SD Me [Q1; Q3]

To, % -0.93±1.91 -0.81 [-2.2; 0.15] -1.03±3.1 -0.99 [-1.72; -0.3] 0.689

Ts, ms/RRi 4.92±4.18 4.07 [1.59; 6.93] 6.97±8.91 4.95 [2.55; 8.2] 0.230

Table 6.
Dynamics of the category of decrease in HRT according to Holter 
monitoring data in the general group of patients (n=239).

Initial
value

After 1 year
of observation

ANOVA
 χ2 P-value

HRT category
of decrease,
n (%)

0
1
2

180 (75.1%)
45 (19.0%)
14 (5.9%)

213 (89.1%)
21 (8.8%)
5 (2.1%)

33.0
24.0
9.0

0.000
0.000
0.003

Table 7.
Dynamics of QT interval duration and dispersion according to 
Holter monitoring data in the general group of patients (n=239)

Pa
ra

m
et

er Initial value After 1 year of observation

P-
va

lu
e

M±SD Me[Q1;Q3] M±SD Me[Q1;Q3]

QT, ms 396.4±39.5 396[368;424] 380.7±29.2 380[360;400] 0.011

QTc, ms 417.3±42.3 421[394;440] 413.8±25 411[394;433] 0.896

dQT, ms 91.7±44.9 84[64;108] 93.9±39.2 84[64; 16] 0.894

dQTc, ms 70±39.2 60[43;85] 74.7±38 61[45;96] 0.683
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was noted, indicating a further increase in the activity of the 
sympathetic division of the autonomic nervous system.

HRT indicators also did not show significant dynamics, 
remaining within normal physiological values, on average 
(Table 5). However, with the appropriate division into groups, 
according to the category of HRS reduction (Table 6), the 
number of patients with no signs of HRS disorders and who 
were included in category 0 increased significantly from 
75.1% to 89.1%, with a corresponding significant reduction in 
the number patients in categories 1 and 2.

The duration of the QT interval, according to HM in the 
general group of patients, significantly decreased (Table 7). 
There was also a tendency to shorten the corrected QT interval; 
however, it was not significant. In terms of dispersion, for both 
the QT interval and its corrected index, no significant dynamics 
were recorded in the general group of patients.

Discussion
The most common cause of SCD in patients with 

a history of life-threatening ventricular arrhythmias is 
monomorphic ventricular tachycardia with the transition to 
ventricular fibrillation, polymorphic ventricular tachycardia of 
the “torsades de pointed,” and primary ventricular fibrillation.
(12) It is now well known that myocardial ischemia is one 
of the important triggers of ventricular arrhythmias and, 
therefore, myocardial revascularization, eliminating the cause 
of ischemia and reducing the risk of complete occlusion of 
the coronary artery, can reduce the risk of developing life-
threatening ventricular arrhythmias and improve prognosis.
(2) In particular, myocardial revascularization significantly 
reduces the risk of developing life-threatening ventricular 
arrhythmias in the presence of damage to the trunk and 
proximal anterior descending artery and, in this case, is a 
necessary intervention.(13)

The main factors that most often provoke the 
development of life-threatening ventricular arrhythmias in 
CAD are myocardial ischemia, which acts as an arrhythmia 
trigger, and the presence of myocardial cicatricial changes 
after a past acute MI, acting as a substrate. Several studies(14,15) 
showed that this combination of trigger and substrate most 
often leads to the development of fatal ventricular arrhythmias. 
Acute ischemia caused even by complete occlusion of the 
coronary artery is much less likely to cause fatal ventricular 
arrhythmias in the absence of arrhythmia substrate in the 
form of myocardial cicatricial changes. On the contrary, in 
the presence of cicatricial changes in the myocardium, even 
a partial narrowing of the arterial lumen can already lead to 
ventricular tachycardia induction in most patients.(15)

With extensive areas of post-infarction myocardial 
damage affecting global LV systolic function, the amount 
of viable myocardium plays an important role in improving 
myocardial contractility after revascularization. Identifying a 
sufficient amount of viable myocardium (16) can often influence 
the decision on the possibility of revascularization, especially 
in patients with reduced LVEF.

Unfortunately, viable myocardial contractility after 
revascularization cannot be recovered in all cases. In 

2004, Schinkel et al.(17) did not observe improvement in LV 
contractility after revascularization in about a third of patients 
with viable myocardium and, first of all, in patients with 
signs of severe post-infarction myocardial remodeling. In 
such a large study as STICH, the initial presence of a viable 
myocardium did not affect improvement in the survival of 
patients after surgical myocardial revascularization, compared 
with patients who received conservative therapy.(18) These 
results demonstrated that relying only on the presence of viable 
myocardium made it impossible to predict the positive effect 
of revascularization on the prognosis for patients, especially 
those with reduced myocardial contractility; and given the 
well-studied relationship between myocardial remodeling and 
the development of HF with neurohormonal activation, such 
non-invasive methods for assessing the autonomic regulation 
of cardiac activity using HM, such as HRV and HRT, can 
provide additional diagnostic information.

In patients with HF events and risk of ventricular 
tachycardia, the interaction of multidirectional regulatory 
mechanisms is probably important, which can be indirectly 
assessed using HRV and HRT. In various studies, the analysis 
of the HM data of patients immediately before the onset of 
ventricular tachycardia revealed signs of worsening HRV.(19)

With the help of the main parameters used in the analysis 
of HRV, one can first of all single out a group with a significant 
decrease in HRV and with formation of the so-called «rigid» 
rhythm, which, in itself, unequivocally, can be called a 
prognostically unfavorable sign. That is because in large 
studies a poor prognosis was demonstrated in this category of 
patients who underwent acute MI and a pronounced decrease 
in HRV. Thus, the possibility of using the HRV assessment 
technique to determine the risk of adverse events, primarily 
general and cardiovascular mortality, was confirmed.(20)

Numerous studies(20-24) have shown the role of HRV 
indicators as a prognostic criterion for mortality. SDNN is 
considered the indicator of a temporary method that is most 
often mentioned in the results of clinical trials and effectively 
determines the prognosis of mortality after acute MI. As for 
the study of the effect of revascularization on HRV parameters, 
based on the literature data, it can be concluded that myocardial 
revascularization, and, in particular, CABG, is accompanied 
by a decrease in HRV in the immediate postoperative period, 
and over the next 2-3 months there is an increase in indicators 
for HRV to preoperative levels, even in patients with low 
LVEF. Also, there is evidence of an association between low 
HRV and higher mortality in patients 3 years after CABG.(24)

Both characteristics of HRT are significantly affected by 
the level of LVEF. HR parameters are significantly reduced 
in patients with HF events, as well as those with structural 
heart lesions, even with intact EF. The prognostic value of 
the method has been demonstrated in such studies as MPIP, 
EMIAT, ISAR-HRT, and FINGER as a predictor of cardiac 
death, including SCD, and as a risk factor for ventricular 
arrhythmias (CARISMA study). According to the data, patients 
with pathological HRT category 2 have the most unfavorable 
prognosis. In the case of pathological HRT category 1, the 
prognosis was more often determined by the change in the Ts 
index.
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A change in HRT affects the prognosis in patients with 
reduced EF and, importantly, increases the positive predictive 
value of reduced EF.(25) It is important that HRT determines 
the prognosis of cardiovascular mortality and SCD not only 
in patients with reduced LVEF, but also in patients without 
severe systolic dysfunction.(26) In particular, in the ISAR-
Risk study, the levels of SCD and cardiovascular mortality 
in patients with severe autonomic dysfunction and in patients 
with preserved LVEF were similar to that with a significant 
decrease in EF of <30%.

The impact of surgical revascularization on HRT 
scores on subsequent adverse events has been researched in 
only a few studies. One of them proved the influence of the 
preoperative Ts value on mortality during the first year after 
CABG; another study(27) demonstrated a deterioration in 
HRT after surgery, which may have been associated with a 
change in baroreflex function and autonomic regulation after 
the surgical intervention. Indeed, the results of many studies 
testify to the deterioration of various indicators of autonomic 
regulation after major surgery. However, it is necessary to 
consider that the rate of recovery of autonomic regulation of 
cardiac activity and the degree of its decrease in patients may 
be different, which may reflect a different functional state of 
the patient and affect outcomes after surgery in different ways. 
Therefore, there is a need to further study the HRT dynamics 
at different times after myocardial revascularization and the 
impact of these changes on further prognosis.

Thus, literature data indicate that myocardial 
revascularization is an effective treatment for patients with 
CAD. HF, ventricular arrhythmias, and relapses of angina 
pectoris and MI are the main problems that determine an 
unfavorable outcome in the postoperative period in a number 
of patients. There is important evidence that violations of 
the autonomic regulation of the heart’s activity and the 
heterogeneity of repolarization processes in the myocardium 
are integral indicators of morphofunctional changes that 
occur during the progression of CAD. The role of HRV and 
HRT indicators as predictors of SCD, mainly due to fatal 
ventricular arrhythmias and cardiovascular mortality, has 
been demonstrated. Along with this, changes in the above 
indicators and the prognostic role in patients with CAD on 
the background of revascularization are subjects of discussion 
because there are practically no works devoted to studying 
the effect of various methods of revascularization on the 
parameters of myocardial electrical instability, as one of the 
most important factors in the development of life-threatening 
ventricular arrhythmias, which is a predictor of SCD, 
especially in patients who have previously had MI.

The number of studies on the effect of myocardial 
revascularization on the indicators of autonomic regulation of 
cardiac activity and the possibility of their use as prognostic 
criteria before and after surgery is also insufficient, which 
determines the relevance of further research in this direction.

In conclusion, our study found that in patients with 
prior MI, after revascularization, significant positive dynamics 
were recorded in life-threatening ventricular arrhythmias, but 
were unreliable for the indicators of autonomic regulation of 
cardiac activity, such as HRV and HRT.
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Abstract
Background: Regardless of the mean blood pressure (BP) value, short-term and long-term BP variability (BPV) are 

associated with the development and progression of target organ damage and predictors of cardiovascular complications and 
mortality. The purpose of the present study was to evaluate the prognostic significance of increased BPV in patients with 
arterial hypertension (AH).

Methods and Results: The study consisted of two stages. In the first stage, a retrospective analysis of 365 ABPM (24-hour 
ambulatory blood pressure monitoring) results was carried out. As a result of the analysis, 271 patients aged 56.1±10.0 years with 
uncontrolled AH Grades 1-3 (ESC/ESH, 2018) were included in this study. Depending on the values of BPV, AH patients were 
divided into two groups: Group 1 consisted of patients with normal BPV (n=145), and Group 2 consisted of patients with increased 
BPV (n=126). The second stage included 91 patients with uncontrolled hypertension without permanent antihypertensive therapy 
who had increased SBPV. 

We found statistically significant differences in BP between the AH patients with normal BPV and increased BPV. Thus, 
in the group with normal BPV, compared with increased BPV, the parameters of the average 24-h systolic BP (SBP), daytime 
SBP, and nighttime SBP were statistically lower (141±14.6 vs. 147.2±20.2 mmHg, P<0.004; 142.8±15.1 vs. 148.4±20.7 mmHg, 
P<0.01; and 136.2±15.5 vs. 143.8±21.4 mmHg, P<0.001; respectively).

A statistically significant moderate direct correlation was found between the average 24-h SBP and the average 24-h and 
daytime SBP variability (SBPV) (rs=0.49 and rs=0.40 respectively, P<0.001 in all cases).  A statistically significant moderate to weak 
direct correlation also was found between the average daytime SBP, and the average 24-h and daytime SBPV (rs=0.45 and rs=0.37, 
respectively, P<0.001 in all cases). A moderate direct correlation was found between nighttime SBP and 24-hour SBPV (rs=0.52, 
P<0.001) and between nighttime SBP and daytime SBPV (rs=0.42, P<0.001). Weak direct correlations were found between the 
average 24-h SBPV and central SBP (SBPc) (rs=0.34, P<0.001), as well as between the average 24-h and daytime SBPV and central 
pulse pressure (PPc) (rs=0.33 and rs=0.32, respectively, P<0.001 in all cases). A weak direct correlation was found between carotid 
intima-media thickness (CIMT) and the average 24-h and daytime SBPV (rs=0.37 [P<0.001] and rs=0.3 [P=0.04]).

Conclusion: The increased SBPV is associated with impaired diurnal blood pressure profile (DBPP) and structural 
and functional changes in blood vessels, in particular, an increase in SBPc and PP in the aorta, and CIMT thickening, which 
characterizes increased BPV as a predictor of vascular remodeling in patients with uncontrolled AH.(International Journal of 
Biomedicine. 2023;13(3):66-71.)
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Introduction
High blood pressure (BP) is a leading risk factor for 

cardiovascular disease. BP shows marked fluctuations in the 
short and long term.(1) Such fluctuations over time, expressed in 
appropriate terms of descriptive statistics (standard deviation, 
coefficient of variation), are called BP variability (BPV). 
Regardless of the mean BP value, short-term and long-term 
BPV are associated with the development and progression 
of target organ damage and predictors of cardiovascular 
complications and mortality.(2,3)

For a long time, BPV was considered as a random 
variable that does not deserve attention when working with 
a patient. The impetus for the beginning of BPV study was 
the introduction into clinical practice of the technique of 
daily monitoring of blood pressure (ABPM) in the 1970s. 
One of the first works concerning the study of BP variability 
dates back to the early 1990s when Italian scientist Frattola 
and colleagues,(4) using invasive 24-hour BP monitoring, 
demonstrated the relationship between increased BPV and the 
severity of target organ damage. All markers of target organ 
damage (microalbuminuria, increased PWV, left ventricular 
hypertrophy, and atherosclerotic plaques in the carotid arteries) 
are independent predictors of death from cardiovascular 
disease.

In 2000, Circulation published an article by Dirk Sander 
and co-authors(5) devoted to the study of the association of 
BPV with the risk of early progression of atherosclerosis in 
patients with hypertension. In 2010, a number of publications 
appeared with the results of the ASCOT BPLA study on BPV, 
in which, for the first time, BP was assessed not by the results 
of ABPM but within and between visits. Thus, in The Lancet, 
the results of an analysis of BPV, conducted by Professor Peter 
Rothwell,(6,7) were published, according to which high long-
term variability in systolic blood pressure (SBP) has a much 
more pronounced direct relationship with the frequency of 
cerebrovascular and coronary events than the average level of 
SBP in the brachial artery.

The purpose of the present study was to evaluate the 
prognostic significance of increased BPV in patients with 
arterial hypertension (AH).

Materials and Methods
The study consisted of two stages. In the first stage, a 

retrospective analysis of 365 ABPM results was carried out. 
As a result of the analysis, 271 patients aged 56.1±10.0 years 
with uncontrolled AH Grades 1-3 (ESC/ESH, 2018) were 
included in this study. 

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

Office BP was measured using a mercury 
sphygmomanometer, according to Korotkov’s method. BP 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 interpretation of the results 
was based on generally accepted recommendations for ABPM 
quality criteria: monitoring duration of at least 23 hours, 50 
successful measurements, and no “gaps” in the record lasting 
more than 1 hour.

Depending on the values of BPV, AH patients were 
divided into two groups: Group 1 consisted of patients with 
normal BPV (n=145), and Group 2 consisted of patients with 
increased BPV (n=126). When creating groups with increased 
and normal variability in SBP and DBP, we conditionally set 
the threshold levels of daytime SBP variability (SBPV) – 15 
mmHg, daytime DBP variability (DBPV) – 14 mmHg, and 
nighttime SBPV and DBPV – 15 mmHg and 12 mmHg, 
respectively.

The second stage included 91 patients with uncontrolled 
hypertension without permanent antihypertensive therapy 
who had increased SBPV, according to ABPM. The mean age 
of the patients was 52.8±11.9 years. 

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 
as the central SBP (SBPc), central DBP (DBPc), central PP 
(PPc), and PWV were analyzed.

All patients underwent echocardiography with the 
determination of the left ventricular mass index (LVMI), 
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. 

Statistical analysis was performed using the statistical 
software package SPSS version 26.0 (SPSS Inc, Armonk, 
NY: IBM Corp). 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 mean± standard 
deviation (SD) for continuous variables. For data with normal 
distribution, inter-group comparisons were performed using 
Student’s t-test. Spearman’s rank correlation coefficient (rs) 
was calculated to measure the strength and direction of the 
relationship between two variables. A probability value of 
P<0.05 was considered statistically significant.

The study protocol was reviewed and approved by 
the Ethics Committee of the Republican Specialized Centre 
of Cardiology. All participants provided written informed 
consent.  

Results
At the first stage, after analyzing the data of 271 ABPM 

in patients with uncontrolled hypertension, we obtained a wide 
range of characteristics of SBPV and DBPV. In 153(56.4%) 
patients, an increased average 24-h SBPV of 16.1±4.4mm was 
noted. Increased average 24-h DBPV (12.6±3.4 mmHg) was 
noted in 84(31%) patients.
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In the group with increased BPV, the average daytime 
SBPV and DBPV were 19.1±4.2 and 13.8±3.6 mmHg, 
respectively. The average nighttime SBPV and DBPV 
were 15.5±6.1 and 12.4±7.7 mmHg. We found statistically 
significant differences between the AH patients with normal 
BPV and increased BPV. Thus, in the group with normal 
BPV, compared with increased BPV, the parameters of 
the average 24-h SBP, daytime SBP, and nighttime SBP 
were lower by 6mmHg (141±14.6 vs. 147.2±20.2 mmHg; 
P<0.004), 6 mmHg (142.8±15.1 vs. 148.4±20.7 mmHg; 
P<0.01), and 7 mmHg (136.2±15.5 vs. 143.8±21.4 mmHg; 
P<0.001), respectively.

In addition, between the groups with normal BPV and 
increased BPV, there were statistically significant differences 
in the degree of nocturnal fall in SBP:  5.4±10.7 mmHg and 
2.9±8.3 mmHg, respectively (P<0.03) (Table 1). There was a 
greater tendency for higher values of the daytime and nighttime 
load of SBP and DBP in the group with increased BPV than in 
the group with normal BPV. The value of pulse pressure (PP) 
also prevailed in the group with increased BPV, compared 
with normal BPV (62±14.3 mmHg versus 59.6±11.7 mmHg, 
but without statistically significant differences (Table 1).

When assessing nocturnal BP decrease (dipping) in 
AH patients with normal and increased BPV, it turned out 
that most patients in both groups had an unfavorable daily 
BP index. In all patients, the pathological variants of DBPP 

were found, among which a “non-dipper” variant prevailed 
(51% of cases in the group with normal BPV and 42.8% in 
the group with increased BPV). In the group with normal 
BPV, 25.5% of cases had the optimal degree of nocturnal 
SBP reduction (dipper), while in the group with increased 
BPV it was 19.8%. In the group with normal BPV, there were 
1.6 times fewer people with a steady increase in night SBP 
(night-peaker) than in the group with increased BPV (22.7% 
and 36.5%, respectively), which has an important prognostic 
value. Patients with an increased degree of nocturnal SBP 
reduction (over dipper) were 0.60% and 0.79%, respectively. 
No statistically significant differences were found when 
comparing the indicators of nocturnal BP-dipping.

The second stage analysis, where 91 patients 
with uncontrolled hypertension and increased SBPV 
were examined, showed that a high cardiovascular risk 
characterized the patients. Thus, more than 80% of patients 
had increased body weight and obesity, half were diagnosed 
with LV hypertrophy and LV diastolic dysfunction, and 
60% were diagnosed with increased PWV and thickening of 
CIMT (Table 2). 

Evaluation of BPV during the office BP measurement 
showed that the number of patients with a difference in 
SBP of more than 5 mmHg between the first and second 
measurements amounted to 15(16.4%) patients. Between 
the second and third measurements, the difference was also 

Table 1.
ABPM indicators considering BPV.

Parameter
Normal BPV Increased BPV

P-value
M±SD 95% CI M±SD 95% CI

Average 24-h SBP, mmHg 141±14.6 139-143 147.2±20.2 143.7-150.7 0.004

Average 24-h DBP, mmHg 83.3±12.07 81-85 85.6±13.4 83.2-87.9 0.138

Average daytime SBP, mmHg 142.8±15.1 140-145 148.4±20.7 144.7-152 0.01

Average daytime DBP, mmHg 84.9±12.6 82.9-86.9 86.9±13.7 84.5-89.3 0.211

Average nighttime SBP, mmHg 136.2±15.5 133.7-138.72 143.8±21.4 140.1-147.6 0.0001

Average nighttime DBP, mmHg 78.7±11.8 76.8-80.6 81.6±14.4 79.1-84.1 0.069

Nocturnal SBP fall,% 5.4±10.7 3.7-7.2 2.9±8.3 1.4-4.4 0.03

Nocturnal DBP fall,% 7.4±8.9 6-9 6.3±9.6 4.6-8.05 0.328

Daytime SBP load, % 57.6±25.3 53.5-61.7 62.3±22.2 58.4-66.2 0.107

Daytime DBP load, % 39.1±30.7 34.1-44.1 43.1±29.1 38-48.2 0.273

Nighttime SBP load, % 83.4±19.7 80.2-86.6 86.2±18.8 82.9-89.5 0.234

Nighttime DBP load, % 48.8±32 43.6-53.9 51.5±32.7 45.8-57.2 0.493

PP, mmHg 59.6±11.7 57.7-61.53 62±14.3 59.5-64.5 0.129
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observed in 16(17.5%) patients, and between the first and third 
measurements - in 50(55%) patients. In 10(11%) patients, we 
did not find a difference >5 mmHg between measurements. 

In AH patients with increased BPV, the assessment of 
the relationship between BP and ABPM data on the Chaddock 
scale revealed a statistically significant moderate direct 
correlation between the average 24-h SBP and the average 
24-h and daytime SBPV (rs=0.49 and rs=0.40 respectively, 
P<0.001 in all cases).  A statistically significant moderate to 
weak direct correlation also was found between the average 
daytime SBP, and the average 24-h and daytime SBPV 
(rs=0.45 and rs=0.37, respectively, P<0.001 in all cases). A 
moderate direct correlation was found between nighttime 
SBP and 24-hour SBPV (rs=0.52, P<0.001) and between 
nighttime SBP and daytime SBPV (rs=0.42, P<0.001). Weak 
direct correlations were also found between the average 24-h 
SBPV and SBPc (rs=0.34, P<0.001), as well as between the 
average 24-h and daytime SBPV and PPc (rs=0.33 and rs=0.32, 
respectively, P<0.001 in all cases). A weak direct correlation 
was found between CIMT and the average 24-h and daytime 
SBPV (rs=0.37 [P<0.001] and rs=0.3 [P=0.04]). We did not 
find statistically significant correlations between the increased 
SBPV, parameters of the functional state of the kidneys, and 
indicators of the structural state of the left ventricle. It should 
also be emphasized that increased nighttime SBPV was also not 
significantly associated with the studied parameters (Table 3). 

Table 2. 
Clinical characteristics of AH patients (n=91) with increased SBPV

Parameter

SBP, mmHg (M±SD / 95% CI) 161.3±14.5 157.3-165.3

DBP, mmHg (M±SD / 95% CI) 93.1±10.6 90.1-96.04

BMI >30 kg/m2, (n / %) 48 52.7%

BMI >25<30 kg/m2, (n / %) 25 27.4%

LVH, (n / %) 31 34%

LVDD, (n / %) 16 17.5%

PWV >10 m/sec, (n / %) 31 34%

CIMT ≥0.9 mm, (n / %) 28 30.7%

Table 3. 
Correlation analysis between increased SBPV, ABPM data, and target organ damage parameters. 

Parameter
Average 24-h SBPV Average daytime SBPV Average nighttime SBPV

rs P rs P rs P

Average 24-h SBP 0.49 <0.001 0.40 <0.001 0.037 0.724

Average daytime SBP 0.45 <0.001 0.37 <0.001 0.015 0.884

Average nighttime SBP 0.52 <0.001 0.42 <0.001 0.11 0.289

SBPc 0.34 0.001 0.33 0.001 0.08 0.443

DBPc 0.16 0.118 0.17 0.1 -0.1 0.36

PPc 0.33 0.002 0.32 0.001 0.14 0.131

PWV -0.193 0.06 -0.2 0.06 -0.07 0.5

CIMT 0.37 <0.001 0.3 0.04 0.2 0.06

IVST 0.22 0.03 0.18 0.07 -0.33 0.755

PWT 0.071 0.5 0.04 0.65 -0.026 0.8

LVMI 0.071 0.5 0.03 0.75 0.055 0.6

uACR 0.02 0.8 0.05 0.63 0.003 0.974

GFR -0.12 0.2 -0.14 0.16 -0.045 0.67

Creatinine 0.14 0.17 0.244 0.18 0.15 0.14

MAU -0.21 0.845 -0.46 0.65 -0.023 0.83
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Discussion
The relationship between increased BPV and 

cardiovascular diseases has been shown in previous studies.(8-11) 
A number of studies reported significant associations between 
high average real variability (ARV) and the presence and 
progression of subclinical organ damage.(12-16) 

In our patients with uncontrolled AH and increased 
SBPV, the average 24-h, daytime and nighttime SBP values 
were higher than in AH patients with normal SBPV. It can be 
assumed that impaired BPV is associated with an additional 
increase in SBP and significantly increases the risk of damage 
to target organs. Analysis of DBPP showed that in the AH 
patients with increased SBPV, there was a significantly low 
rate of nighttime SBP reduction, thereby placing an additional 
load on the target organs.

In addition, data from a number of studies indicate 
that increased SBP is associated with the progression of 
atherosclerosis. Thus, in a well-known meta-analysis,(17) 
after adjusting for demographic indicators, a correlation was 
found between SBP and the progression of atherosclerosis. 
After adjusting for age, patients’ PWV was shown to increase 
by 1.14 m/s for every 20 mmHg increase in SBP. However, 
the correlation between mean BP or DBP and PWV was 
weak, while it was negative in our study. Many investigators 
have studied potential mechanisms for the relationship 
between BPV and poor cardiovascular outcomes. First, BPV 
may be a marker of arterial stiffness associated with reduced 
compliance of large elastic arteries. In a study by Tursunova 
et al.,(18) increased daytime SBPV and PP variability in 
patients with isolated systolic AH correlated with an increase 
in arterial stiffness, compared with patients with systolic-
diastolic AH, and an increased vascular stiffness (carotid-
femoral PWV >10 m/s) increased the risk of developing LV 
concentric hypertrophy and concentric remodeling, which 
adversely affected the prognosis.(19)

Our data on the relationship between BPV and kidney 
damage are consistent with a prospective study by Hung et 
al.,(20) which included 300 Han Chinese participants with 
hypertension (mean age of 63.5 years) and investigated 
whether short-term BPV is correlated with hypertensive 
nephropathy. Five different BPV parameters were derived 
from ambulatory BP monitoring (ABPM), including standard 
deviation (SD), weighted SD (wSD), coefficient of variation 
(CoV), successive variation (SV), and ARV. The renal event 
was defined as >50% reduction in baseline eGFR. The Cox 
proportional hazard regression (HR) model to assess the 
independent effects of BPV showed that 24-h SBP (HR=1.105; 
95% CI=1.020-1.197, P=0.015) and 24-h DBP (HR=1.162; 
95% CI=1.004-1.344, P=0.044) were independently 
associated with renal events. However, BPV parameters 
were only associated with renal events univariately, but not 
after adjusting for baseline characteristics, 24-h mean BP, 
and office BP.

In this study, we found a direct correlation between 
CIMT and the average 24-h and daytime SBPV. This is 
consistent with a study by Xiong et al.(15) who provided the 
evidence that, for the subjects from the southern area of 

China, all of the indices of SBPV for daytime and 24 h had 
significant correlation with CIMT. 

Short-term variability of 24-hour SBP showed an 
independent, although moderate, relation to aortic stiffness 
in hypertension in a study by Schillaci et al.(16) These results 
were consistent with our findings.

Conclusion 
Our data showed that increased BPV is associated 

with impaired diurnal blood pressure profile  and structural 
and functional changes in blood vessels, in particular, an 
increase in SBPc and PP in the aorta, and CIMT thickening, 
which characterizes increased BPV as a predictor of vascular 
remodeling in patients with uncontrolled AH. A well‐
controlled 24‐h and daytime SBPV should be prioritized in 
managing AH.
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Abstract
Background: Atrial fibrillation (AF) is one of the most common cardiac arrhythmias and a major predictor of morbidity and 

mortality. In recent years, genome-wide association studies (GWAS) have identified common genetic variants associated with a 
higher risk of AF. The aim of our research was to study the possible association of the 4q25/PITX2 SNP rs6817105 with the risk 
of developing AF in patients with arterial hypertension (AH) in the Uzbek population.

Methods and Results: The study included 142 AH (Grades 1-3; ESC/ESH, 2018) patients of Uzbek nationality who were 
initially diagnosed with paroxysmal form (15[10.6%]), persistent form (43[30.3%]), and permanent form of AF (84[59.1%]). 
The mean age of these patients was 64.8±10.9 years. AF was verified using ECG Holter monitoring. The control group (n=88) 
consisted of AH patients without AF with a mean age of 56.5±12.3 years. Echocardiography was carried out according to the 
recommendations of the American Society of Echocardiography in M- and B-modes. We genotyped SNP rs6817105 (T>C) and 
examined the relationships among rs6817105 genotype, clinical characteristics, and echocardiographic parameters in AH patients 
with AF and non-AF AH patients (controls). 

In AH patients with AF and AH patients without AF, the 4q25/PITX2 SNP rs6817105 genotype distribution was as follows: 
CC=72(50.7%), CT=60(42.3%), TT=10(7.0%) [χ2=45.690; P=0.000], and CC=34(38.6%), CT=37(42.1%), TT=17(19.3%) 
[χ2=7.932; P=0.019], respectively. The rs6817105 minor C allele frequency was significantly higher in AH patients with AF 
than in non-AF AH patients (71.8% vs. 59.7%, P=0.007). Analysis of the multiplicative model for the rs6817105 SNP showed a 
significant risk of AF in the carriage of the C allele (OR=1.72, 95% CI: 1.16-2.56, P=0.007). The dominant and additive models 
for the rs6817105 SNP showed a significant risk of AF with the carriage of the CC+CT genotypes (OR=3.16, 95% CI: 1.37-
7.27, P=0.005) and the homozygous CC genotype (OR=1.63, 95% CI: 0.95-2.81, P=0.008), respectively. The allelic distribution 
showed that the carriage of the C allele was dominant in permanent and persistent AF (110/68.75% vs. 50/31.25% for the T allele 
[(χ2=22.50, P=0.000], and 64(74.42%) vs. 22(25.58%) for the T allele [χ2=20.512, P=0.000], respectively). Among AH patients 
with paroxysmal AF, the C allele prevailed to the greatest extent: 20(90.9%) vs. 2(9.1%) for the T allele (χ2=14.727, P=0.000), 
indicating a significant accumulation of the C allele and CC genotype among patients with paroxysmal AF. In general, in AH 
patients with AF, carriers of the CC genotype, the left atrial volume index (LAVI) was significantly higher than the carriers of the 
CT and TT genotypes: 46.8±13.9 ml/m2 vs. 40.4±13.0 ml/m2 and 36.1±11.0 ml/m2, respectively (P=0.0083).

Conclusion: The present study is the first molecular genetic study investigating the association of 4q25/PITX2 SNP 
rs6817105 in AH patients with AF in the Uzbek population. Our results indicate the rs6817105 minor C allele and CC genotype 
are associated with the risk of developing AF in AH patients of Uzbek nationality. The highest accumulation of the rs6817105 
minor C allele and CC genotype is found in paroxysmal AF.  In carriers of the rs6817105 CC genotype, the LAVI was significantly 
larger than in carriers of the CT and TT genotypes.(International Journal of Biomedicine. 2023;13(3):72-78.)

Keywords: atrial fibrillation • rs6817105 • arterial hypertension • left atrial volume index
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Abbreviations
AH, arterial hypertension; AF, atrial fibrillation; 

BP, blood pressure; DBP, diastolic BP; GWAS, genome-
wide association studies; IVST, interventricular septal 
thickness; LVMI, left ventricular mass index; LVH, left 
ventricular hypertrophy; LAD, left atrial dimension; LAV, 
left atrial volume; LAVI, left atrial volume index; LVESD, 
left ventricular end-systolic dimension; LVEDD, left 
ventricular end-diastolic systolic dimension; PWT, posterior 
wall thickness; SBP, systolic BP; SNP, single nucleotide 
polymorphism.

Introduction
Arterial hypertension (AH) is one of the main factors 

causing a high risk of cardiovascular complications and 
mortality. Overall, according to ESH/ESC data for 2018, 
the prevalence of hypertension is 30%-45% of the general 
population, with a sharp increase with age. Today, 15%-40% 
of the adult population suffers from hypertension worldwide, 
and in people over 65 years of age, hypertension has been 
detected in 30%-50% of cases. Of patients with hypertension, 
76% are at risk of dying within 10 years.(1) The existence 
of a relationship between high blood pressure (BP) and the 
risk of developing new-onset atrial fibrillation (AF) has been 
demonstrated.(2) Experimental evidence suggests that electrical 
and structural remodeling changes in the hypertensive heart 
may predispose to AF.(3)

AF is one of the most common cardiac arrhythmias and 
a major predictor of morbidity and mortality. AF is a polygenic 
and polyetiological disease. Of no minor importance are 
racial and ethnic differences in the prevalence of AF in the 
general population, noted in several studies. Factors that 
increase the risk of developing AF include age, hypertension, 
cardiomyopathy, valvular disease, and genetic predisposition. 
According to the literature, there is a familial form of AF, 
indicating the importance of genetic factors in the development 
of AF. Thus, mutations of various genes associated with ion 
channels have been identified, but it should be noted that such 
findings are extremely rare.(4) 

In recent years, GWAS have identified common genetic 
variants associated with a higher risk of AF. The first GWAS 
for AF identified a chromosome 4q25 locus conferring the 
risk of AF in Icelanders.(5) To date, GWAS have identified 
≈140 genetic loci associated with AF,(6) located near genes 
coding for ion channels, developmental transcription factors, 
structural remodeling, and cytoskeletal proteins.(7) Among 
them, variants at 4q25, located upstream of the PITX2 gene, 
demonstrate a strong association with AF in European 
and Japanese populations. GWAS have reported a strong 
association of the SNP rs6817105 (T > C) on chromosome 
4q25 with AF.(8-10) 

The paired-related homeobox (PITX2) gene is the 
nearest gene to the 4q25 AF-associated SNPs and is the most 
likely target for these 4q25 AF susceptibility variants.(11) 
The PITX2 gene encoding for the transcription factor PITX2 
(paired-like homeodomain transcription factor 2), one of 

the homeobox transcription factors, is a main player in the 
regulation of asymmetric organogenesis. The PITX2, the 
closest gene to rs6817105, is a critical mediator of left-side 
morphogenesis.(12-15) PITX2 regulates left-right differentiation 
(including sinoatrial node restriction to the right atrium), and 
deficiency leads to structural and electrical remodeling of the 
heart, which may lead to AF through different mechanisms.(7,16) 

Cardiac expression of PITX2 is almost exclusively restricted 
to the left atrium in the normal adult heart.(17) The left atrium 
and sleeves of the pulmonary vein are potential substrates for 
AF development, and the pulmonary vein is often the origin of 
ectopic foci in AF patients.(18) 

In mice models, reduced expression of PITX2c during 
development results in AF inducibility upon stimulation, 
which implicates a developmental role of this gene in 
AF susceptibility.(17,19,20) A number of researchers have 
observed that reduction in PITX2 resulted in potassium and 
calcium channel gene dysregulation, ultimately leading to a 
shortening of the atrial action potential, a depolarized resting 
membrane potential, and a predisposition to AF.(18,20,21)       

Tomomori et al.(8) found that the rs6817105 minor C allele 
frequency (MAF) was significantly higher in AF patients than 
in non-AF controls (66% vs. 47%, OR 2.12, P= 4.9 × 10−26). 
Sinus node dysfunction was independently associated with 
the rs6817105 C allele in these AF patients, and left atrium 
enlargement was independently associated with the rs6817105 
minor C allele in AF patients. The maximum sinus node 
recovery time (SNRT) and corrected SNRT (CSRT) increased 
with the number of minor C alleles and were longest in patients 
with the CC genotype. 

Unfortunately, studies on the search for molecular 
genetic predictors of AF in AH patients in the Uzbek 
population are rare. Previously, a group of researchers studied 
only the association of the ATFB5 SNP rs2200733 with the 
risk of developing AF in people of Uzbek nationality.(22)

The aim of our research was to study the possible 
association of the 4q25/PITX2 SNP rs6817105 with the risk 
of developing AF in patients with hypertension in the Uzbek 
population.

Materials and Methods
The study included 142 AH (Grades 1-3; ESC/ESH, 

2018) patients of Uzbek nationality who were initially 
diagnosed with paroxysmal form (15[10.6%]), persistent form 
(43[30.3%]), and permanent form of AF (84[59.1%]). The 
mean age of these patients was 64.8±10.9 years. The control 
group (n=88) consisted of AH patients without AF with a 
mean age of 56.5±12.3 years. The presence of AF was ruled 
out based on the history, the absence of symptoms of AF on 
physical examination, and a normal electrocardiogram at the 
time of inclusion in the study. 

AF was classified as paroxysmal, persistent, and 
permanent in accordance with the ACC/AHA/ESC guidelines 
for AF.(23) The diagnosis of AF was based on ECG findings and/
or Holter ECG data according to standard diagnostic criteria.
(24) AF was verified using ECG Holter monitoring (LABTECH 
Cardiospy, Hungary).
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Office BP was measured using a mercury 
sphygmomanometer, according to Korotkov’s method. BP 
was measured 3 times, and the means of these measurements 
were used in the analyses. Echocardiography was carried out 
according to the recommendations of the American Society 
of Echocardiography in M- and B-modes(25) using Philips 
Clearview-350 «Affiniti 30» Ultrasound Machine (the 
Netherlands). The following parameters were measured and 
calculated: IVST, PWT, LVEDD, LVESD, LAD, LAVI, and 
LVM (LVM was calculated using the formula R. Devereux.
(1994) LVM was indexed to body surface area (LVMI).  
LVM was calculated using the formula R. Devereux.(26)  Left 
ventricular hypertrophy (LVH) was defined as LVMI of >95g/
m2 (for women) and >115g/m2 (for men).(1)

Exclusion criteria were symptomatic hypertension, 
valvular heart disease, acute coronary syndrome, chronic heart 
failure (NYHA FC>III), cardiac arrhythmia, history of stroke 
and myocardial infarction, diabetes, renal impairment, severe 
co-morbidities, orthostatic hypotension, artificial pacemaker, 
QT>480 ms, documented, previous episodes of persistent 
ventricular arrhythmia, WPW syndrome, Brugada syndrome, 
bradycardia (HR less than 60 bpm), blood clots in the LA, 
thyroid dysfunction, sinus node dysfunction, SSS, second-
third-degree AV block.

To perform genotyping of blood samples for rs6817105 
SNP, genomic DNA was isolated from whole blood using the 
ArtDNA MiniSpin kit (ArtBioTech LLC, BY) according to the 
manufacturer’s standard protocol. The quantity and quality of 
DNA were determined on a NanoDrop 2000 spectrophotometer 
(Thermo Scientific™ Wilmington, DE, USA). 

PCR was performed on the QuantStudio 5 Dx Real-Time 
PCR System (Applied Biosystems, USA). The reaction was 
carried out in a volume of 10µl using the TaqMan® Genotyping 
Assays kit (Thermo Fisher Scientific, USA) according to 
the manufacturer’s standard protocol. The reaction mixture 
contained of 10ng genomic DNA, 5µl TaqMan Genotyping 
Master Mix, 0.5µl TaqMan Genotyping Assays. Sample 
genotyping results were analyzed using the Thermo Fisher 
Scientific Design & Analysis 2.6.0 2021 program and entered 
for primary processing in Microsoft Excel-2019.

Statistical analysis was performed using the statistical 
software «Statistica» (v10.0, StatSoft, USA). Baseline 
characteristics were summarized as frequencies and 
percentages for categorical variables and as mean± standard 
deviation (SD) for continuous variables. Multiple comparisons 
were performed with one-way ANOVA and Tukey HSD post-
hoc test. Genetic markers for HWE were tested. One-way table 
(chi-square goodness-of-fit test) was used to test categorical 
probabilities when one categorical variable had more than two 
levels. Four genetic models were analyzed (https://calc.pcr24.
ru/index.php): the dominant model, the recessive model, the 
multiplicative model, and the additive model (the Cochran-
Armitage trend test). Odds ratios (ORs) and 95% confidence 
intervals (CIs) were calculated. A probability value of P≤0.05 
was considered statistically significant.

The study protocol was reviewed and approved by the 
Ethics Committee of the Republican Specialized Centre of 
Cardiology. All participants provided written informed consent.  

Results
The distribution of polymorphic markers of the 4q25/

PITX2 SNP rs6817105 in AH patients with AF and non-AF 
AH patients was in HWE  (Table1). In AH patients with AF 
and AH patients without AF, the 4q25/PITX2 SNP rs6817105 
genotype distribution was as follows: CC=72(50.7%), 
CT=60(42.3%), TT=10(7.0%) [χ2=45.690; P=0.000], and 
CC=34(38.6%), CT=37(42.1%), TT=17(19.3%) [χ2=7.932; 
P=0.019], respectively. An analysis of the frequency 
distribution of the rs6817105 alleles showed that the carriage 
of the C allele was dominant in AH patients with AF (71.8% vs. 
28.2% for the T allele; χ2=78.546, P=0.000), compared to non-
AF AH patients (59.7% vs. 40.3% for the T allele; χ2=6.568, 
P=0.010). Thus, the rs6817105 minor C allele frequency was 
significantly higher in AH patients with AF than in non-AF 
AH patients (71.8% vs. 59.7%, P=0.007).

Analysis of the multiplicative model for the rs6817105 
SNP showed a significant risk of AF in the carriage of the C 
allele (OR=1.72, 95% CI: 1.16-2.56, P=0.007) (Table 2). 

Table 1.
The distribution of polymorphic markers of the 4q25/PITX2 SNP 
rs6817105 in AH patients with AF (case) and non-AF AH patients 
(control).

G
en

ot
yp

e
Case HWE χ2 P Control HWE χ2 P

A
lle

le

Frequency 
of alleles

Case Control

TT 0.070 0.079

0.13 0.72

0.193 0.163

0.74 0.39

T 0.282 0.403

CT 0.423 0.405 0.420 0.481 C 0.718 0.597

CC 0.507 0.516 0.386 0.356

Table 2.
Genetic predisposition to TRH (the genetic models).

Inheritance
model A

lle
le

,
G

en
ot

yp
e

Case Control
χ2 P OR (95%CI)

n=142 n=88

Multiplicative
model 
(χ2 test, df=1) 

T 0.282 0.403
7.30 0.007

0.58 (0.39-0.86)

C 0.718 0.597 1.72 (1.16-2.56)

Additive model
([CATT], 
xi=[0,1,2], 
df=1)

TT 0.070 0.193

7.004 0.008

0.32 (0.14-0.73)

CТ 0.423 0.420 1.01 (0.59-1.73)

CC 0.507 0.386 1.63 (0.95-2.81)

Dominant
model 
(χ2 test, df=1)

TT 0.070 0193
7.90 0.005

0,32 (0.14-0.73)

CТ+CC 0.930 0.807 3.16 (1.37-7.27)

Recessive
model 
(χ2 test, df=1)

ТТ+CT 0.493 0.614
3.18 0.07

0.61 (0,36-1.05)

СС 0.507 0.386 1.63 (0.95-2.81)
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The dominant and additive models for the rs6817105 
SNP showed a significant risk of AF with the carriage of the 
CC+CT genotypes (OR=3.16, 95% CI: 1.37-7.27, P=0.005) 
and the homozygous CC genotype (OR=1.63, 95% CI: 0.95-
2.81, P=0.008), respectively (Table 2). 

Subsequently, the frequency distribution of the 
rs6817105 genotypes and alleles was analyzed considering the 
form of AF (Figures 1 and 2). 

Among AH patients with permanent, persistent, and 
paroxysmal AF, the genotype distribution was as follows: 
CC=35(43.75%), CT=40(50%), TT=5(6.25%) (χ2=26.875, 
P=0.000); CC=24(55.8%), CT=16(37.2%), TT=3(7.0%) 
(χ2=15.674, P=0.000); CC=9(81.82%), CT=2(18.18%), TT=0 
(χ2=12.182, P=0.002), respectively. 

The allelic distribution showed that the carriage of 
the C allele was dominant in permanent and persistent AF 

(110/68.75% vs. 50/31.25% for the T allele [(χ2=22.50, 
P=0.000], and 64(74.42%) vs. 22 (25.58%) for the T allele 
[χ2=20.512, P=0.000], respectively). Among AH patients 
with paroxysmal AF, the C allele prevailed to the greatest 
extent: 20(90.9%) vs. 2(9.1%) for the T allele (χ2=14.727, 
P=0.000), indicating a significant accumulation of the C 
allele and CC genotype among patients with paroxysmal AF.

We also analyzed the initial clinical data (age, 
duration of AH, SBP, DBP, LAVI, LVMI) in AH patients 
with various AF forms, considering the rs6817105 SNP. In 
general, in AH patients with AF, carriers of the CC genotype, 
the LAVI was significantly higher than the carriers of the 
CT and TT genotypes: 46.8±13.9 ml/m2 vs. 40.4±13.0 ml/
m2 and 36.1±11.0 ml/m2, respectively (P=0.0083) (Table 
3). A similar analysis was carried out among AH patients 
with paroxysmal and persistent AF. These patients were 
combined into one group (n=54) due to the small size of 
the presented sample. There were no significant differences 
in clinical characteristics (age, duration of hypertension, 
SBP, DBP, IOLR, LVMI) among rs6817105 genotypes in 
the patient group (Table 4). However, there was a trend 
toward an increase in the values of LAVI in carriers of the 
CC genotype. 

A similar analysis was carried out among AH patients 
with permanent AF (n=75). There were also no significant 
differences in clinical characteristics (Table 5).

Thus, the results obtained indicate the rs6817105 
minor C allele and CC genotype are associated with the risk 
of developing AF in AH patients of Uzbek nationality. The 
highest accumulation of the rs6817105 minor C allele and 
CC genotype is found in paroxysmal AF. In carriers of the 
rs6817105 CC genotype, the LAVI was significantly larger 
than in carriers of the CT and TT genotypes.

Fig. 1. Frequency distribution of the 4q25/PITX2 SNP 
rs6817105 genotypes in AH patients considering the 
form of AF.

Fig. 2. Frequency distribution of the 4q25/PITX2 SNP 
rs6817105 alleles in AH patients considering the form 
of AF.

Variable 
Genotype One-Way

ANOVA

СС (n=69)
[1]

СT (n=50)
[2]

ТТ (n=10)
[3] Р-value

Age, yrs.

AH duration, yrs.

SBP, mmHg 

DBP, mmHg 

LAVI, ml/m2

LVMI, g/m2

64.7±10.2

12.8±9.1

146.9±25.9

90.4±11.03

46.8±13.9

280.2±104.6

65.0±10.1

15.4±10.8

143.4±26.2

88.6±12.9

40.4±13.0

269.6±101.7

61.7±12.3

15.3±16.4

147.5±26.0

91.8±14.6

36.1±11.0

230.5±75.8

0.6483

0.3780

0.7477

0.6262

0.0083* 

0.3458

*Tukey HSD post-hoc test: P[1-2]=0.0296, P[1-3]=0.0507

Table 3.
Clinical characteristics of AH patients with AF considering the 
4q25/PITX2 SNP rs6817105 genotypes (n=129).
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Discussion
The rapid development of scientific technologies has 

made it possible to identify new cellular and molecular 
levels of AH pathogenesis. To date, sufficient factual 
material has been accumulated on the involvement of 
candidate genes in the development of AH, damage to 
target organs, and cardiovascular complications. On the 
one hand, left ventricular myocardial remodeling underlies 
electrophysiological changes in the heart of a patient with 
hypertension, triggering cardiac arrhythmias, including AF. 
On the other hand, the literature presents gene mutations 
(in particular, SCN5A, KCNQ, ATFB5, PITX2 gene 
polymorphisms), which can cause heart rhythm disturbances, 
including AF. Many loci associated with the development 
of AF have been identified to date.(27) AF is often promoted 
by certain combinations of genes, including the genes 
encoding components of renin-angiotensin-aldosterone and 

endothelial systems. Detection of left atrial dilatation can 
provide additional information and is a prerequisite for the 
diagnosis of diastolic dysfunction. It has been shown that 
LAVI>34 ml/m2 is an independent predictor of death, heart 
failure, AF, and ischemic stroke.

We investigated relationships between 4q25/
PITX2 SNP rs6817105 polymorphic markers and clinical 
and functional parameters in Uzbek patients with AH and 
AF. Our results indicate a significantly greater accumulation 
of the rs6817105 minor C allele and CC genotype among 
AH patients with AF than among AH patients without AF.  
In AH patients with AF, carriers of the CC genotype, the 
LAVI was significantly higher than the carriers of the CT 
and TT genotypes: 46.8±14.9 ml/m2 vs. 40.4±13.0 ml/m2 and 
36.5±11.6 ml/m2, respectively (P=0.020). The multiplicative 
model for the rs6817105 SNP showed a significant risk of 
AF in the carriage of the C allele (OR=1.72, 95% CI: 1.16-
2.56, P=0.007). The additive and recessive models for the 
rs6817105 SNP showed a significant risk of AF with the 
carriage of the homozygous CC genotype (OR=1.63, 95% 
CI: 0.95-2.81, P=0.008).  

In recent years, GWAS have identified common genetic 
variants associated with a higher risk of AF in populations of 
European ancestry.(9,28-30) However, ethnic differences exist 
in the frequency of AF-related SNPs between European and 
Asian populations.(31,32)  

The present study is the first molecular genetic study 
investigating the association of 4q25/PITX2 SNP rs6817105 
in AH patients with AF in the Uzbek population. Our results 
regarding the 4q25/PITX2 SNP rs6817105 in AF development 
are consistent with the previous observations.(8,33-35) We 
verified that the 4q25/PITX2 SNP rs681710 is associated 
with AF and showed that a carriage of the minor C allele and 
CC genotype results in left atrial enlargement.

Conclusions
•   Our results indicate the rs6817105 minor C allele and CC 
genotype are associated with the risk of developing AF in AH 
patients of Uzbek nationality.

•   The highest accumulation of the rs6817105 minor C allele 
and CC genotype is found in paroxysmal AF. 

•  In carriers of the rs6817105 CC genotype, the LAVI 
was significantly larger than in carriers of the CT and TT 
genotypes.
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Abstract
The aim of this study was to identify the relationships between cytokine status, lipid peroxidation (LPO) products, and total 

antioxidant activity (TAA) in obese adolescent boys and girls.
Methods and Results: The study included 29 boys and 33 girls with an established diagnosis of exogenous-constitutional 

obesity of the first degree. Twenty-eight healthy adolescent boys and 24 adolescent girls made up control groups. 
The concentration of cytokines (IL-6, IL-8, IL-4, and IL-10) was assessed by enzyme immunoassay. The content of LPO 

products (conjugated dienes [CDs], ketodienes and conjugated trienes [KD-CT], Schiff bases [SB], thiobarbituric acid reactants 
[TBARs], total antioxidant activity (TAA) was evaluated.   Spectrophotometric methods were used. The data obtained indicated a 
statistically significant increase in the level of IL-6 (P=0.018) and the IL-6/IL10 ratio (P=0.033) in obese boys, compared with the 
control. There was also an increase in the content of LPO products in this group relative to the control group: KD-CT (P=0.043) 
and SB (P=0.021). In the group of obese girls, there was an increase in IL-6 values (P=0.018), a decrease in IL-4 (P=0.040), and an 
increase in CDs (P=0.035) and KD-CT (P=0.044). The following correlations were found in the control group of boys: CDs‒KD-
CT (r=0.91; P=0.001), TBARS‒IL-8 (r=0.73; P=0.027), and SB‒IL-4 (r=0.79; P=0.011); there were no statistically significant 
correlations between study parameters in obese boys. The following correlations were recorded in the girls of the control group: 
CDs‒KD-CT (r=0.99; P<0.0001), TAA‒IL-10 (r=-0.80; P=0.033), TAA‒IL-4 (r=-0.78; P=0.040); in obese girls, it was SB‒IL-4 
(r=-0.67; P=0.048).

Conclusion: Data analysis showed high activity of proinflammatory cytokines and LPO products in obese adolescents, 
regardless of gender, with a reduced concentration of anti-inflammatory factors and correlations between parameters of 
inflammation and OS in girls. An important component of the pathogenetic approach in treating obesity should be the control of 
these parameters.(International Journal of Biomedicine. 2023;13(3):79-83.)
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Introduction
The high prevalence of cardiovascular diseases leads 

to an increase in disability of the able-bodied population, 
which prioritizes the creation of new principles for treating 
and preventing obesity in children and adolescents.(1,2) 
In developed countries, up to a quarter of the adolescent 
population is overweight, and 15% are obese.(3) The structure 
of obesity consists of various forms, among which the 
exogenous-constitutional form occupies a special place in 
terms of prevalence (up to 75%-97%).(4) 

Obesity is currently considered as a chronic 
inflammatory process, which is accompanied by the activation 
of proinflammatory cytokines, such as IL-6, IL-1, and TNFα, 
known mediators of the early stage of inflammation, as well as 
IL-8, γ-interferon, IL-18, IL-1.(5,6) Inflammation in obesity is 
manifested by cellular infiltration, changes in microcirculation, 
a shift in adipokine secretion and adipose tissue metabolism, 
and the accumulation of nonspecific markers of inflammation 
in the blood, which reflect the severity of the process.(7)

Oxidative stress (OS) is also an important component of 
the pathogenesis of obesity and its possible complications.(2,8,9) 
Experimental studies have shown a stimulating effect of OS on 
the proliferation and differentiation of preadipocytes, as well 
as an increase in the size of adipocytes.(10) It has been found 
that in obesity, the production of reactive oxygen species (ROS) 
increases, and the hunger center is activated due to increased 
oxidative processes.(11-13) OS in obesity is stimulated by factors 
such as hyperglycemia, elevated lipid levels, chronic increased 
activity of muscle tissue to maintain excess BW, impaired 
respiratory function of mitochondria.(14) The consequence of 
the OS progression in obesity is an increase in the content of 
cytotoxic compounds, which include endogenous aldehydes 
acting as damage mediators.(10) Despite the ongoing studies, 
the relationship between the parameters of the inflammatory 
process and OS parameters has not been sufficiently studied in 
obese adolescents. 

The aim of this study was to identify the relationships 
between cytokine status, LPO products, and TAA in obese 
adolescent boys and girls.

Materials and Methods
The study included 29 boys (average age of 13.39±1.85 

years) and 33 girls (average age of 14.56±2.01 years) with 
an established diagnosis of exogenous-constitutional obesity 
of the first degree. Twenty-eight healthy adolescent boys  
(average age of 13.96±1.5 years)  and 24 adolescent girls  
(average age of 14.37±1.5 years) made up control groups. 
Criteria for inclusion in groups with exogenous-constitutional 
obesity degree 1 were excess BW of more than 95 percentile 
for a certain gender, height, and age; exclusion of acute or 
exacerbation of chronic diseases at the beginning of the 
examination or one month before it; permanent residence of 
a teenager in the territory of this municipality. Height, body 
weight (BW), and waist circumference were measured, and 
BMI (kg/m2) was calculated. The puberty stage was determined 
according to Tanner. Overweight was considered to be a BMI 

>85th percentile for a given gender and age, and obesity was 
considered to be a BMI >95th percentile.(15) Exclusion criteria 
were physical development delay, BW deficiency, genetic and 
symptomatic forms of obesity, and taking medications that 
potentially affect BW. 

All adolescents were subjected to general clinical 
examination, including anamnestic data collection, physical 
examination, anthropometric data analysis, blood pressure 
measurement, nutritional status assessment, determination of 
blood lipid profile, and glucose tolerance testing. 

The study was carried out in accordance with the 
Helsinki Declaration of the World Medical Association (1964, 
ed. 2013) and approved by the Committee on Biomedical 
Ethics under the Scientific Center for Family Health and 
Human Reproduction (Extract from the meeting No. 5 as of 
05.16.2016). 

The study material was blood plasma and serum. Blood 
was collected in accordance with the existing requirements in 
the morning on an empty stomach from the cubital vein. 

The concentration of pro-inflammatory cytokines (IL-
6, IL-8) and anti-inflammatory interleukins (IL-4 and IL-10) 
was assessed by enzyme immunoassay using monoclonal 
antibody panels (JSC “Vector-Best”, Novosibirsk, Russia). 
Measurements were performed on a microplate photometer 
(Multiskan Ascent, Finland). The IL-6/IL-10 ratio, reflecting 
the balance of pro- and anti-inflammatory cytokines, was also 
calculated.

The content of LPO products (conjugated dienes 
[CDs], ketodienes and conjugated trienes [KD-CT] and Schiff 
bases [SB]) was determined by the Volchegorsky method.
(16) The level of thiobarbituric acid reactants (TBARs) was 
determined fluorimetrically by the method of Gavrilov et al.(17) 
Total antioxidant activity (TAA) was evaluated by the method 
of Klebanov et al.(18) Measurements were carried out on a 
spectrophotometer SF-2000 (Novosibirsk, Russia). 

Statistical analysis was performed using STATISTICA 
10.0 software package (Stat-Soft Inc, USA). The normality 
of distribution of continuous variables was tested by the 
Kolmogorov-Smirnov test with the Lilliefors correction 
and Shapiro-Wilk test. Differences of continuous variables 
departing from the normal distribution, even after 
transformation, were tested by the Mann-Whitney U-test. 
Pearson’s Correlation Coefficient (r) was used to determine 
the strength of the relationship between the two continuous 
variables. A probability value of P<0.05 was considered 
statistically significant.

The study was conducted in accordance with ethical 
principles of the WMA Declaration of Helsinki (1964, ed. 
2013) and approved by the Ethics Committee at the Scientific 
Centre for Family Health and Human Reproduction Problems 
(Irkutsk, Russia). Written informed consent was obtained from 
all participants (patients or parents/guardians of each patient).

Results and Discussion
The data obtained indicated a statistically significant 

increase in the level of IL-6 (P=0.018) and the IL-6/IL10 ratio 
(P=0.033) in obese boys, compared with the control (Figure 1). 
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There was also an increase in the content of LPO products in 
this group relative to the control group: KD-CT (P=0.043) and 
SB (P=0.021). In the group of obese girls, there was an increase 
in IL-6 values (P=0.018), a decrease in IL-4 (P=0.040), and an 
increase in CDs (P=0.035) and KD-CT (P=0.044) (Figure 2). 

The following correlations were found in the control 
group of boys: CDs‒KD-CT (r=0.91; P=0.001), TBARS‒IL-8 
(r=0.73; P=0.027), and SB‒IL-4 (r=0.79; P=0.011); there were 
no statistically significant correlations between study parameters 
in obese boys. The following correlations were recorded in the 
girls of the control group: CDs‒KD-CT (r=0.99; P<0.0001), 
TAA‒IL-10 (r=-0.80; P=0.033), TAA‒IL-4 (r=-0.78; P=0.040); 
in obese girls, it was SB‒IL-4 (r=-0.67; P=0.048) (Table 1).

Our study found a significant increase in the values of 
the proinflammatory IL-6 and the IL-6/IL10 ratio in obese 
boys, as well as a marked increase in IL-6 level and a decrease 
in IL-4 level in obese girls. 

Increased OS and inflammation often characterize obesity 
due to the infiltration of adipocytes by immune cells.(14) The 
inflammatory process is a physiological reaction of the organism 

to various kinds of stimuli.(7) The resulting response usually 
leads to the restoration of systemic metabolic homeostasis. 
In obesity, there is an increase in inflammatory reactions in 
metabolically active areas, such as adipose tissue, liver, and 
immune cells.(6) In addition, there is a sharp increase in the level 
of circulating proinflammatory cytokines, adipokines, and other 
inflammatory markers.(19) In this context, a certain contribution 
to the inflammatory nature of obesity is made by TNFα, IL-
6, fibrinogen, C-reactive protein, and plasminogen activator 
inhibitor-1 or resistin, confirming the relationship between 
inflammation and obesity.(14) It was found that a wide range of 
mediators of the proinflammatory response are produced by 
macrophages of adipose tissue together with adipocytes.(20) A 
potential cause of inflammation in obesity may be hypoxia of 
adipose tissue, which occurs due to hypertrophy of adipocytes. A 
disproportionate increase in cell size lengthens the distance over 
which oxygen must diffuse, which can lead to a hypoxic state in 
enlarged adipocytes.(19,20)

The production of highly reactive ROS is considered one 
of the most important adverse cellular reactions in response to 
excessive amounts of nutrients in obesity.(21) The growth of 
ROS production disrupts the balance between pro-oxidant and 
antioxidant factors, leading to the dominance of the pro-oxidant 
state and OS.(22-25) OS, in turn, damages cellular structures and 
causes an inflammatory response.(20) In addition, OS in obesity 
is closely associated with insulin resistance and metabolic 
syndrome.(10,11) Significant markers of OS in obesity are various 
products of LPO.(26) The latter has a pronounced damaging 
effect on the structural components of the cells, DNA synthesis, 
proliferative processes. and other factors.(10) We found higher 
values of KD-CT and SB in obese adolescent boys, and CDs and 
KD-CT in obese girls, which may have adverse consequences in 
the long term. 

Correlation analysis showed the presence of close 
interrelations of inflammatory factors and OS in the control 
groups; however, a different picture was recorded with obesity. 
Thus, no correlations were found in boys, which indicated an 
imbalance of the existing mechanisms in the conditions of 
pathology. The only negative dependence was registered in obese 
girls – the end products of LPO (SB) and IL-4. This relationship 
may indicate the dominance of proinflammatory factors in this 
group, mediated by the action of OS products. There are studies 

Fig. 1. Сytokine status parameters, TAA and LPO products 
in obese boys; 100% - control group; *- statistically 
significant differences between group with obesity and 
control group (P<0.05).

Fig. 2. Сytokine status parameters, TAA and LPO products 
in obese girls; 100% - control group; *- statistically 
significant differences between group with obesity and 
control group (P<0.05).

Table 1.
Correlations* between the parameters in study groups of adolescents.

Control (boys) Obesity (boys) Control (girls) Obesity (girls)

CDs‒KD-CT 
(r=0.91) - CDs‒KD-CT 

(r=0.99)
SB‒IL-4
 (r=-0.67)

TBARS‒IL-8
 (r=0.73) - TAA‒IL-10

 (r=-0.80) -

SB‒IL-4 
(r=0.79) - TAA‒IL-4

 (r=-0.78) -

* - Table shows only statistically significant correlations.
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which show that the state of inflammation and OS phenomena 
interact closely in conditions of obesity.(14) Common genetic 
mechanisms that potentiate inflammation and OS mechanisms 
have been identified.(20)

Conclusion
In our study, data analysis showed high activity of 

proinflammatory cytokines and LPO products in obese 
adolescents, regardless of gender, with a reduced concentration 
of anti-inflammatory factors and correlations between 
parameters of inflammation and OS in girls. An important 
component of the pathogenetic approach in treating obesity 
should be the control of these parameters.

This work was carried out using the equipment of the 
Center for the Development of Advanced Personalized Health 
Technologies, Scientific Centre for Family Health and Human 
Reproduction Problems, Irkutsk.
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Abstract
Background: At a global level, over 300 million people are estimated to suffer from depression, equivalent to 4.4% of the 

world’s population. The presence of depression, anxiety, and stress (DAS) has major consequences for individuals with diabetes. 
The aim of this study was to determine the prevalence of DAS among adult patients with T2DM in primary health care (PHC) 
settings in Kosovo and to determine any association between DAS, sociodemographic characteristics, and other risk factors. 

Methods and Results: This cross-sectional study was conducted in seven Main Family Medicine Centers in Kosovo 
(Prishtina, Mitrovica, Peja, Prizren, Ferizaj, Gjilan, and Gjakova) from November 2022 to February 2023. The study included 
596 adult patients above 18 years of age who were diagnosed with T2DM at least one year ago. By gender, more respondents 
were female ((F 55.4% vs. M 44.6%); adults aged 30-59 accounted for 38.4%, aged 60+ ‒ 57.7%. Anxiety was the most common 
type of psychological distress among the subjects (82.0%), depression was second with a prevalence of 74% and stress third with 
a prevalence of 43.0%. Females were predominant among respondents regarding the three forms of mental health problems: 
Depression (F 75.8% vs. M 71.8%), Anxiety (F 86.1% vs. M 77.1%), and Stress (F 48.5% vs. M 36.1%)

Subjects with only primary education were more likely to be depressed (79.6%, P=0.007; OR=1.689, 95% CI: 1.153 ‒ 
2.477). HbA1C >6.5% was found to be strongly associated with depression (76.4%, P=0.002; OR=2.071, 95% CI: 1.305 ‒ 3.284). 
Female gender and the presence of comorbidities were found to be significantly associated with anxiety. Female gender, level of 
education, history of DM in the family, presence of comorbidities, and HbA1c >6.5% were significantly associated with stress. 

Conclusion: Our study showed that the prevalence of DAS is high in patients with T2DM. Periodic screening of patients 
with diabetes in PHC settings for early signs of psychological distress using easy and inexpensive validated screening tools like 
the DASS-21 questionnaire is recommended.(International Journal of Biomedicine. 2023;13(3):84-90.)
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Introduction
Diabetes is a common chronic disease worldwide. Its 

prevalence is increasing and is expected to be 783 million 
by 2045.(1) According to the Kosovo STEPS surveys, the 
prevalence of diabetes mellitus (DM) in 2011(2) among 15-
64 year-olds was 7.7% (95% CI: 6.0% ‒ 9.7%), and 7.9% 
(95% CI: 6.9% ‒ 9.0%) among 18-69 year-olds. In 2019 the 
prevalence was higher among females than among males.(2,3) 

Diabetes is the leading noncommunicable disease in Kosovo, 
according to annual reports from the Department of Statistics 
at the National Institute of Public Health of Kosovo.(4) Type 2 
diabetes mellitus (T2DM) affects more than 90% of diabetics. 
After cardiovascular diseases and cancers, the most common 
cause of premature death among Kosovo residents is diabetes.
(5) Several studies have suggested a complex and bidirectional 
association between depression, anxiety, and stress (DAS) 
and chronic diseases, especially T2DM.(6-8) Therefore, patients 
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with T2DM can be at greater risk for depression and anxiety.(9) 
Previous research has examined the prevalence and association 
of DAS among T2DM patients in different countries.(10-18) In 
Kosovo, we have no data on the prevalence of DAS in adults 
and even less in DM patients. The Republic of Kosovo has 
an area of 10,905.25km2. Kosovo has 38 municipalities, with 
1,469 settlements organized according to the country’s laws. 
According to the estimate of the Statistics Agency of Kosovo 
(SAK) for 2021, the total population in Kosovo is 1,773,971. 
Kosovo is characterized by a new population structure, where 
the average age is 30.2 years.(19) Healthcare services in Kosovo 
are organized through a network of health institutions organized 
at three levels: Primary Health Care (PHC), Secondary Health 
Care, and Tertiary Health Care. PHC is the gateway for citizens 
of the Republic of Kosovo to the health system.(20,21)

The aim of this study was to determine the prevalence 
of DAS among adult patients with T2DM in PHC settings 
in Kosovo and to determine any association between DAS, 
sociodemographic characteristics, and other risk factors. 

Materials and Methods
This cross-sectional study was conducted in seven Main 

Family Medicine Centers in Kosovo (Prishtina, Mitrovica, 
Peja, Prizren, Ferizaj, Gjilan, and Gjakova) from November 
2022 to February 2023.

Inclusion criteria: adult patients above 18 years of 
age who were diagnosed with T2DM at least one year ago. 
Exclusion criteria: patients under 18 and those previously 
diagnosed with mental illness or cognitive impairment.

The sample size was calculated using Kish’s formula: 
Sample size = z2×p×(1-p)/c2), where z=1.96 for 95% confidence 
interval (CI), p=prevalence (the possible prevalence of DAS in 
patients with diabetes as 50% (as we do not have similar research 
in Kosovo), and c=desired level of precision (4%).

The response rate was expected to be 85%; the desired 
sample was 700 patients. Therefore, 700 questionnaires were 
distributed proportionally in seven Main Family Medicine 
Centers. From 700 questionnaires, we have reactive feedback 
from 596, or 85.1%. 

Data were collected by distributing a self-administered 
questionnaire consisting of two parts. The first part contains 
the sociodemographic data of each patient and the current 
status of DM, indicated by findings such as duration of 
diabetes, regularity of follow-up (every 3 to 6 months based 
on the patient’s condition), the most recent HbA1c, current 
regimen for diabetes management and diabetes complications. 
Factors affecting the severity of DM were also recorded, such 
as comorbidities, complications, and family history of DM. 
The second part contains questions about DAS using the DAS 
Scale (DASS-21) questionnaire.(22)

The DASS-21 is the short form of the DASS-42, a self-
report scale designed to measure the negative emotional states 
of DAS.  This scale is suitable for clinical settings for diagnosis 
and outcome monitoring and for non-clinical settings as a 
mental health screener.

Statistical analysis was performed using the statistical 
software package SPSS version 22.0 (SPSS Inc, Armonk, NY: 

IBM Corp). For descriptive analysis, results are presented as 
mean ± standard deviation (SD). Odds ratio (OR) with 95% 
confidence interval (CI) was also calculated. For data with 
normal distribution, inter-group comparisons were performed 
using Student’s t-test. Differences of continuous variables 
departing from the normal distribution were tested by the Mann-
Whitney U-test. Group comparisons with respect to categorical 
variables are performed using chi-square test. A probability 
value of P<0.05 was considered statistically significant.

Results
The distribution of respondents by socio-demographic 

characteristics and selected variables is presented in Table 1. 
This study included 596 patients with T2DM. By gender, more 
respondents were female (F 55.4% vs. M 44.6%); adults aged 
30-59 accounted for 38.4%, aged 60+ ‒ 57.7%. Rural residents 
accounted for 35.9%, and residents with primary school ‒ 
42.8%. unemployed ‒ 72.5%, married ‒ 77.7%, residents with 
three and more children – 66.5%. Family history of DM was 
found in 61.1%, and co-morbidity in 68.3%. HbA1C >6.5% 
was found in 84.1% of respondents.

Anxiety was the most common type of psychological 
distress among the subjects (82.0%), depression was second 
with a prevalence of 74% and stress third with a prevalence 
of 43.0%. The prevalence of the three forms of psychological 
distress based on severity is summarized in Table 2. Females 
were predominant among respondents regarding the three 
forms of mental health problems: Depression (F 75.8% vs. M 
71.8%), Anxiety (F 86.1% vs. M 77.1%), and Stress (F 48.5% 
vs. M 36.1%) (Tables 3-5).

On bivariate analysis, depression was found to be 
significantly associated with levels of education and HbA1c. 
Subjects with only primary education were more likely to be 
depressed (79.6%, P=0.0072; OR=1.689, 95% CI: 1.153 ‒ 
2.477). HbA1C >6.5% was found to be strongly associated 
with depression (76.4%, P=0.002; OR=2.071, 95% CI: 1.305 
‒ 3.284) (Table 3).

Female gender and the presence of comorbidities were 
found to be significantly associated with anxiety. Females 
appeared to have more anxiety (86.1%; P=0.004; OR=1.837 
(95% CI: 1.204 ‒2.804). Of those with comorbidities, 84.5% 
of the respondents also scored positive for anxiety (P=0.022, 
OR=1.657, 95% CI: 1.076 ‒ 2.55)) (Table 4). 

Female gender, level of education, history of DM in the 
family, presence of comorbidities, and HbA1c >6.5% were 
significantly associated with stress. Females appeared to have 
more stress (48.5%, P=0.0024; OR=1.667, 95% CI: 1.198 ‒ 
2.320). Subjects with only primary education were more likely 
to be stressed (52.5%, P<0.0001; OR=1.988, 95% CI: 1.428 ‒ 
2.768). HbA1C >6.5% was found to be strongly associated with 
stress (45.3%, P=0.008; OR=1.885, 95% CI: 1.177 ‒ 3.019) 
(Table 5).

Of those with comorbidities, 46.7% of the respondents 
also scored positive for stress (P=0.007, OR=1.632, 95% CI: 
1.142 ‒ 2.332). Subjects with a family history of DM were 
less likely to be stressed (39.6%, P=0.036; OR=0.701, 95% 
CI: 0.503 ‒ 0.978). 
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Table 1. 

Distribution of respondents by socio-demographic characteristics 
and selected variables.

Variable 
Total number of patients (n=596)

n %
Gender

Male 266 44.6

Female 330 55.4

Age, years

<30 23 3.9

30-59 229 38.4

60+ 344 57.7

Mean ± SD 60.3 ± 13.0 

Residence   

City 382 64.1

Village 214 35.9

Level of education

Primary school 255 42.8

Secondary school 211 35.4

University/College 130 21.8

Current Job status

Employed 164 27.5

Unemployed 432 72.5

Marital status

Married 463 77.7

Single 44 7.4

Widow(er) 80 13.4

Separated 9 1.5

Number of children

1-2 141 23.7

3-4 245 41.1

5-6 128 21.5

>6 23 3.9

No children 59 9.9

History of DM in family

Yes 364 61.1

No 232 38.9

Co-morbidity

Yes 407 68.3

No 189 31.7

HbA1C

> 6.5% 501 84.1

≤6.5% 95 15.9

Table 2. 

Severity of depression, anxiety and stress symptoms among the 
participants

Mental disorder n %

Depression   

Normal 155 26.0

Mild 56 9.4

Moderate 168 28.2

Severe 115 19.3

Exetremely severe 102 17.1

Anxiety   

Normal 107 18.0

Mild 32 5.4

Moderate 129 21.6

Severe 71 11.9

Exetremely severe 257 43.1

Stress   

Normal 340 57.0

Mild 60 10.1

Moderate 70 11.7

Severe 94 15.8

Exetremely severe 32 5.4

Table 3. 

Association between depression status and socio-demographic and 
other variables

Variable

Depression

Chi-square test
OR (95% CI)

Yes No

n % n %

Total 441 74.0 155 26.0

Gender

F 250 75.8 80 24.2 P=0.274
1.227 (0.850 to 1.771)M 191 71.8 75 28.2

Age, years

<30 15 65.2 8 34.8
P=0.399*

1.172 (0.810 to 1.695)30-59 167 72.9 62 27.1

60+ 259 75.3 85 24.7

Mean ± SD 60.3 ± 13.2 60.0 ± 13.8  

* 60+ vs. <60      

Residency

City 288 75.4 94 24.6 P=0.298
1.222 (0.838 to 1.781)Village 153 71.5 61 28.5
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Table 3 (continued). 
Association between depression status and socio-demographic and 
other variables

Variable
Depression

Chi-square test
OR (95% CI)

Yes No
n % n %

Total 441 74.0 155 26.0

Level of education

Primary school 203 79.6 52 20.4
P=0.007*

1.689 (1.153 to 2.477)Secondary school 153 72.5 58 27.5

University/College 85 65.4 45 34.6

* Primary vs. Secondary + University

Current job status

Employed 122 74.4 42 25.6 P=0.892
1.029 (0.682 to 1.552)Unemployed 319 73.8 113 26.2

Marital status

Married 346 74.7 117 25.3

P=0.445*
1.183 (0.769 to 1.82)

Single 34 77.3 10 22.7

Widow(er) 54 67.5 26 32.5

Separated 7 77.8 2 22.2

* Married vs. Single + Widow(er) + Separated  

Having children

Yes 396 73.7 141 26.3 P=0.674
0.874 (0.465 to 1.641)No 45 76.3 14 23.7

History of DM in family

Yes 263 72.3 101 27.7 P=0.226
0.790 (0.540 to 1.157)No 178 76.7 54 23.3

Co morbidity

Yes 311 76.4 96 23.6 P=0.049
1.470 (1.002 to 2.157)No 130 68.8 59 31.2

HbA1C

> 6.5% 383 76.4 118 23.6 P=0.002
2.071 (1.305 to 3.284)≤6.5% 58 61.1 37 38.9

Table 4. 
Association between anxiety status and socio-demographic and 
other variables

Variable
Anxiety

Chi-square test 
OR (95% CI)

Yes No
n % n %

Total 489 82.0 107 18.0

Gender

F 284 86.1 46 13.9 P=0.004
1.837 (1.204 to 2.804)M 205 77.1 61 22.9

Table 4 (continued). 
Association between anxiety status and socio-demographic and 
other variables

Variable
Anxiety

Chi-square test 
OR (95% CI)

Yes No
n % n %

Total 489 82.0 107 18.0

Age, years

<30 20 87.0 3 13.0
P=0.628*

0.900 (0.588 to 1.378)30-59 189 82.5 40 17.5

60+ 280 81.4 64 18.6

Mean ± SD 60.1 ± 13.3 61.1 ± 13.7  

* 60+ vs. <60      

Residency

City 318 83.2 64 16.8 P=0.308
1.249 (0.814 to 1.919)Village 171 79.9 43 20.1

Level of education

Primary school 216 84.7 39 15.3
P=0.145*

1.38 (0.895 to 2.126)Secondary school 171 81.0 40 19.0

University/College 102 78.5 28 21.5

* Primary vs. Secondary + University

Current job status

Employed 138 84.1 26 15.9 P=0.411
1.225 (0.755 to 1.987)Unemployed 351 81.3 81 18.8

Marital status

Married 378 81.6 85 18.4

P=0.630*
0.881 (0.527 to 1.474)

Single 39 88.6 5 11.4

Widow(er) 65 81.3 15 18.8

Separated 7 77.8 2 22.2

* Married vs. Single + Widow(er) + Separated  

Having children

Yes 437 81.4 100 18.6 P=0.204
0.588 (0.259 to 1.334)No 52 88.1 7 11.9

History of DM in family

Yes 293 80.5 71 19.5 P=0.217
0.758 (0.488 to 1.177)No 196 84.5 36 15.5

Co-morbidity

Yes 344 84.5 63 15.5 P=0.022
1.657 (1.076 to 2.55)No 145 76.7 44 23.3

HbA1C

> 6.5% 414 82.6 87 17.4 P=0.391
1.269 (0.736 to 2.188)≤6.5% 75 78.9 20 21.1
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Discussion
 Many studies show that comorbid depression, anxiety 

and/or stress in diabetics not only increases disease severity, 
complications, work impairment, and poor quality of life, but 
it is also connected with greater use of medical services and 
much higher healthcare expenses. It is critical for developing 
nations to quantify the prevalence of DAS among patients 
with diabetes to commence early treatment, improve clinical 
outcomes, and reduce resource utilization and cost. Our study 
is the first in PHC in Kosovo with T2DM and has shown 
a high prevalence of DAS at 74.0%, 82.0%, and 43.0%, 
respectively. These values are higher than in many developed 
countries.(23-28) In a study by Khuwaja et al.,(24) 57.9% (95% 
CI: 54.7% ‒ 61.2%) and 43.5% (95% CI: 40.3% ‒ 46.8%) 
of study participants had anxiety and depression, respectively. 
Our study was done in the end stage of the pandemic, which 
can be one of the factors for the high prevalence of DAS 
among diabetic patients. In the study of Arenliu-Qosaj et al.(29) 
about the prevalence of perceived DAS in healthcare workers 
in Kosovo during the COVID-19 pandemic, most healthcare 
workers (71.6%) reported a mild, moderate, or severe mental 
health burden. 

Some of the other reasons for the high prevalence of 
DAS in T2DM patients, compared to other countries, are (1) 
the lack of health insurance, which means that most of these 
patients cover the costs of services such as medications, 
laboratory tests, analysis of complications out of pocket – 
from the family budget; (2) the health system of Kosovo is not 
sufficiently developed: it lacks a health information system, 
databases for patients with diabetes and DAS, screenings for 
certain diseases, including diabetes and DAS, the capacity 
to treat the complications of diabetes as well as for regular 
6-monthly or annual visits of these patients. 

There are other factors that make life difficult for patients 
with diabetes: PHC is not developed enough to manage these 
patients successfully; the level of health education of patients 
in Kosovo is unsatisfactory; the general economic and social 
situation in the country is poor; the rate of unemployment 
is high. The nature of DM itself contributes to the problem: 
the chronicity of the disease, its duration, the presence of 
complications (acute and chronic but more chronic), the need 
to take insulin several times a day, every day (invasive methods 
of receiving therapy, piercing with a needle). Changes in the 
family structure in Kosovo have resulted in a lack of family 
care for patients, especially the elderly (migration of the 
population outside the country, a part of the family leaving 
the home for various reasons and leaving the elderly alone, 
without care), posttraumatic stress after the war, and more.

In a study by Bensbaa et al.(28) in Maroko, a low 
educational level was strongly correlated with depression in 
T2DM patients, with a threshold P-value of 0.01. Also, in our 
study depression was found to be significantly associated with 
level of education. Subjects with only primary education were 
more likely to be depressed  (79.6%, P=0.007; OR=1.689, 95% 
CI: 1.153 ‒ 2.477) and were more likely to be stressed (52.5%, 
P<0.0001; OR=1.988, 95% CI: 1.428 ‒ 2.768) than those with 
secondary education + University. The prevalence of anxiety 

Table 5. 
Association between stress status and socio-demographic and other 
variables

Variable
Stress

Chi-square test 
 

OR (95% CI)

Yes No
n % n %

Total 256 43.0 340 57.0
Gender
F 160 48.5 170 51.5 P=0.002

1.667 (1.198 to 2.320)M 96 36.1 170 63.9

Age, years

<30 9 39.1 14 60.9
P=0.968*

1.007 (0.725 to 1.398)30-59 99 43.2 130 56.8

60+ 148 43.0 196 57.0

Mean ± SD 60.3 ± 13.6 60.2 ± 13.2  

* 60+  vs. <60      

Residency

City 160 41.9 222 58.1 P=0.482
0.886 (0.632 to 1.241)Village 96 44.9 118 55.1

Level of education

Primary school 134 52.5 121 47.5
P<0.0001*

1.988 (1.428 to 2.768)Secondary school 81 38.4 130 61.6

University/College 41 31.5 89 68.5

* Primary vs. Secondary + University

Current Job status

Employed 64 39.0 100 61.0 P=0.233
0.800 (0.554 to 1.154)Unemployed 192 44.4 240 55.6

Marital status

Married 195 42.1 268 57.9

P=0.442*
0.859 (0.583 to 1.266)

Single 19 43.2 25 56.8

Widow(er) 37 46.3 43 53.8

Separated 5 55.6 4 44.4

* Married vs. Single + Widow(er) + Separated  

Having children

Yes 228 42.5 309 57.5 P=0.462
0.817 (0.477 to 1.4)No 28 47.5 31 52.5

History of DM in family

Yes 144 39.6 220 60.4 P=0.036
0.701 (0.503 to 0.978)No 112 48.3 120 51.7

Co-morbidity

Yes 190 46.7 217 53.3 P=0.007
1.632 (1.142 to 2.332)No 66 34.9 123 65.1

HbA1C

> 6.5% 227 45.3 274 54.7 P=0.008
1.885 (1.177 to 3.019)≤6.5% 29 30.5 66 69.5
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in previous literature was higher than that of depression, and 
this is comparable to our study results. 

A study by Mukrim et al.(23) in Northern Saudi Arabia 
showed that the prevalence reached approximately 45.6% for 
anxiety, 18.7% for stress, and 37.4% for depression.  

In a study by Cardenas et al.(12) in Ecuador, the 
prevalence of depression, anxiety, and stress was 31.7%, 
33.7%, and 25.0%, respectively. Male gender was associated 
with a decreased risk for DAS. A higher level of education 
was associated with low risk for DAS. The high prevalence of 
DAS was associated with major risk factors, such as female 
gender and low-level education, like our study. The presence 
of DAS has major consequences for individuals with diabetes.
(32,33) However, several studies have shown that depression 
can be well treated in individuals with diabetes. Increased 
awareness of depression in diabetes care is needed. This can 
be achieved by including screening instruments for depression 
as part of regular diabetes care.(34)

Conclusion
Our study showed that the prevalence of DAS is high in 

patients with T2DM. Anxiety was the most common type of 
psychological distress among the subjects (82.0%), depression 
was second with a prevalence of 74% and stress third with 
a prevalence of 43.0%. Periodic screening of patients with 
diabetes in PHC settings for early signs of psychological 
distress using easy and inexpensive validated screening tools 
like the DASS-21 questionnaire is recommended.

Limitations of the study 
The major limitation of the present study is that the data 

were cross-sectional, which does not allow for studying the 
cause-and-effect relationship.
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Abstract
Background: The aim of this study was to determine the relationship between central corneal thickness (CCT) and intraocular 

pressure (IOP) in patients with refractive anomalies and emmetropes.
Methods and Results: This retrospective study was conducted in the Department of Ophthalmology at the University Clinical 

Center. The study included 330 respondents, with a total of 660 eyes, divided into two groups. The test group (TG) included 180 
respondents with refractive anomalies (65 respondents with hypertropia, 65 with myopia, and 50 with astigmatism); the control 
group (CG) included 150 respondents with uncorrected visual acuity – 6/6 in both eyes. All respondents included in the research 
were aged 18–40, with an average age of 22.9 years. The values of CCT in TG was around 499.3–577.1 μm. From 360 eyes in the 
TG with refractive anomalies, the highest IOP values were found in the astigmatic group (20.6 mmHg) and the lowest values in 
the myopic group (15.3 mmHg) (P<0.001) and were statistically higher compared to the CG (P<0.001 in both cases). We found a 
statistically significant, moderate positive correlation between the values of CCT and IOP in the hypermetropic group (rs=0.655, 
95% CI: 0.540 to 0.745, P<0.0001) and a statistically significant low negative correlation (rs=-0.209, 95% CI: -0.373 to -0.033, 
P=0.0165) between the values of CCT and IOP in the myopic group. Also, a statistically significant low negative correlation (rs=-
0.304, 95% CI: -0.510 to -0.152, P=0.0005) was found between the values of CCT and IOP in the astigmatism group.

Conclusion: The results of our study show that increasing the CCT values in the hypermetropic group leads to an increase in 
the IOP values. Therefore, these findings can be used as a reference for our population, which would assist in the early diagnosis 
of ocular hypertension. (International Journal of Biomedicine. 2023;13(3):91-95.)
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Introduction
Central corneal thickness (CCT), a crucial indicator 

of a healthy cornea, helps to evaluate corneal diseases.(1) 

CCT, as well as intraocular pressure (IOP), is important for 
assessing glaucoma, considering that low CCT will lead to 
the underestimation of intraocular pressure and interfere 
with the prognosis of glaucoma.(2) IOP is a key element in 
the management of glaucoma, and it should, therefore, be 
measured using a reliable technique with a high degree of 

accuracy. Though Goldman applanation tonometry (GAT) 
is the most widely used and current “gold standard” for IOP 
measurements, readings of IOP measurements made with 
GAT are affected by CCT.(3,4) 

Refractive errors constitute one of the most common 
causes of visual impairment affecting all age groups.(5) 
Refractive error is another factor associated with CCT in adults 
and children, with high myopic refractive errors reported to 
have reduced CCT compared, to those with greater hyperopic 
refraction.(6-9)
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The aim of this study was to determine the relationship 
between CCT and IOP in patients with refractive anomalies 
and emmetropes.

Materials and Methods
This retrospective study was conducted in the Department 

of Ophthalmology at the University Clinical Center. The study 
included 330 respondents, with a total of 660 eyes, divided 
into two groups. The test group (TG) included 180 respondents 
with refractive anomalies (65 respondents with hypertropia, 
65 with myopia, and 50 with astigmatism); the control group 
(CG) included 150 respondents with uncorrected visual acuity 
– 6/6 in both eyes. All respondents included in the research 
were aged 18–40, with an average age of 22.9 years. 

Data collection 
Emmetropic respondents were selected after a detailed 

examination. Refractive anomalies were presented by the 
spherical equivalent refraction calculated as sphere plus 
half of the cylindrical error. The respondents were classified 
according to the spherical power into three major groups: 
emmetropic group (+0.25 to −0.25 D), myopic group 
(≥−0.50D), and hypermetropic group(≥+0.50D); furthermore, 
according to the cylindrical equivalent some respondents were 
classified into the astigmatism group (≥−0.5 DC to + ≥0.5 
DC). The hypermetropia and myopia groups were divided into 
three subgroups based on refractive power: mild (≤3.00 DS), 
moderate (3.00-6.00 DS), and high (>6.00 DS).

Based on the focus of the main meridians in the astigmatic 
group, the respondents were classified into these subgroups: 
myopic astigmatism, hypermetropic astigmatism, compound 
astigmatism, and mixed astigmatism. Myopic astigmatism 
was determined in respondents who had a negative (sphere and 
cylinder) error of ≥-0.50DC, and hypermetropic astigmatism 
was determined in respondents who had a positive (sphere and 
cylinder) error of ≥+0.50DC. 

In the subgroup of myopic compound astigmatism, 
respondents were classified into the group where both the 
sphere and cylinder had negative diopters (≥ −0.50D and ≥ 
−0.50DC), as well as the group of compound hypermetropic 
astigmatism (≥ +0.50D and ≥ +0.50DC). Meanwhile, the 
mixed astigmatism group included respondents with a positive 
sphere (+0.50D) and a negative cylinder (-0.50DC), or the 
opposite.

Inclusion criteria, respondents with the following: 
previously undiagnosed refractive anomalies, need for 
correction of refractive anomalies, normal corneal topography, 
no ocular disease, no previous eye surgery, and no previous 
correction with glasses.

Exclusion criteria, patients with the following: 
glaucoma and previous corneal refractive surgery procedures; 
IOP>21 mmHg; evidence of other anterior segment pathology, 
including corneal opacities, keratoconus, corneal oedema, 
presbyopia, amblyopia, staphyloma; best visual acuity of 6/6 
(also expressed as 20/20 or 1.0); diabetes mellitus or other acute 
or chronic diseases possibly affecting the corneal thickness; no 
history of contact lens wear; encroached pterygium; refusal to 
give consent.

Procedure
Data collected from respondents with refractive 

anomalies were retrospectively collected for 360 eyes 
examined over a period of two years, thereafter compared 
with data from normal eyes. After informed consent was 
obtained, the respondents underwent a complete ophthalmic 
examination and anterior segment evaluation biomicroscopy. 
Visual acuity was measured at 6 meters (20 feet) using a 
Snellen chart. 

IOP measurement by GAT: three measurements were 
taken, and the average was calculated, optic axis length 
measurement with ultrasound A scan, corneal curvature 
measurement with the automated keratometry, and 90D 
cycloplegia fundus exam. 

CTT measurement was initially performed on all 
respondents with refractive anomalies as well as the CG. 
CCT was measured by ultrasonic pachymetry, five CCT 
measurements were taken, and the average was used for 
analysis. The visual acuity was determined using mydriatic 
points, then under the influence of the mydriatic, with 
Hydrochloride Cyclopentolate (one drop of 1% solution). A 
cyclopentolate drop was instilled two times at an interval of 10 
minutes, and refraction was carried out after 45 minutes after 
the first instillation. Cycloplegia was considered complete if 
the pupil was dilated to 6 mm or more and no light reflex was 
present. On completion of testing the right eye, the acuity of 
the left eye was measured. Results were the same when the left 
eye was analyzed; thus, right-eye data were presented. 

Statistical analysis was performed using the statistical 
software package SPSS version 22.0 (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. A non-parametric Kruskal-Wallis test was 
used to compare median values among ≥3 groups, followed by 
Dunn’s test to identify which groups are different. Categorical 
variables were analyzed using the chi-square test with Yates’ 
correction or, alternatively, Fisher’s exact test. Spearman’s 
rank correlation coefficient (rs) was calculated to measure 
the strength and direction of the relationship between two 
variables. A probability value of P<0.05 was considered 
statistically significant.

Results
By categorizing respondents by gender, we found 

no difference with a significant statistical value. Most of 
the surveyed respondents (75.2%) from the four groups 
were between 20–29 years. All respondents included in the 
research were aged 18–40, with a mean age of 22.9±4.0 
years. According to age, we found statistically significant 
differences between the groups (P=0.0002). Respondents with 
astigmatism were younger than the group with hypermetropia 
(P<0.01) and myopia (P<0.01) (Table 1). 

The values of CCT in TG was around 499.3–577.1 
μm. We found a statistically significant difference between 
the CCT of the three groups—hypermetropia, myopia, 
and astigmatism—and the CG (P<0.001) (Table 2). Also, 
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compared with the CG, we obtained a statistically significant 
difference in the IOP value in all groups with refractive 
anomalies (P<0.0001) (Table 3). From 360 eyes in the TG with 
refractive anomalies, the highest IOP values were found in the 
astigmatic group (20.6 mmHg) and the lowest values in the 
myopic group (15.3 mmHg) (P<0.001) and were statistically 
higher compared to the CG (P<0.001 in both cases) (Table 3).

We have analyzed the degree of correlation between the 
values of CCT (µm) and IOP (mmHg) in the hypermetropic 
group, where a statistically significant, moderate positive 
correlation was found (rs=0.655, 95% CI: 0.540 to 0.745, 
P<0.0001), (Figure 1). A statistically significant low negative 
correlation (rs=-0.209, 95% CI: -0.373 to -0.033, P=0.0165) 
was found between the values of CCT and IOP in the 
myopic group (Figure 2). Also, a statistically significant low 
negative correlation (rs=-0.304, 95% CI: -0.510 to -0.152, 
P=0.0005) was found between the values of CCT and IOP in 
the astigmatism group (Figure 3). No significant correlation 
(rs=0.074, 95% CI: -0.042 to 0.189, P=0.197) was determined 
between the values of CCT and IOP in the CG (Figure 4).

 
Hypermet-
ropic group

n=65

Myopic 
group
n=65

Astigma-
tism group

n=50

Control 
group
n=150

P-value

Gender, n (%)

F 45(69.2) 41(63.1) 32(64.0) 94(62.7)
0.824

M 20(30.8) 24(36.9) 18(36.0) 56(37.3)

Age, mean±SD
 (year) 23.8±4.9 24.2±5.6 21.6±2.1 22.3±2.7 0.0002

Age group (year) n (%)

< 20 11(16.9) 12(18.5) 10 20.0) 30(20.0)

0.005720-29 47(72.3) 43(66.2) 40(80.0) 118(78.7)

≥30 7(10.8) 10(15.4) - 2(1.3)

Table 1.
General characteristics of study patients

CCT (µm) n Mean ±SD P-value

Hypermetropia 65 561.5±25.3 Hypermetropia 

High vs.Con., P<0.05
Moderate vs.Con., P<0.001 
Low vs.Con., P<0.001

high 7 569.5±23.2

moderate 15 577.1±40.2

low 43 559.7±21.5

Myopia 65 517.9±37.3 Myopia

High vs. Con., P<0.001
Moderate vs. Con., P<0.001
Low vs. Con., P<0.001

high 5 507.3±50.8

moderate 9 499.3±41.8

low 51 526.0±34.5

Astigmatism 50 528.3±35.3 Astigmatism 

Hypermetrop.vs. Con.,P>0.05
Myopic vs. Con., P<0.001
Mixed vs. Con., P>0.05
Compound vs. Cont., P<0.001

hypermetropic 10 547.8±27

myopic 21 518.2±24.6

mixed 11 549.4±41.5

compound 8 514.1±36

Control  (Con.) 150 553.3±18.5  

Kruskal Wallis test              P<0.001
Dunn’s test

Hypermetropia vs. Myopia [P<0.001]; 
Hypermetropia vs. Astigmatism [P<0.001]; 
Hypermetropia vs. Control  [P>0.05]; 
Myopia vs. Astigmatism [P>0.05]; 
Myopia vs. Control [P<0.001]; 
Astigmatism vs.Control  [P<0.001].

Table 2. 

Central corneal thickness by groups

IOP,
mmHg

  Group

   Hypermetropia Myopia Astigmatism Control 

n 65 65 50 150

Mean 19.9 15.3 20.6 12.3

SD 5.0 4.7 4.9 3.0

Min 10 10 10 10

Max 26.5 24.5 29 21

Kruskal Wallis test  P<0.0001
Dunn’s test
Hypertropia vs. Myopia [P<0.001]; Hypertropia vs. Astigmatism [P>0.05];
Hypertropia vs. Control [P<0.001]; Myopia vs. Astigmatism [P<0.001]
Myopia vs. Control [P<0.001]; Astigmatism vs. Control [P<0.001]

Fig. 1. Correlation between CCT and IOP in the hypermetropic group.

Fig. 2. Correlation between CCT and IOP in the myopic group.
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Discussion
In a study by Juwayli et al.,(10) the average age of 

the myopic study group was 32.3±5.61years, while in the 
hypermetropic group - 35±6.59 years, ranging from 20 to 
40 years. Women dominated in both groups; there were 25 
myopic and 25 hyperopic eyes.(10) In our study, the average 
age was 22.9, range 18-40, and it also included astigmatic 
respondents (Table 1). A study by Qayum et al.(11) found that 
CCT was associated with IOP in both genders. These results 
were consistent with our findings.

We also found a statistically significant difference 
between the CCT values of the three groups—hypermetropic, 
myopic, and astigmatic—and the CG (P<0.001) (Table 2). In 
the hypermetropic group, the mean value of CCT was higher 
than in the CG (emmetrope). Many researchers have reported 
a correlation between CCT and IOP measurements using the 
GAT method. An increasing number of new methods for IOP 
measurement have become the object of many studies, which 
compare them with the GAT method, which is still considered 
to be the standard method.(12) 

In this study, using GAT methods, we found that the 
average IOP value of our respondents was 12.3 mmHg.(13) 
This is consistent with other studies. Ehlers et al.(14) showed 
a 5 mm mmHg increase in IOP for every 70-µm increase in 
CCT, while a study by Wei et al.(15) reported a 0.32 mmHg 

increase in IOP for every 10-µm increase in CCT.
Many studies found a positive association between 

IOP and CCT measured by applanation and a possible 
overestimation. Numerous studies have shown that patients 
diagnosed with ocular hypertension have significantly thicker 
corneas than normal subjects.(16,17) But in our study, the 
respondents did not have a positive history of glaucoma. From 
360 eyes in the TG with refractive anomalies, the highest IOP 
values were found in the astigmatic group (20.6 mmHg) and 
the lowest values in the myopic group (15.3 mmHg) (P<0.001) 
and were statistically higher compared to the CG (P<0.001 in 
both cases) (Table 3).

A study by Hoffmann et al.(8) with the pachymetry 
method showed that a normal range of the values of CCT was 
around 520–550 μm. They concluded that variability in CCT 
measurement could be a reason for error with GAT, where 
thick cornea may cause an overestimation of IOP values. Also, 
the results of our study show that these reasons can affect the 
IOP values measured with the GAT method.

The relationship between refractive anomalies and IOP 
is another area of discrepancy. Some studies have suggested 
that myopia may be associated with the risk of primary open-
angle glaucoma and hypermetropia with a possible risk of 
ocular hypertension.(18) Most of the studies have focused 
mainly on myopic and hypermetropic eyes, but we have also 
included astigmatic eyes in our study.

Regarding the relationship between IOP and refractive 
errors, a study conducted in Wisconsin(16) showed that myopes 
were 60% more likely to develop glaucoma than emmetropes. 

A study by Nomura et al.(19) found a positive relationship 
between IOP and increasing degrees of myopia; unlike our 
results, a correlation was found between IOP and the myopic 
group, regardless of the degree of myopia. Such results have 
been encountered in other studies, such as a study by Mana, 
who found a weak but significant correlation between GAT-
IOP and corneal astigmatism.(20) Meanwhile, our study found 
a statistically significant low negative correlation between the 
values of CCT and IOP in the astigmatic group (Figure 1). 
We obtained a statistically significant difference between the 
values of the CCT and IOP of the hypermetropic, myopic, and 
astigmatic groups, compared with the CG (P<0.001) (Figures 
1-4). In our results, of the 360 eyes in the TG, the highest IOP 
values were found in the astigmatic group (20.6 mmHg), while 
the lowest values were in the myopic group (15.3 mmHg).

In conclusion, the results of our study show that 
increasing the CCT values in the hypermetropic group leads 
to an increase in the IOP values. Also, these results showed 
that the mean IOP measured by the applanation tonometer 
was 12.3 mmHg in control, and the highest IOP values were 
found in the astigmatic group (20.6 mmHg). Therefore, these 
findings can be used as a reference for our population, which 
would assist in the early diagnosis of ocular hypertension. 
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Abstract
Background: This study aimed to determine the correlation between central corneal thickness (CCT) and axial length (AL) 

in patients with refractive anomalies and emmetropes.
Methods and Results: The study included 330 respondents, with a total of 660 eyes, divided into two groups. The test 

group (TG) included 180 respondents with refractive anomalies (65 respondents with hypertropia, 65 with myopia, and 50 with 
astigmatism); the control group (CG) included 150 respondents with uncorrected visual acuity – 6/6 in both eyes. 

The CCT values were higher in the hypermetropic group compared to the myopic group (561.5±25.3 vs. 517.9±37.3 mm, 
P<0.001), astigmatism group (561.5±25.3 vs. 528.3±35.3 mm, P<0.001) and the CG (561.5±25.3 vs. 553.3±18.5 mm, P<0.001). 

From 360 eyes in the TG with refractive anomalies, the lowest AL values were found in the hypermetropic group (21.7±1.0 
mm) compared to the myopic group (P<0.001), the astigmatism group (P<0.001), and the CG (P<0.001). Similar differences were 
also found for the right eyes (OD): hypermetrops tend to have shorter AL than the astigmatic group (P<0.001), myopic group 
(P<0.001), and the CG (emmetrope) (P<0.001). 

Conclusion: The mean CCT value in the hyperopic group was higher than in the emmetropic group, while the CCT value 
of the myopic and astigmatic group was lower than that of the emmetropic group. AL values were the lowest in the hypermetropic 
group than in the myopic, astigmatic, and control groups.(International Journal of Biomedicine. 2023;13(3):96-100.)
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Introduction
Central corneal thickness (CCT) is an important 

indicator of corneal health status. It is an essential tool in 
assessing and managing corneal diseases and helps estimate 
the corneal barrier and endothelial pump function.(1) Refractive 
errors refer to an optical defect in which the optical system 
cannot sharply focus parallel rays of light on the retina when 
the accommodation is at rest.(2-4)The most common refractive 
errors are myopia, hyperopia, and astigmatism.(5) The global 
magnitude of refractive errors is not reliably reported, but it 
is estimated that more than 2.3 billion people worldwide are 
affected by this ocular condition.(6)

 Experimental, epidemiological, and clinical research has 
shown that both environmental and genetic factors influence 
refractive development.(7) The axial length (AL) is known to be 
shorter in hyperopes and longer in myopes than in emmetropic 
eyes.(8) Compared with other ocular components, such as the 
cornea and crystalline lens, the AL is typically regarded as the 
primary determinant of refractive error.(9) The AL is the distance 
from the corneal surface to an interference peak corresponding 
to the retinal pigment epithelium/Bruch’s membrane; this is 
expressed in millimeters,(10,11) and AL is one of the key variables 
determining the eye’s refractive status. AL grows beyond the 
length at which emmetropia occurs, leading to myopia. Before 
emmetropia, short AL tends to keep hyperopia.(12) Among these 
components, AL received the most attention since it is a main 
parameter for both myopia and hypermyopia.(13)

This study aimed to determine the correlation between 
CCT and AL in patients with refractive anomalies and 
emmetropes.
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Materials and Methods
The study included 330 respondents, with a total of 660 

eyes, divided into two groups. The test group included 180 
respondents with refractive anomalies (65 respondents with 
hypertropia, 65 with myopia, and 50 with astigmatism); the 
control group (CG) included 150 respondents with uncorrected 
visual acuity – 6/6 in both eyes. 

All respondents included in the research were aged 18–
40, with an average age of 22.9 years. 

Data collection 
Emmetropic respondents were selected after a detailed 

examination. Refractive anomalies were presented by the 
spherical equivalent refraction calculated as sphere plus 
half of the cylindrical error. The respondents were classified 
according to the spherical power into three major groups: 
emmetropic group (+0.25 to −0.25 D), myopic group 
(≥−0.50D), and hypermetropic group(≥+0.50D); furthermore, 
according to the cylindrical equivalent some respondents were 
classified into the astigmatism group (≥−0.5 DC to + ≥0.5 
DC). The hypermetropia and myopia groups were divided into 
three subgroups based on refractive power: mild (≤3.00 DS), 
moderate (3.00-6.00 DS), and high (>6.00 DS).

Based on the focus of the main meridians in the astigmatic 
group, the respondents were classified into these subgroups: 
myopic astigmatism, hypermetropic astigmatism, compound 
astigmatism, and mixed astigmatism. Myopic astigmatism 
was determined in respondents who had a negative (sphere and 
cylinder) error of ≥-0.50DC, and hypermetropic astigmatism 
was determined in respondents who had a positive (sphere and 
cylinder) error of ≥+0.50DC. 

In the subgroup of myopic compound astigmatism, 
respondents were classified into the group where both the 
sphere and cylinder had negative diopters (≥ −0.50D and ≥ 
−0.50DC), as well as the group of compound hypermetropic 
astigmatism (≥ +0.50D and ≥ +0.50DC). Meanwhile, the 
mixed astigmatism group included respondents with a positive 
sphere (+0.50D) and a negative cylinder (-0.50DC), or the 
opposite.

Inclusion criteria, respondents with the following: 
previously undiagnosed refractive anomalies, need for 
correction of refractive anomalies, normal corneal topography, 
no ocular disease, no previous eye surgery, and no previous 
correction with glasses.

Exclusion criteria, patients with the following: 
glaucoma and previous corneal refractive surgery procedures; 
IOP>21mmHg; evidence of other anterior segment pathology, 
including corneal opacities, keratoconus, corneal oedema, 
presbyopia, amblyopia, staphyloma; best visual acuity of 6/6 
(also expressed as 20/20 or 1.0); diabetes mellitus or other acute 
or chronic diseases possibly affecting the corneal thickness; no 
history of contact lens wear; encroached pterygium; refusal to 
give consent.

Procedure
Data collected from respondents with refractive 

anomalies were retrospectively collected for 360 eyes 
examined over a period of two years, thereafter compared 
with data from normal eyes. After informed consent was 

obtained, the respondents underwent a complete ophthalmic 
examination and anterior segment evaluation biomicroscopy. 
Visual acuity was measured at 6 meters (20 feet) using a 
Snellen chart. 

IOP measurement by Goldmann applanation tonometry 
(GAT): three measurements were taken, and the average was 
calculated, optic axis length measurement with ultrasound 
A scan, corneal curvature measurement with the automated 
keratometry, and 90D cycloplegia fundus exam. 

CTT measurement was initially performed on all 
respondents with refractive anomalies as well as the CG. 
CCT was measured by ultrasonic pachymetry, five CCT 
measurements were taken, and the average was used for 
analysis. The visual acuity was determined using mydriatic 
points, then under the influence of the mydriatic, with 
Hydrochloride Cyclopentolate (one drop of 1% solution). A 
cyclopentolate drop was instilled two times at an interval of 10 
minutes, and refraction was carried out after 45 minutes after 
the first instillation. Cycloplegia was considered complete if 
the pupil was dilated to 6 mm or more and no light reflex was 
present. On completion of testing the right eye, the acuity of 
the left eye was measured. Results were the same when the left 
eye was analyzed; thus, right-eye data were presented. 

Statistical analysis was performed using the statistical 
software package SPSS version 22.0 (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. A non-parametric Kruskal-Wallis test was 
used to compare median values among ≥3 groups, followed by 
Dunn’s test to identify which groups are different. Categorical 
variables were analyzed using the chi-square test with Yates’ 
correction or, alternatively, Fisher’s exact test. Spearman’s 
rank correlation coefficient (rs) was calculated to measure 
the strength and direction of the relationship between two 
variables. A probability value of P<0.05 was considered 
statistically significant.

Results
Most of the respondents in all groups were females, 

without significant differences between groups (P=0.824). In 
all groups, the respondents were younger than 40, although the 
control and astigmatism groups were younger than the others 
(P=0.0002), (Table 1).

We found a statistically significant difference between 
the CCT values of the three groups—hypermetropia, myopia, 
and astigmatism—and the CG (P<0.001) (Table 2). But we 
found no statistically significant difference between the CCT 
values in the hypermetropic and mixed astigmatism groups, 
compared with the CG (P>0.05).  

In the group of respondents with hypermetropia, we 
found a statistically significant difference in the CCT values 
in the subgroups of high, moderate, and low hypermetropia, 
compared to the CG (569.5±23.2 vs. 553.3±18.5 mm [P<0.05], 
577.1±40.2 vs. 553.3±18.5 mm [P<0.001], and 559.7±21.5 
vs. 553.3±18.5 mm [P<0.001], respectively). In the group 
with myopia, we found statistically significant differences 
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in the CCT values in the subgroups of high, moderate, and 
low myopia, compared to the CG (507.3±50.8 vs. 553.3±18.5 
mm [P<0.001], 499.3±41.8 vs. 553.3±18.5 mm [P<0.001], 
and 526.0±34.5 vs. 553.3±18.5 mm [P<0.001], respectively) 
(Table 2). In the group with astigmatism, we found a 
statistically significant difference between the CCT values 
in the myopic and compound subgroups of astigmatism, 
compared with the CG (518.2±24.6 vs. 553.3±18.5 mm and 
514.1±36.0 vs. 553.3±18.5 mm, P<0.001 in both cases) (Table 
2). About 24.5% of the myopic eyes and 16% of the astigmatic 
eyes had CCT less than 500 μm. 

From 360 eyes in the TG with refractive anomalies, 
the lowest AL values were found in the hypermetropic group 
(21.7±1.0 mm) compared to the myopic group (P<0.001), the 
astigmatism group (P<0.001), and the CG (P<0.001). Similar 
differences were also found for the right eyes (OD) (Table 3): 
hypermetrops tend to have shorter AL than the astigmatic group 
(P<0.001), myopic group (P<0.001), and the CG (emmetrope) 
(P<0.001) (Table 3). 

Moreover, we found a significant correlation between 
CCT and AL in the hypermetropic and astigmatism groups but 
no significant correlation between the myopic group and the 
CG (Figures 1-4).

Table 1.
General characteristics of study patients

 
Hypermet-
ropic group

n=65

Myopic 
group
n=65 

Astigma-
tism group

n=50

Control 
group
n=150

P-value

Gender. n (%)

F 45(69.2) 41(63.1) 32(64.0) 94(62.7)
0.824

M 20(30.8) 24 36.9) 18(36.0) 56(37.3)

Age (year)      

Mean ± SD 23.8±4.9 24.2±5.6 21.6±2.1 22.3±2.7
0.0002

Rank 18-40 18-39 17-28 18-30

CCT (µm) n Mean ±SD P-value

Hypermetropia 65 561.5±25.3 Hypermetropia 

High vs.Con., P<0.05
Moderate vs.Con., P<0.001 
Low vs.Con., P<0.001

high 7 569.5±23.2

moderate 15 577.1±40.2

low 43 559.7±21.5

Myopia 65 517.9±37.3 Myopia

High vs. Con., P<0.001
Moderate vs. Con., P<0.001
Low vs. Con., P<0.001

high 5 507.3±50.8

moderate 9 499.3±41.8

low 51 526.0±34.5

Astigmatism 50 528.3±35.3 Astigmatism 

Hypermetrop.vs. Con., P>0.05
Myopic vs. Con., P<0.001
Mixed vs. Con., P>0.05
Compound vs. Cont., P<0.001

hypermetropic 10 547.8±27

myopic 21 518.2±24.6

mixed 11 549.4±41.5

compound 8 514.1±36

Control  (Con.) 150 553.3±18.5  

Kruskal Wallis test          P<0.001
Dunn’s test

Hypermetropia vs. Myopia [P<0.001]; 
Hypermetropia vs. Astigmatism [P<0.001]; 
Hypermetropia vs. Control  [P>0.05]; 
Myopia vs. Astigmatism [P>0.05]; 
Myopia vs. Control [P<0.001]; 
Astigmatism vs.Control  [P<0.001].

Table 2. 

Central corneal thickness by groups

AL (mm)
Group

Hypermetropia Myopia Astigmatism Control 
n 65 65 50 150
Mean 21.6 23.2 23.0 23.1
SD 0.9 1.1 1.1 0.3
Min 19.0 21.0 20.8 22.0
Max 23.3 26.3 25.2 24.9
Kruskal Wallis test   P<0.0001

Dunn’s test
Hypermetropia  vs. Myopia [P<0.001]; Hypermetropia vs. Astigmatism
[P<0.001]; Hypermetropia vs. Control [P<0.001]; Myopia vs. Astig- 
matism [P>0.05]; Myopia vs. Control [P>0.05]; Astigmatism vs. Control 
[P>0.05] 

Table 3. 
AL (OD) values in groups with refractive anomalies

 Fig. 1. Correlation between CCT and AL in the hypermetropic group.

       Fig. 2. Correlation between CCT and AL in the myopic group.
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Discussion
In this study, the mean age was 22.9 years, ranging 

from 18 to 40 years, because people of these ages represent 
refractive stability. The respondents were distributed into 
three age subgroups:18-40 years in the hypermetropic group, 
18-39 years in the myopic group, 17-28 years in the astigmatic 
group, and 18-30 years in the emmetropic group. Respondents 
with astigmatism were younger than the hypermetropic 
(P<0.01) and myopic (P<0.01) groups. In all groups, females 
dominated, without a significant difference between the 
groups.

In a study by Juwayli et al.,(14) the average age of the 
myopic study group was 32.3± 5.61years, while in the 
hypermetropic group - 35± 6.59 years, ranging from 20 to 40 
years. Women dominated in both groups.  Their results are 
similar to those of our study. The results of a study by Mourad 
et al.(15) with the mean age for all patients of 33.75 years, 
most of them females, were also similar to our study results. 
However, the mean age in our study group was 22.9. 

In a study by Iyamu et al.,(16) there was a statistically 
significant negative correlation between CCT and age, and 
that was a 5.0µm decrease in CCT for every 10-year increase 
in age. Their finding does not correspond with our study. 

Our results confirmed our initial hypotheses. The 
first hypothesis is that the value of CCT in hypermetropic 
respondents is higher than in the emmetropic group. The 
second hypothesis is that CCT’s value in myopic respondents 

is lower than in the emmetropic group. The third hypothesis, 
the value of the CCT in respondents with astigmatism depends 
on the type of astigmatic equivalents. 

Our findings showed that the median CCT in the 
hypermetropic group was 564.8 µm, in the myopic group - 
521.3 µm, and in the astigmatism group - 530.3 µm, compared 
to the emmetropic group with 552.3 µm. As a result, a 
correlation was found between CCT and refractive anomalies, 
as CCT was statistically higher in the hypermetropic group 
than in the myopic and astigmatism groups (P<0.001). About 
24.5% of myopic and 16% of astigmatic eyes had CCT less 
than 500 μm.

The correlation between the CCT and refractive 
anomalies is questionable. Thus, as in our study, Shisheng 
et al.(17) suggested a positive correlation between these two 
parameters; but Liu et al.(18) found no significant correlation. 

Bradfield et al.(19) found that the CCT is 1µm thinner 
than average for every degree of increased myopic refractive 
anomaly. In our study, we found such a correlation, but we did 
not determine the degree of the anomaly. A study by Kadhim 
et al.(20) that measured the CCT by ultrasound pachymeter 
found significantly thinner corneas in myopia (539.5 nm) than 
emmetropia (550.47 nm). Our study had similar results. Saxena 
et al.,(21) who used the same CCT evaluation methodology, 
found a thinner CCT in myopic individuals than in hyperopic. 
We had the same finding in our study.

A study by Nomura et al.(22) found a median CCT for 
hyperopia of 512.5 nm and for emmetropia of 516 nm. Their 
conclusion is contrary to our study results because we found 
CCT to be thicker in the hypermetropic group than in the 
emmetropic one. According to a study by Hashmani et al.,(23) 

astigmatism significantly correlates with CCT. These findings 
are in accordance with our study.

Mourad et al.(15) studied the association between CCT 
and axial errors of refraction, but unlike our study, the CCT 
was obtained by pentacam. They found the CCT is higher in 
the emmetropia than in myopia and hypermetropia groups. 
This result does not correspond with our study outcome 
because we found a higher CCT value in a hypermetropic 
group than in other study groups.

The other findings of our study were related to the 
correlation between CCT parameters and AL in respondents 
with refractive anomalies. In our study, AL values for both 
eyes were the lowest in the hypermetropic group, with an 
average of 21.7±1.0 mm statistically significant difference 
(P<0.001) than in the myopic group (23.3 mm), astigmatism 
group (23.1 mm), and the CG (23.1 mm), (P<0.001). So far, 
there is no consensus in terms of CCT correlation with other 
ocular parameters, including the AL.(16)

Chang et al.(24) found that the mean CCT in myopic 
adults was 533µm and is thinner in more myopic eyes with 
longer AL. Our results showed that CCT values were lower 
in the myopic group, with longer AL, but not in more myopic 
eyes. According to Bhardwaj et al.,(25) myopes tend to have 
longer AL, and hypermetropes tend to have a shorter AL than 
emmetropes and astigmatics up to particular age. This is in 
accordance with our results, although in different study age 
groups. 

Fig. 3. Correlation between CCT and AL in the astigmatism group.

    Fig. 4. Correlation between CCT and AL in the control group.
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Unlike other studies, Iyamu et al.(16) found no correlation 
between CCT and AL in adult Nigerians. Neither did 
Shimmyo et al.,(26) who studied the ocular parameters of 1084 
eyes. Meanwhile, we found a significant correlation between 
CCT and AL in the myopic and astigmatism groups, but no 
significance in the hypermetropic group and the CG.

In conclusion, the mean CCT value in the hyperopic 
group was higher than in the emmetropic group, while the CCT 
value of the myopic and astigmatic group was lower than that of 
the emmetropic group. In about 24.5% of the myopic eyes and 
16% of the astigmatic eyes, the CCT was lower than 500 μm. 
AL values were the lowest in the hypermetropic group than in 
the myopic, astigmatic, and control groups.
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Abstract
Background: Nonalcoholic fatty liver disease (NAFLD) incidence and prevalence have increased globally.  The gravity of 

this chronic disease comes from its ability to progress to cirrhosis and hepatocellular carcinoma, which are rising rapidly. Genetic, 
demographic, environmental, and clinical factors are significant in the occurrence of NAFL. This study aimed to assess risk factors 
that affect the occurrence of NAFLD.

Methods and Results: This cross-sectional study was carried out at hospitals in the Hail Region, KSA. It included 160 
patients: 76 were considered as control (normal liver), and 84 suffered from fatty liver (according to a US image).  Sonography was 
carried out using a US scanner with curvilinear transducers having a frequency of 3.5MHz.  The following data were obtained: age, 
BMI, clinical history, including long-term medication of more than 3 months (oral antidiabetic medications, hormone replacement 
therapy for hyperthyroidism, and antihypertensive drug), type 2 diabetes (T2D), viral hepatitis, liver span, lipidemia, metabolic 
disorders, and weight loss. The prevalence of NAFLD increases significantly among patients taking medications for a long time 
and T2D patients (P<0.001). Hepatomegaly is one of the most common physical examination findings of NAFLD (P<0.001).

Conclusion: A periodic US examination is helpful because it can reveal fatty infiltration of the liver in the early stages to 
avoid fatal complications, especially for patients with long-term medication or T2D. Other studies with larger sample sizes and 
different known risk factors are needed to discover all risk factors for the KSA population. (International Journal of Biomedicine. 
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Introduction
Nonalcoholic fatty liver disease (NAFLD) incidence 

and prevalence have increased globally.(1) The prevalence in 
Asia is equal to that in the West. The gravity of this chronic 
disease comes from its ability to progress to cirrhosis and 
hepatocellular carcinoma, which are rising rapidly.(2-4) Genetic, 

demographic, environmental, and clinical factors are significant 
in the occurrence of NAFLD.(1) Certain genetic factors have 
revealed their role in the occurrence of NAFLD, e.g., patatin-
like phospholipase domain-containing 3 (PNPLA3) gene, 
sorting and assembly machinery component 50 (SAMM50) 
gene, and centrosomal protein of 192 kDa (CEP192) gene.(1,4) 
An unhealthy lifestyle, obesity, and weight loss are major risk 
factors. The tendency to contract NAFLD increases with age, 
reaching a peak at the age of 60, and is higher among males 
than females. The global increase in the incidence of NAFLD is 
associated with rising obesity, T2D, and metabolic syndrome.(1,5) 
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Different noninvasive modalities are used to detect 
NAFLD, like US and MRI.(6) US is the method of choice 
because of its low cost and availability. Different techniques 
have been developed nowadays to increase the accuracy 
of this modality. Quantitative US and US with artificial 
intelligence are new techniques for identifying NAFLD in 
high-risk patients.(6,7) Sonographically, fatty liver disease is 
characterized by increased echogenicity, vascular blurring, 
and enlargement.(8) During clinical examinations. it has been 
observed that NAFLD is discovered suddenly, and many 
patients are suffering from fatty liver without knowing it. 

This study aimed to assess risk factors that affect the 
occurrence of NAFLD.

Materials and Methods
This cross-sectional study was carried out at hospitals 

in the Hail Region, KSA, on 160 patients who came to the 
radiological departments for an abdominal ultrasound.  
Sonography was carried out using a US scanner with 
curvilinear transducers having a frequency of 3.5 MHz. US 
scanning was performed according to AIUM guidelines for an 
abdominal ultrasound.(9)   

The following data were obtained: age, BMI, clinical 
history, including long-term medication of more than 3 
months, T2D, viral hepatitis, liver span, lipidemia (the level 
of cholesterol more than 240 mg/dL or triglycerides more 
than 240 mg/dL), and weight loss. In addition, the presence of 
sickle cell anemia, cystic fibrosis, maple syrup urine disease, 
Gaucher’s disease, or hemochromatosis was assessed. These 
data were retrieved from the PACS. 

A designed data collection sheet containing all the study 
variables was used. This study included 160 patients: 76 were 
considered as control (normal liver), and 84 suffered from 
fatty liver (according to a US image). 

The sonographic diagnosis of fatty liver depends on 
parenchymal brightness (increased echogenicity than the 
normal liver). There are three patterns: diffuse, characterized 
by overall hyperechogenicity (n=77); focal, characterized 
by focal hyperechogenicity (n=5); and focal fatty sparing, 
characterized by hypoechoic areas within hyperechoic 
parenchyma (n=2). In addition, the LS (≤13 cm or >13cm) 
was assessed.

Statistical analysis was performed using the statistical 
software package SPSS version 23.0 (SPSS Inc, Armonk, 
NY: IBM Corp). Baseline characteristics were summarized 
as frequencies and percentages for categorical variables. 
Continuous variables with normal distribution were presented 
as mean and standard deviation (SD). The frequencies of 
categorical variables were compared using Pearson’s chi-
squared test. A probability value of P<0.05 was considered 
statistically significant.

Results
Table 1 shows the age, BMI mean, and standard 

deviation. Patients were classified into three groups according 
to age; 18-30 years, 31-60 years, and 61-97 years.  The sample 

was classified into three groups according to BMI: normal 
weight (NW), overweight and obese. The association between 
age groups, BMI, liver span, and NAFLD were assessed using 
a chi-square test (Tables 2-4). 

Figure 1 shows the distribution of risk factors among 
patients with NAFLD.  There were five patients with a high 
level of cholesterol and one with a high triglyceride level.  

Variable Minimum Maximum Mean SD

Age 16.00 97.00 47.5250 20.81121

BMI 18.50 81.00 39.4100 13.99385

Table 1.
Basic characteristics.

Age groups
(P=0.160)

BMI groups
(P=0.145)

1-30 yr. 31-60 yr. 61-97 yr. NW Overweight Obese

Normal 20 40 16 8 10 58

Fatty liver 26 32 26 14 18 52

Total 46 72 42 22 28 110
            

Table 2. 
Association between age and BMI, and NAFLD

Normal Fatty liver Total P-value

Long-term
medication

Yes 4 30 34
0.000

No 72 54 126

T2D
Yes 0 18 18

0.000No 76 66 142

Viral hepatitis
Yes 4 8 12

0.307No 72 76 148

Lipidemia
Yes 2 4 6

0.771*No 74 80 154
  
* Pearson’s chi-squared test with the Yates’ correction 

Table 3. 
Association between known risk factors and the presence of NAFLD.

Liver span, cm Normal Fatty liver Total P-value

≤ 13 76 62 138

0.000>13 0 22 22

Total 76 84 160
                    

Table 4. 
Association between liver span and NAFLD.
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No patients suffered from sickle cell anemia, cystic fibrosis, 
Gaucher’s disease, or hemochromatosis (Figure 2). 

There were 34 patients who had been taking medication 
for a long time (antidiabetic medications - 16, hormone 
replacement therapy (HRT) for hyperthyroidism - 10, and 
antihypertensive drug - 8).  

Discussion
Different studies have been carried out to assess risk 

factors in certain populations or regions.  For example, a 
previous study found that increased BMI is the main risk 
factor.(10)  Another study found that risk factors include gender, 
hypertension, body fat ratio, blood triglycerides, and fasting 
blood glucose.(11) In this study, the ages of patients ranged 
between 16 and 97 years.  Patients between 31-60 years had 
the highest prevalence of the disease. The results show no 
significant association between the disease and age (P=0.160). 
The prevalence of obesity  (BMI >30 kg/m2)  among all patients 
(sample) was higher (68.75%) than the other BMI groups, and 
these patients had the highest prevalence (61.9%) of NAFLD; 
however, there was no significant association (P=0.145). The 
study found that taking medications for a long time and T2D 
were the main factors affecting NAFLD  (P<0.001). 

Previously, it was shown that some long-term 
medications induce fatty liver. These medications include 
corticosteroids, antidepressants and the antipsychotic 
medications tamoxifen, amiodarone, and methotrexate.(12) In 
this study, long-term medications included oral antidiabetic 
medications, HRT for hyperthyroidism, and antihypertensive 

drugs. This study also showed the relationship between 
long-term medications and NAFLD. T2D is usually present 
together with NAFLD(13) which was also confirmed by this 
study. Lipidemia was not associated with NAFLD, apparently 
due to insufficient samples in this study. 

One of the clinical and sonographic manifestations 
of fatty liver is hepatomegaly. With US, hepatomegaly is 
assessed by measuring LS. LS differs according to region 
and population. According to a study conducted in Saudi 
Arabia, the LS was 12.5 cm among males and 11.9 cm among 
females.(14) In this study, 13 cm was the cutoff point,(15) used as 
an upper limit for normal LS. The study showed a significant 
association between fatty liver and hepatomegaly (P<0.001). 

Conclusion
The prevalence of NAFLD increases significantly among 

patients taking medications for a long time (oral antidiabetic 
medications, HRT for hyperthyroidism, and antihypertensive 
drug) and T2D patients. NAFLD is discovered suddenly, and 
in this regard, a periodic US examination is helpful because 
it can reveal fatty infiltration of the liver in the early stages to 
avoid fatal complications, especially for patients with long-
term medication or T2D. Hepatomegaly is one of the most 
common physical examination findings of NAFLD. Other 
studies with larger sample sizes and different known risk 
factors are needed to discover all risk factors for the KSA 
population.  
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Abstract
Background: Detection and quantification of liver iron overload are significant to initiate treatment and monitoring of iron 

overload. This study aimed to quantify liver iron deposits in β-thalassemia major patients using MRI T2* and its correlation with 
age and heart iron deposition. 

Methods and Results: This retrospective study included 54 records of patients between 5-16 years of age with hepatic iron 
deposition due to β-thalassemia major. Data were collected from MRI reports in Picture Archiving and Communication Systems-
Radiology Information System (PACS-RIS) and serum ferritin (SF) test results obtained from Hospital Information Systems and 
written into a dedicated datasheet. The information was recorded on a data collection sheet. The datasheet included all the required 
data, demographic data, lab results, T2* mapping for iron deposition in the liver and heart, and liver measurements.  

All subjects had high SF (from 1120 to 9850 ng/ml) with an average of 4317.93±2779.9 ng/ml. Age and SF correlated 
positively (r=0.368, P=0.0006). A negative correlation was observed between SF and liver T2* (r=-0578, P=0.000), whereas 
between liver T2* and heart T2* correlation had a positive direction (r=0.329, P=0.015)

Conclusion: MRI provides accurate, non-invasive, valid, and repeatable techniques, which are more acceptable to patients 
for assessing iron load. Furthermore, MRI T2* methods measure iron overload within the target organ precisely.(International 
Journal of Biomedicine. 2023;13(3):105-109.)
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Introduction
Hemochromatosis is a metabolic disorder that causes 

excess iron deposition, which leads to iron accumulation in the 
body’s organs, especially in the liver, heart, and pancreas, causing 
dysfunction or severe health complications.(1) Hemochromatosis 
was first described in 1865 by the French physician Armand 

Trousseau as “bronze diabetes.”(2) The hereditary nature of 
hemochromatosis was demonstrated by Marcel Simon and 
colleagues in the 1970’s.(3) Secondary hemochromatosis is the 
result of another disease or condition that creates iron overload.

Hereditary hemochromatosis (HH) is an autosomal 
recessive disease caused by mutations in the “high iron Fe”(HFE) 
gene. Two of the 37 allelic variants of HFE described to date 
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(C282Y and H63D) are significantly correlated with HH.(4) 

Homozygosity for the C282Y mutation was found in 52–100% 
of previous studies on clinically diagnosed probands.(5) Today, 
approximately 0.4% of Caucasians carry a homozygous(6,7) and 
approximately 6% a heterozygous HFE C282Y mutation.(7) The 
C282Y mutation causes excessive systemic iron accumulation.
(8,9) Normal iron absorption happens in the proximal small 
intestine, 1–2 mg daily. However, this absorption rate may 
increase to 4–5 mg daily with progressive accumulation of 
15–40 g of iron in patients with hereditary hemochromatosis. 
Despite this high prevalence, the mutation causes a clinically 
relevant phenotype only in a minority of cases.(10) HH is 
observed mostly in people of northern European origin, with 
a prevalence of approximately 1 per 220–250 persons, while 
it is less prevalent in patients of African descent.(6,11-12) Some 
rare forms of HH are increasingly found in patients clinically 
characterized as HH and negative for C282Y homozygosity in 
HFE.(13) They present with phenotypically proven hepatic iron 
overload with no other explanation. These forms are distributed 
in Asian populations, where they may represent the main non-
hematological cause of hereditary iron overload.(14-16)

Secondary hemochromatosis is mostly related to 
multiple red blood cell transfusions in patients with red blood 
cell disorders involving β-thalassemia major, myelodysplastic 
syndromes, aplastic anemia, and sickle cell disease.(17) Our study 
focused attention on thalassemia. β-thalassemia syndromes 
are the most common inherited hemoglobinopathies caused 
by a genetic deficiency in beta-globin. Although regular blood 
transfusion has increased the survival rate among thalassemia 
patients, treatment of the disease itself could lead to a chain 
of syndromes, such as iron deposits, that lead to organ 
dysfunction, which sometimes may cause death.(18)

The liver is one of the main sources of iron storage.  
Therefore, the detection of liver iron overload initiates treatment 
and prevents complications. A liver biopsy has been a standard 
reference for detecting and quantifying liver iron content. Still, 
its invasive nature limits its implementation, and its accuracy is 
greatly affected by hepatic inflammation, fibrosis, and uneven 
iron distribution. Also, serum ferritin (SF) has been used as a 
surrogate marker, but it is not reliable because its level may 
be affected by inflammation, vitamin C deficiency, oxidative 
stress, hepatic dysfunction, or malignancy.(19)

Alternatively, the MRI T2* technique is a valid, non-
invasive, and reproducible method for evaluating tissue iron 
loading and, therefore, more acceptable to patients.  It measures 
iron load within the objective organ by measuring the effect 
of local distortion of magnetic fields caused by excess iron in 
tissues. Iron concentrations are based on measurements of proton 
transverse magnetization decay rates, relaxometry (R2 or R2*), 
as great signal decay rates indicate great iron absorption.(20,21)

In 2005, Wood et al.(21) measured the R2* from a single, 
mild hepatic segment by drawing ROI boundaries of the liver, 
and excluding hilar vessels from obtaining an R2* map by using 
the gradient-recalled-multi-echo (GRE MR) imaging technique 
with a single breath-hold for each echo GRE sequence.

In 2019 Sobhani et al.(19) assessed the role of multi-
echo T2*-weighted image (T2*WI) in MRI quantification of 
hepatic iron deposition in patients with β-thalassemia major.  

They explained that patients with high SF are likelier to have 
higher liver or cardiac iron load. 

Thalassemia is an inherited disease that causes many 
complications, and the treatment of the disease itself could 
lead to a chain of syndromes, which sometimes may cause 
death. Despite this, there is a shortage of regional studies to 
establish regional references.

This study aimed to quantify liver iron deposits in 
β-thalassemia major patients using MRI T2* and its correlation 
with age and heart iron deposition. 

Materials and Methods
The study included 54 records of patients between 5-16 

years of age with hepatic iron deposition due to β-thalassemia 
major. Patients diagnosed with another hemochromatosis type 
or MRI contraindicated for him were excluded.  The study was 
carried out at the Medina Maternity and Children Hospital in 
Al Medina Almonawara from Dec 2021 to May, 2022.  

Study design, data collection, and analysis
In this descriptive and retrospective study, patients 

underwent MRI with a 1.5-T machine (GE, Healthcare) using 
a body coil or cardiac coil, respiratory triggering or navigators, 
and peripheral gating.  All patients received frequent blood 
transfusions and chelation therapy (Deferasirox), a dose of 
approximately 750-1500 mg per day, through 170 days. The 
demographic data were extracted from patients’ documents. 
Patients underwent liver and cardiac MRIs.

Data were collected from MRI reports in Picture 
Archiving and Communication Systems-Radiology Information 
System (PACS-RIS) and SF test results obtained from Hospital 
Information Systems and written into a dedicated datasheet. 
The information was recorded on a data collection sheet. 
The datasheet included all the required data, demographic 
data, lab results, T2* mapping for iron deposition, and liver 
measurements.  

Statistical analysis was performed using the statistical 
software package SPSS version 23.0 (SPSS Inc, Armonk, 
NY: IBM Corp). Baseline characteristics were summarized as 
frequencies and percentages for categorical variables. Minimum, 
maximum, and mean±SD were used for summarizing the data. 
A scatterplot was used to show the relationship between two 
quantitative variables measured for the same individuals. 
Pearson’s Correlation Coefficient (r) was used to determine 
the strength of the relationship between the two continuous 
variables. A probability value of P<0.05 was considered 
statistically significant.

Ethical approvals were obtained from the The 
institutional review board (IRB) at King Salman bin Abdulaziz 
Medical City (IRB number: 040-22).

Results
Of the 54 pediatric β-thalassemia major patients between 

5 and 16 years of age, the largest group was the 9-12 years, 
representing 48.1% (Table 1). All subjects had high SF (from 
1120 to 9850 ng/ml) with an average of 4317.93± 2779.9 ng/ml 
(Table 2). Age and SF correlated positively (r=0.368, P=0.0006) 
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(Table 3). There was a significant positive correlation between 
age and liver size (r=0.303, P=0.026) (Table 3).  No correlation 
was found between liver T2* and age (P=0.662) (Table 3). A 
negative correlation was observed between SF and liver T2* 
(r=-0578, P=0.000) (Table 3, Figure 1), whereas between liver 
T2* and heart T2* correlation had a positive direction  (r=0.329, 
P=0.015) (Table 3, Figure 2).

Discussion
Iron overload in β-thalassemia major patients occurs 

because the rate of iron entering the body is considerably 
greater than the rate of clearance, leading to excess iron 
discharge into the blood. The body has no mechanism for 
eliminating excess iron, so it is collected and stored in 
crystalline form within ferritin and hemosiderin. This study’s 
primary objective was quantifying hepatic iron deposition 
in patients with β-thalassemia by multi-echo T2* weighted 
sequence through the relaxometry method where short Time 
to Echo (TE) (0.9 - 11 ms) was used with a breath-hold. Then 
MRI images were transferred to a post-processing program 
(GE Cardiac VX) for MRI analytical software. The region 
of interest (ROI) of about 1-2cm or more was placed in the 
greater part of the liver parenchyma to measure the signal 
intensity for each TE.  

This study, conducted on β-thalassemia major patients 
of a range of ages from 5 to16 years, has presented various 
results for iron overload (mild, moderate, severe). This study 
followed the method of Wood et al.,(21) which used a multi-
echo T2*-weighted sequence with short TEs and a breath-hold 
for hepatic iron quantification. While short TE is considered 
key to detecting iron concentration, especially in defining 
severe iron overload in the liver;(22) also, a long TE makes 
respiratory motion artifacts appear in images.(23)  

Our study showed a moderate positive correlation 
between age and SF (Table 3). This explains that as age 
increases, blood transfusions increase and thus lead to 
increased iron deposits.  On the contrary, Bandyopadhyay 
et al.(23) performed a similar study which demonstrated that 
patients at a younger age had more elevated ferritin levels, 
which illustrates that these differences were due to improper 
chelation regimens or that the patients had not obtained 
chelation treatment. Furthermore, they observed no significant 
correlation between the age and liver T2*, similar to our study 
findings. This explains the heterogeneous distribution of 
depository iron.

A moderate negative correlation (r=-0.578) was 
observed between SF level and liver T2*, like Azarkeivan et 
al.,(24) S Kaban & Ç Damar,(25) and El Sherif et al.(26) This result 
shows that patients with high SF are more likely to have a 

Table 1.
The age groups of the patients

Age group N Percentage (%)
5 – 8 yrs. 13 24.1
9 – 12 yrs. 26 48.1
13-16 yrs. 15 27.8

              Total 54 100

Table 2. 
Testing parameters               

Mean Maximum Minimum Variance SD

Age  2.04 3.00 1.00 0.53 0.73

Weight, kg 30.82 56.00 13.00 94.34 9.71

Ferritin, ng/ml 4317.93 9850.00 1120.00 7728225.88 2779.9

T2* liver  2.49 8.00 0.30 3.83 1.96

T2*heart  24.05 45.70 4.00 131.13 11.45

Liver size, cm 16.74           20.50                  12.11                    5.86                        2.42

Table 3. 
Pearson correlations between the variables of the study.

               Correlations SF Liver size T2* liver

Age
Pearson Correlation 0.368 0.303  - 0.069

P-value 0.006 0.026  0.622

SF
Pearson Correlation  -0.578

P-value  0.000

T2* heart
Pearson Correlation  0.329

P-value   0.015

            

Fig. 1. Scatter plot with a fit line of SF with T2* liver.

Fig. 2. Scatter plot with a fit line of T2* heart with T2* liver.  
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higher liver iron load. A high SF level in the blood may be 
evidence of iron loading within the body in general; however, 
the excess iron load distribution among the various organs 
occurs randomly in the body. Variations in the concentration 
of iron may usually be related to the chelation protocol.(27) 
Ferritin level decreases by a factor of 820.39 when liver T2* 
increases by 1. Heart T2* value increases by a factor of 1.9281 
when liver T2* increases by 1.  

In our study, there is a positive correlation (r=0.329, 
P=0.015) between liver T2* and heart T2*, while most 
previous studies, like Kolnagou et al.,(28) showed no correlation 
between heart T2* and liver T2*. In contrast, El Sherif et al.(26) 
demonstrated a moderate negative correlation between hepatic 
and cardiac iron deposition.  

The variations in results may be because of distinctions 
in clinical data, genetic and study population, sample size, 
SF levels, chelation protocols, and iron deposits in different 
organs. 

Conclusion
Our results indicate negative correlations between iron 

concentration measurement by liver T2* and SF. There is no 
significant correlation between age and iron concentration in 
liver T2*, despite the notable correlation between the age and 
SF test, illustrating that as age increases, the blood transfusions 
increase, thus leading to increased iron deposits in the body. 
The study showed that the iron deposition in the liver is 
considered an indication of iron deposition in other organs, 
like the heart, as the study’s hypothesis stated. MRI provides 
accurate, non-invasive, valid, and repeatable techniques, 
which are more acceptable to patients for assessing iron load. 
Furthermore, MRI T2* methods measure iron overload within 
the target organ precisely.  Monitoring and follow-up of iron 
overload using MRI T2* for all hemochromatosis patients 
is helpful for early detection of any potential complication. 
Conducting the study on large sample size and other organs is 
recommended.
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Abstract 
Background: Nonvariceal upper gastrointestinal bleeding (NVUGIB) is one of the most common medical emergencies 

and often represents a life-threatening event. The aim of this study is to find potential predictive factors associated with 30-day 
mortality in patients with NVUGIB.

Methods and Results: Our prospective study was conducted in Mother Teresa Hospital between May 2022 and December 
2022. A total of 224 patients (aged >18 years) with NVUGIB were included in the study. Demographical and clinical characteristics, 
endoscopic findings, and laboratory tests were reviewed during a 30-day follow-up period. Logistic regression was employed to 
identify the independent predictors of mortality.

The mean age of the 224 patients enrolled in the study was 63.21±16.3 years and most patients (72.8%) were male. One 
hundred fifty (66.9%) patients had comorbidities. The most common endoscopic diagnoses underlying NVUGIB episodes were 
duodenal ulcers (53.1%). Recurrent bleeding was recorded in 50(22.3%) patients. Out of 224 patients included in the study, 
24(10.7%) died within 30 days of admission, 20(8.9%) died during hospitalization, and 4(1.8%) died after discharge. The mean 
age of death was 76.42±12.59 years; 95.8% of deaths were associated with one or more major comorbidities. In the multivariate 
logistic regression, after the exclusion of confounding factors, low red blood cell (RBC) (P=0.043, OR=0.413, CI 95%: 0.176-
0.974), warfarin (P=0.036, OR=10.547, CI 95%: 1.165-95.462), and Rockall score (RS) >5 (P=0.034, OR=4.107, CI 95%: 1.114-
15.139) were found to be independent predictive factors for mortality.

Conclusion: The 30-day mortality rate remained high after NVUGIB, especially during hospitalization. Low RBC, 
warfarin, and RS>5 were independent factors of mortality in patients with NVUGIB.(International Journal of Biomedicine. 
2023;13(3):110-116.)
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Introduction
Nonvariceal upper gastrointestinal bleeding (NVUGIB) is 

a common medical condition that results in significant morbidity, 
mortality, and cost of medical care.(1,2) Mortality rates reported 
for NVUGIB range from 2% to 13.2% and vary in different 
countries.(3) Despite advances in endoscopic treatments and the 
decrease in the incidence of H. pylori, mortality remains high, and 

it might be due to increasing age, comorbidities, and health care 
systems, which confound the effects of therapy improvements.
(3,4) Multiorgan failure, cardiopulmonary conditions, and terminal 
malignancies are the most common causes in these patients.
(5,6) Comorbidities, hypotension, tachycardia, low hemoglobin, 
endoscopic findings, and administration of anticoagulants and 
nonsteroidal anti-inflammatory drugs are seen as risk factors for 
mortality in NVUGIB.(5-10) 
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The aim of this study is to find potential predictive 
factors associated with 30-day mortality in patients with 
NVUGIB.

Materials and Methods
Our prospective study was conducted in Mother Teresa 

Hospital between May 2022 and December 2022. A total of 
224 patients (aged >18 years) with NVUGIB were included 
in the study. Exclusion criteria were patients who did not 
undergo endoscopy, patients with variceal bleeding, and 
patients who have not been followed up to one month after 
hospitalization. All participants provided written informed 
consent.  

The study data were obtained from the anamnesis, 
physical examination, and clinical records of the patients. The 
following information was documented prospectively: Patient 
data (age, gender, date of admission); History data (presentation 
of symptoms, previous history of gastrointestinal bleeding 
or peptic ulcer disease); Social history (current smoking 
status, alcohol consumption); Physical examination 
findings (nasogastric lavage, rectal examination and 
initial hemodynamic status); Initial laboratory data 
(complete blood count, urinalysis, creatinine, platelet 
count and prothrombin time, transaminases, total bilirubin, 
electrolytes); Comorbidities, including hypertension, diabetes 
mellitus, cardiovascular diseases, cerebrovascular disease, 
heart failure, atrial fibrillation, liver cirrhosis (determined 
by clinical, laboratory and radiological data, without 
biopsy), malignancies; Medications (antiplatelet agents, 
vitamin K antagonists, NSAIDs, steroids, protein pump 
inhibitors); Endoscopic findings: the identification of the 
bleeding lesion, stigmata of recent hemorrhage at ulcer base 
according to the Forrest classification(7) (active bleeding, 
visible vessel, or adherent clots were classified as “high risk,” 
whereas flat spot and clean based ulcer as “low risk”).

 Proton pump inhibitors were administered intravenously 
to all patients. Each patient’s bleeding risk was assessed by 
the Rockall score (RS) and Glasgow-Blatchford score (GBS) 
systems.

The endoscopic hemostatic technique used, as well 
as the presence of rebleeding, the need for surgery, and for 
hospital stay, were also described. Patients were followed 
by daily visits during hospitalization or until discharge 
or death. Hemodynamically unstable patients received 
intravenous crystalloid solutions and blood according to 
individual requirements. All endoscopic procedures were 
performed in the endoscopy unit by a gastroenterologist of the 
Gastroenterology Service.  

Outcomes 
The outcomes evaluated were the frequency of death, 

rebleeding, and need for surgery. Such outcomes were 
monitored from the admission to the hospital or the onset 
of bleeding for in-hospital patients up to 30 days after the 
endoscopic examination. The primary outcome was mortality 
within 30 days of admission. Patients were advised to return 
for examination at 4 and 12 weeks after discharge.

i) Mortality within 30 days:

- Intrahospital: deaths occurring in hospital after 
diagnosis and treatment of bleeding.

- After discharge: deaths occurring after discharge from 
the hospital, diagnosis, and treatment of the bleeding.

ii) Recurrence of bleeding within 30 days:
- Recurrence of bleeding was defined as the onset of new 

hematemesis or hematochezia with hypovolemic shock or a 
greater than 2 g/dL drop in hemoglobin levels after a 24-hour 
period with stable vital signs within 30 days of admission. All 
bleeding episodes were confirmed by endoscopy.

iii) Unidentified cause of hemorrhage: the presence of 
blood in the stomach without finding a cause.

To ensure the completeness of 30-day follow-up 
information, patients were contacted by phone.

Statistical analysis was performed using the statistical 
software package SPSS version 25.0 (SPSS Inc, Armonk, 
NY: IBM Corp). Baseline characteristics were summarized as 
frequencies and percentages for categorical variables and as 
mean (M) ± standard deviation (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 chi-
square test. A probability value of P<0.05 was considered 
statistically significant. All variables were subject to univariate 
logistic regression, and odds ratios (ORs) were calculated 
between non-survived and survived groups, with a 95% 
confidence interval (CI). Variables were included in binary 
logistic regression if the corresponding P-value was less than 
0.05. Binary logistic regression analysis was used to develop 
a multivariate model to determine the risk factors of death 
among critically ill patients.

Results
Patient characteristics are reported in Table 1. The mean 

age of the 224 patients enrolled in the study was 63.21±16.3 
years and most patients (72.8%) were male. On admission, 
the most common symptom was melena (96.5%), followed 
by hematemesis (47.8%) and hematochezia (1.7%). One 
hundred fifty (66.9%) patients had comorbidities, the most 
common being hypertension (n=122), followed by atrial 
fibrillation (n=34), heart failure (n=32), and diabetes mellitus 
(n=32). One hundred forty-nine (66.5%) patients were 
taking medications, including aspirin - 68(30.4%), NSAIDs 
- 21(9.3%), clopidogrel - 11(4.9%), vitamin K antagonists 
- 8(3.6%), and rivaroxaban (Xarelto) - 15(6.7%). A total of 
26(11.6%) patients were referred for previous history of 
gastrointestinal bleeding, of which 7 had undergone surgical 
intervention. Smoking and alcohol use were observed only 
in men, among whom 69(30.8%) patients were smokers, and 
67(29.9%) were alcohol users until the day of hospitalization. 
Fifty-three patients presented with tachycardia (heart rate > 
100 bpm) and 41 with hypotension (systolic blood pressure < 
90 mmHg) (Table 2). 

The mean serum level of hemoglobin upon admission 
was 8.5 g/dL. All patients underwent digital-rectal examination 
with patient approval, resulting in 187(83.5%) patients with 
melena, 7(3.1%) with hematochezia. A nasogastric tube was 
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performed on 90 patients, of whom 58 patients were positive. 
The mean number of units of packed RBCs transfused was 
2.23±1.73. The mean total RS was 2.64±1.77, and 72(32.1%) 
patients had a score ≥5, indicating a high risk of mortality. The 
mean GBS was 11.75±2.06.

In our study (Table 3), 142 endoscopies were performed 
within 12h, 45 within 12 to 24h, 22 within 24 to 48h, and 15 
over 48h. The most common endoscopic diagnoses underlying 
NVUGIB episodes were duodenal ulcers (53.1%), followed 
by gastric ulcers (19.2%), erosive gastritis (7.1%), and 
esophageal ulcers (5.8%). Of 224 patients, 80.5% were high-
risk stigmata (Forrest 1 - 38.4%, Forrest 2A - 18.3%, Forrest 
2B - 23.8%) and 70(31.3%) underwent endoscopic treatment.

Clinical outcomes
Recurrent bleeding was recorded in 50(22.3%) patients, 

whereas emergency surgery was deemed necessary in only 

10 cases. Forty-seven cases were in the first week. The mean 
hospital stay was 7.7±3.4 days. Of the 224 patients included 
in the study, 24(10.7%) died within one month of admission, 
whereas 20(8.9%) died during hospitalization, and 4(1.8%) 
died after discharge from the hospital. Among patients who 
died within 30 days, 17 died during the first 7 days. The mean 
age of death was 76.42±12.59 years; 95.8% of deaths were 
associated with one or more major comorbidities. Of all the 
patients, 14 underwent surgery. 

Predictive factors for 30-day mortality in NVUGIB

In the univariate analysis, significant risk factors for 
30-day mortality were age (P=0.000), tachycardia (P=0.002), 
hypertension (P=0.039), chronic kidney disease  (P=0.025), 
heart failure (P=0.037), diabetes mellitus (P=0.033), 
malignancies (P=0.004), low RBC (P=0.040), leukocytosis  
(P=0.021), increased urea (P=0.001), aspirin (P=0.031), 
warfarin (P=0.015), hospital stay (P=0.000), RS≥5 (P=0.000), 
and GBS>12 (P=0.010) (Table 4). 

Low RBC (P=0.043 OR=0.413, CI 95%: 0.176-0.974), 
warfarin (P=0.036, OR= 10.547, CI 95%: 1.165-95.462), and 
RS>5 (P=0.034, OR=4.107, CI 95%: 1.114-15.139) were 
found to be independent predictive factors for mortality in the 
multivariate logistic regression (Table 5). 

Factor Value
[n (%), M±SD]

Male sex 163 (72.8)

Age, year 63.21±16.3

 Hematemesis 117 (47.8)

 Melena 216 (96.5)

 Hematochezia 4 (1.78)

Heavy alcoholics 72 (39.1)

Current smokers 68 (37.0)

History of GIB 26 (11.6)

Comorbidities                                                150 (66.9)

 Hypertension 122 (54.4)

    Atrial fibrillation 34 (15.1)

 Diabetes mellitus 32 (14.2)

 Liver cirrhosis 2 (0.89)

 Chronic kidney disease 13 (5.8)

 Cerebrovascular disease 9 (4.0)

 Heart failure 32 (14.2)

 Cardiovascular disease 10(4.5)

 Metastatic malignancy 8 (3.6)

Use of medication 149 (66.5)

 Antiplatelet agents 79 (35.2)

 NSAIDs 21 (9.3)

 Vitamin K antagonist 8 (3.6)

  Rivaroxaban (Xarelto) 15 (6.7)

Table 1. 
Characteristics of the NVUGIB patients (n₌224)

Factor Value
[n (%), M±SD]

Initial vital sign

BP, mmHg 108.67±16.8

Heart rate, bpm 90.02±15.3

Hypotension (SBP < 90 mmHg) 41 (18.3)

Tachycardia (heart rate > 100 bpm 53 (23.7)

Initial laboratory data

Hemoglobin, g/dL 8.97±2.95

RBC × 106/L 3.07±1.03

WBC, K/uL 11.5±6.2

Platelets, K/uL 258±133.9

Blood nitrogen urea, mg/dL 77.5±45.2

Prothrombin time (PT), sec 76.5± 23.5

INR 1.71±2.23

Positive nasogastric tube aspiration 58/90 (64.4)

Melena 187/224 (83.5)

Hematochezia 7/224 (3.1)

Mean transfusion requirement, no. of unit 2.23±1.73

GBS 11.75±2.06

RS 2.64±1.77

Table 2. 
Clinical and laboratory data of the patients, at admission (n=224)
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Factor Value  [n (%)]
Urgent endoscopy(<12h) 142 (63.4)
Endoscopy findings
Duodenal ulcer 119 (53.1)
Gastric ulcer 43 (19.2)
Erosive gastritis 16 (7.1)
Esophageal ulcer 13 (5.8)
Neoplasia 16 (7.1)
Mallory-Weiss syndrome 5 (2.2)
Angiodysplasia 1 (0.4)
Dieulafoy’s lesion 2 (0.8)
No evidence of upper GIB 3 (1.3)

Table 3. 
Endoscopic features and clinical outcomes of patients with NVUGIB 
(n = 224)

Factor

Univariate analysis
30-Day death (+)

(n = 24)
30-Day death 
(–) (n = 200) P-value OR (95% CI)

Age, yrs. 76.42±12.59 61.63±16.09 0.000  1.093 (1.046 -1.142)                 
 Hematemesis 13 (54.2) 94 (47.0) 0.508 1.333 (0.570-3.117)
 Melena 23 (95.8) 193 (96.5) 0.868 0.834 (0.098-7.086)
 Alcohol 5 (20.8) 62 (31.0) 0.309 0.586 (0.209-1.640)
Current smoker 10 (41.7) 59 (29.5) 0.226 1.707 (0.718-4.060)
History of GIB 1 (4.1) 25 (12.5) 0.081 0.164 (0.021-1.246)
Comorbidities
 Hypertension 18 (75.0) 104 (52.0) 0.039 2.769 (1.055-7.266)
    Atrial fibrillation 6 (25.0) 28 (14.0) 0.163 2.048 (0.748-5.603)
 Diabetes mellitus 7 (29.2) 25 (12.5) 0.033 2.882 (1.087-7.641)
 Chronic kidney disease 4 (16.7) 3 (1.5) 0.025 4.244 (1.198-15.033)
 Cerebrovascular disease 3 (12.5) 6 (3.0) 0.318 1.593 (0.639-3.975)
 Heart failure 7 (29.1) 25 (12.5) 0.037 2.076 (1.053-7.432)
 Cardiovascular disease 2 (8.3) 8 (4.0) 0.099 1.468 (0.930-2.317)
 Metastatic malignancy 4 (16.7) 4 (2.0) 0.004 2.355 (1.320-4.202)
Aspirin 12 (5.0) 56 (28.0) 0.031 2.571 (1.091-6.062)
Warfarin 3 (12.5) 4 (2.0) 0.015 7.000 (1.466-33.416)
Hypotension (SBP < 90 mmHg) 7 (29.2) 34 (17.0) 0.152 2.010 (0.774-5.221)
Tachycardia (HR >100 bpm) 12 (50.0) 41 (20.5) 0.002 3.878 (1.624-9.263)
Hemoglobin, g/dL 7.66 ±2.39                  8.65±2.81                    0.102 0.868 (0.733-1.028)
RBC × 106/L 2.67± 0.84                    3.12±1.05   0.040 0.599 (0.368-0.978)
WBC, K/uL 11.7±6.8 10.4±5.8 0.021 1.065 (1.009-1.123)
Platelets, K/uL 279.0±115.47          255.47±136.0              0.417 1.001 (0.998-1.004)
BNU, mg/dL 108.88±58.43           73.75±42.05               0.001 1.014 (1.006-1.022)
Prothrombin time (PT), sec 61.35±29.40             78.11±22.27              0.004 0.977 (0.961-0.992)
Positive nasogastric tube 9 (37.5) 81 (4.1) 0.387 2.059 (0.401-10.560)
Positive rectal examination 21 (91.7) 166 (86.0) 0.124 0.479 (0.188-1.223)

Transfusion requirement, no. of unit 2.29±2.18                                       2.22±1.68                 0.848 1.024 (0.804-1.304)

Factor Value  [n (%)]
Forrest classification
 I 63/164 (38.4)
 IIa 30/164 (18.3)
 IIb 39/164 (23.8)
 IIc 19/164 (11.5)
    III 13/164 (8.0)
Outcomes
Rebleeding 50 (22.3)
Death 24 (10.7)
During hospitalization 20 (8.9)
Hospital stay, day 7.7±3.4

Table 3 (continued). 
Endoscopic features and clinical outcomes of patients with NVUGIB 
(n = 224)

Table 4. 
Univariate analysis of clinical variables for mortality in patients with NVUGIB.
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Discussion
NVUGIB is one of the most common medical 

emergencies and often represents a life-threatening event. The 
results of this study have differences from and similarities to 
other studies. Acute NVUGIB remains a common medical 
problem associated with high morbidity, 30-day mortality, 
and healthcare costs.(1) The incidence of acute upper 
gastrointestinal bleeding in the Western world is 103 per 
100,000 adults annually, with a mortality of about 2%-10%.(4)

Our study enrolled 224 patients with a mean age of 
63.21±16.3 years. Our patients were younger than those in 
Greek (66±15),(11) Italian (68±16),(12) and Canadian (66±17)(13) 

studies and older than in the Turkish study (57.75±18.85).(13) 
Male patients accounted for 72.8% of participants—the same 
model as in Western studies.

In our study, 66.9% of patients had comorbidities, the 
most common of which were hypertension (122[54.4%]), 
followed by atrial fibrillation (34[15.1%]), diabetes mellitus 
(32[14.2%]), and heart failure (32[14.2%]). The same results 
have been seen in different studies. 

As for the use of medications, in our study, the prevalence 
of aspirin use was 30.3%, 9.8% for vitamin K antagonists, 
9.3% for NSAIDs, 6.6% for rivaroxaban (Xarelto), and 4.9% 
for clopidogrel. Compared to other studies,(12-14) it turned out 
that we had a higher use of aspirin and lower of NSAIDs.

At admission, the most frequent clinical presentation 
was melena (96.5%), 47.8% with hematemesis, and 1.7% 
with hematochezia. In our study, there was no significant 
correlation with mortality, while in the Turkish study,(14) 
hematemesis was one of the predictors of patient management 
and clinical outcomes of NVUGIB.

The most frequent source of bleeding was peptic ulcers, 
among which duodenal ulcers (53.1%) prevailed, followed 
by gastric ulcers (19.2%) and erosive gastritis (7.1%). The 
frequency was similar to that of previous studies conducted at 
the Gastrohepatology Department in Mother Teresa Hospital 
in 2015(15) and 2019.(16) Compared to Western studies (13,17) we 
had a higher percentage of peptic ulcers, similar to the Turkish 
study.(14) This result is due to the lack of investigation and the 
failure to eradicate H. pylori, knowing that its eradication has 
been associated with a decrease of peptic ulcers.

Also, there was a high percentage of high-risk stigmata 
lesions (Forrest 1 - 38.4%, Forrest 2A - 18.3%, Forrest 2B 
- 23.8%, and Forrest 3 - 8.0%), unlike in Western studies.
(12-14) This may be for several reasons, including low socio-
economic conditions and patient negligence. Also, the study 

Factor

Univariate analysis
30-Day death
 (+) (n = 24)

30-Day death 
(–) (n = 200) P-value OR (95% CI)

GBS >12 17 (70.8) 84 (42.0) 0.010  3.354 (1.331-8.448)
RS >5 18 (75.0) 54 (27.0) 0.000 8.111 (3.059-21.509)
Urgent endoscopy(<12h) 15 (62.5) 127 (63.5) 0.893 0.895 (0.178-4.507)
Endoscopy findings
Peptic ulcer disease 18 (75.0) 144 (72) 0.853 1.103 (0.390-3.120)
Non-Peptic ulcer disease 5 (21.0) 41 (20.5) 0.830 1.133 (0.362-3.549)
Neoplasia 1 (4.1) 15 (7.5) 0.555 0.536 (0.068-4.250)
Forrest classification
 I 8 (33.3) 55 (27.5) 0.440 1.487 (0.543-4.067)
 IIA 2 (8.3) 28 (14.0) 0.369 0.497 (0.108-2.283)
 IIB 5 (20.8) 34 (17.0) 0.870 1.104 (0.338-3.605)
Rebleeding 7 (29.2) 43 (21.5) 0.397 1.503 (0.586-3.859)
Hospital stay, day 7.04 6.76 0.000 0.704 (0.579-0.856)

Table 4 (continued). 
Univariate analysis of clinical variables for mortality in patients with NVUGIB.

Table 5. 
Logistic Regression Model to determine the predictors of mortality.

     Factor P-value OR 95% CI
Lower         Upper

Age 0.066 1.053 0.997 1.113

RBC × 106/uL 0.043 0.413 0.176 0.974

WBC, K/uL 0.635 1.017 0.948 1.092

BUN, mg/dL 0.686 1.003 0.990 1.015

Heart rate > 100 bpm 0.223 2.134 0.631 7.220

Hypertension 0.472 0.591 0.141 2.479

Heart failure 0.798 0.831 0.201 3.438

Aspirin 0.066 3.519 0.920 13.467

Warfarin 0.036 10.547 1.165 95.462

GBS >12 0.592 0.655 0.139 3.079

RS>5 0.034 4.107 1.114 15.139

Hospital stay, day 0.056 0.700 0.566 0.864
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was conducted in a tertiary center, and the referral of active 
bleeding and severe cases is higher even from the regional 
hospitals.

Regarding the endoscopy time in our study, 63.4% were 
done within 12 hours, and 20.0% within 12-24 hours. This 
result was similar to the Korean study (65.8%) of Lee et al.(18) 
In other studies, most endoscopies are performed within 24 
hours.(12,13) In many studies and gastroenterology societies, 
endoscopy is not recommended within 12 hours because no 
change in the outcomes has been observed.(19-21) And in our 
study, no significant correlation was found between the time 
of endoscopy and mortality.

The recurrence of bleeding in our study was 22.3%, 
which was higher than in the Italian, Canadian, and Turkish 
studies (3.2%, 14.1%, and 9.0%, respectively).(12-14) All the 
episodes were during the hospitalization and mostly within 24 
hours. The high percentage is due to the limited endoscopic 
treatment procedures and the high rate of high-risk stigmata 
ulcerative lesions. Also, no significant correlation was found 
between rebleeding and mortality. In some other studies, 
rebleeding was considered an independent predictive factor 
for mortality.(11,22) The number of surgical interventions (10) 
was higher than in the Italian and Turkish studies (1.3% and 
2.6%, respectively). (12,14) This is due to the limited  endoscopic 
procedures.

Out of 224 patients included in the study, 24(10.7%) 
died within 30 days of admission, 20(8.9%) died during 
hospitalization, and 4(1.8%) died after discharge.

The mortality rate was higher than that in Western 
countries such as the USA and most of Europe, and similar to 
mortality in Denmark (10.5%-11%).(3) This may be because 
the study was done in a tertiary hospital center, where the 
patients’ conditions may be more severe and contribute to 
poor clinical outcomes and higher mortality rates. The higher 
mortality rate occurred in the first week (70.8%), and 29.2% 
had a recurrence of bleeding. These findings were similar 
to the findings of studies conducted in Italy.(12) The mean 
age of death was 76.42±12.59, the same as studies in Italy 
(76.6±14.0)(12) and Canada (72±12.6),(13) in which advanced 
age was also an independent predictive factor for mortality.  

Studies in the literature refer to comorbidities as 
independent risk factors not only for gastrointestinal bleeding 
but also for mortality.(23) They are also important factors in 
scoring systems for patient risk assessment.(24)

In our study, 95.8% of deaths were associated with one 
or more major comorbidities. The most frequent comorbidities 
were hypertension, atrial fibrillation, heart failure, chronic 
kidney disease, and malignancies. 

Also, many studies have identified many risk factors 
for mortality in NUVGIB, such as hypotension, tachycardia, 
advanced age, comorbidities, coagulopathy, low hemoglobin, 
anticoagulants, and antiplatelets.(23,25) Some of these risk 
factors have also been identified in our study. In the univariate 
analysis, significant risk factors for 30-day mortality were age 
(P=0.000), tachycardia (P=0.002), hypertension (P=0.039), 
chronic kidney disease  (P=0.025), heart failure (P=0.037), 
diabetes mellitus (P=0.033), malignancies (P=0.004), low 
RBC (P=0.040), leukocytosis  (P=0.021), increased urea 

(P=0.001), aspirin (P=0.031), warfarin (P=0.015), hospital 
stay (P=0.000), RS≥5 (P=0.000), and GBS>12 (P=0.010). 

In many studies, leukocytosis has been associated with 
a poor prognosis and mortality. It has been hypothesized 
that the reason leukocytosis could lead to mortality could 
be an infectious or inflammatory condition.(26) Regarding 
medications, aspirin and warfarin were found to be risk factors 
for mortality. Aspirin is thought to increase mortality due to 
the increased severity of ulcer and hemorrhagic lesions and 
antiplatelet effects.(8) Warfarin is known as a risk factor for 
mortality,(27) which we also found in our study; and it is thought 
that it may be due to its anticoagulant effects and irregular 
monitoring of PT and INR. In the Multivariate logistic 
regression, after the exclusion of confounding factors, low 
RBC (P=0.043, OR=0.413, CI 95%: 0.176-0.974), warfarin  
(P=0.036, OR=10.547, CI 95%: 1.165-95.462), and RS>5 
(P=0.034, OR=4.107, CI95%: 1.114-15.139) were found to 
be independent predictive factors for mortality. Similar results 
were observed in different studies.(12, 17,22) 

In our study, both RS and GBS scores were calculated 
for all the patients on the basis of clinical and endoscopic 
variables.(28) Thirty-day mortality rates tended to be higher in 
patients with a high RS>5 and GBS >12 in univariate analysis. 
Also, RS was identified as an independent predictor of 
mortality. It is important to identify these factors because they 
can be used before endoscopy to identify high-risk patients, 
for whom a high level of care is needed to prevent adverse 
outcomes.

Our study has some limitations: First, our study was 
realized in a short period and had a small sample size. This 
could lead to bias. Second, although H. pylori is the main cause 
of peptic ulcers and its eradication reduces the possibility of 
rebleeding, the patients were not tested.(29,30)

In conclusion, our study shows that the 30-day 
mortality rate remained high after NVUGIB, especially 
during hospitalization. Low RBC, warfarin, and RS>5 were 
independent factors of mortality in patients with NVUGIB. 
These findings show that high-risk patients should be carefully 
monitored to prevent adverse outcomes.
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Abstract
Background: Non-contact anterior cruciate ligament (ACL) injury is a common and debilitating injury among athletes, with 

high recurrence rates and long-term consequences. Identifying individuals at risk of ACL injury can help prevent or reduce the 
severity of these injuries. The present study aimed to assess the alpha angle in ACL rupture patients in both the injured (ipsilateral) 
and non-affected (contralateral) extremities, compared to a control group.

Methods and Results: This case-control study included 105 subjects (78.1% male and 21.9% female) aged between 15 and 45 
years of both sexes involved in sports. The case group consisted of 54 patients with sport-related, noncontact ACL ruptures identified 
by MRI. Fifty-one patients, 10(19.6%) of whom were female, with no ACL rupture, were included in the study as a control group. 
Hip radiographs were taken in all the subjects using the modified Dunn View with the patient in the supine position, hip flexed 45o 
and abducted 20o. OsiriX software was used to obtain the measurements. Most injuries were caused by football (58.1%), followed 
by jumping sports (23.8%) and skiing (18.1%). The mean alpha angle was 49.27 o (SD=4.93) for subjects without ACL rupture and 
54.84o (SD=6.17) for subjects with ACL rupture, and the difference was statistically significant (P<0.001). Results also showed a 
statistically significant difference in the alpha angle on the ipsilateral (54.84o [SD=6.17]) and contralateral (49.48o [SD=7.04]) hips of 
the case subjects (P<0.001). The logistic regression analysis indicated a statistically significant difference in alpha angle between the 
case and control groups and between hips of the same subject with an OR of 1.12 (P=0.041) and 1.2 (P=0.000), respectively.

Conclusion: Alterations in proximal femur morphology should be considered a potential risk factor for ACL injury, and 
alpha angle can be a significant predictor of ACL injury. We recommend that young athletes actively participating in sports have 
their hip alpha angle measured so those with higher alpha angle can follow special prevention programs.(International Journal 
of Biomedicine. 2023;13(3):117-122.)
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For citation: Musliu D, Shatri J, Bexheti S, Kafexholli A, Jashari R, Mahmuti A, Berisha L, Karakushi A, Kida Q. Investigating the 
Role of Proximal Femoral Morphology in Noncontact ACL Injuries: A Comparative Study. International Journal of Biomedicine. 
2023;13(3):117-122. doi:10.21103/Article13(3)_OA11

Abbreviations
ACL, anterior cruciate ligament; FAI, femoroacetabular impingement; NWI, notch width index.

Introduction
The anterior cruciate ligament (ACL) constitutes 

one of the major stabilizers of the knee joint, and it is the 
most injured ligament of this joint.(1) The injury consists of 

a rupture of the ligament, which usually happens at sports 
practitioners and, in most cases, is noncontact.(2) 

Various risk factors that predispose one to an ACL 
rupture have been described. Multiple studies have reported 
that sex (female gender is more predisposed to an ACL injury), 
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femoral intercondylar notch width (smaller dimensions), 
ACL volume, joint laxity, neuromuscular factors, and higher 
posterior slope of the tibial plateau are risk factors.(2,3)

Different studies indicate that certain individuals 
are more susceptible to experiencing an ACL rupture.(4,5) 
Moreover, those who have previously sustained such an 
injury still have a high risk for re-rupture. While there is a 
gender bias toward ACL injury, with females having up to an 
eight times higher risk of sustaining an injury, the number 
of males affected is higher, mainly due to their greater 
involvement in sports.(6)

Numerous studies have reported that abnormalities 
of the joints adjacent to the knee impact the knee and limb 
kinematics, thus raising the chances for an ACL rupture.(7,8)

In the proximal femur, these bony abnormalities have 
been found to mostly cause hip impingement. Depending 
on the cause, hip impingement can be of three types: cam, 
pincer, and mixed. The pincer type occurs when the bone 
abnormality is located in the acetabulum, whereas bony 
abnormalities in the femoral head produce the first type.(9)

In young and active patients, femoroacetabular 
impingement (FAI) has already been confirmed as a major 
risk for early osteoarthritis.(10) Furthermore, recent studies 
suggest a correlation between hip biomechanical alternations 
and knee injuries, with some reporting the relationship 
between these radiographic alternations and a higher risk of 
ACL injury.(11)

The present study aimed to assess the alpha angle 
in ACL rupture patients in both the injured (ipsilateral) 
and non-affected (contralateral) extremities, compared to 
a control group. According to our hypothesis, the affected 
side of the patients with an ACL tear will have a greater hip 
alpha angle than both the control group and the contralateral 
hip. We wish to go deeper into the relationship between 
ACL tears and hip morphology and offer insights that may 
have significant clinical implications and could help in the 
prevention regimens of ACL injuries. 

Materials and Methods
This case-control study included 105 subjects (78.1% 

male and 21.9% female) aged between 15 and 45 years of 
both sexes involved in sports. The case group consisted of 
54 patients with sport-related, noncontact ACL ruptures 
identified by MRI and verified arthroscopically by the same 
surgeon. Measurements taken from the same patient’s hips 
are regarded as dependent observations. Fifty-one patients, 
10 of whom were female, with no ACL rupture, were included 
in the study as a control group. Subjects in the control group 
were matched by age and by the side of the injured knee. 
Exclusion criteria for both groups were previous hip or knee 
surgery, previous fractures, developmental hip dysplasia, 
or other hip issues on either side. Patients were categorized 
according to the type of sport during the injury: football, 
skiing, basketball (while falling from a jump), volleyball, or 
handball.  

 A priori power analysis was conducted using G*Power 
v.3.1 (Universitat Düsseldorf, Germany) and determined that 

at least 51 subjects were required in each case and control 
group for 80% power based on an effect size of 0.5. 

For the dependent observations, a more robust study 
was desired. Therefore, we computed the effect size based on 
previous studies.(12) Using the G*Power v.3.1, our effect size 
was calculated at 0.45, and with 95% power, the total sample 
size was 54.

For the hip radiographs to be taken, informed consent 
had to be signed by each patient in the study. In hip X-rays, the 
alpha angle is assessed to determine the cam impingement. 
In the case group, the alpha angle was measured in both hips, 
and the injured side was matched with a hip radiograph in 
the control group. According to Smith et al.,(13) the modified 
Dunn View radiograph gives the most sensitive view for 
assessing the cam morphology by measuring the alpha angle. 
We took the modified Dunn View radiograph with the patient 
in the supine position, hip flexed 45o and abducted 20o.

We used OsiriX software to obtain the measurements. 
OsiriX’s oval and angle tool was employed to draw a precise 
circle around the femoral head. This instrument shows two 
lines that connect at the oval’s center, which makes it possible 
to measure angles precisely. The alpha angle was determined 
with the lines pointing away from the center of the femoral 
head, one through the anatomical axis of the femoral neck in 
the middle of its narrowest part and the other toward the point 
where the bone margin of the femoral head deviates from the 
circle.(2,13) This methodology ensured accurate and reliable 
measurement of the alpha angle for this study (Figure 1).

One orthopedic surgeon and one radiologist, blinded to 
the diagnosis of the injured side, evaluated the radiographs 
and measured the alpha angle. 

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). To assess 
the accuracy of the measurements, we used the intraclass 

Fig. 1. The alpha angle measurement on 
Dunn View hip X-ray, using the oval and 
angle instrument in OsiriX software.
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correlation coefficient (ICC). The two-sample t-test and 
paired t-test were used to compare data with normal 
distribution. The independent samples T-test was used to 
compare the alpha angle means between the case and control 
groups, whereas the dependent samples T-test was employed 
to compare the difference between two dependent means of 
alpha angle in the hips of case subjects. Group comparisons 
with respect to categorical variables are performed using 
chi-square test. Pearson’s correlation coefficient (r) was used 
to determine the strength of the relationship between the 
two continuous variables. Logistic regression analysis was 
used to determine the predictive ability of alpha angle on 
ACL injury. A probability value of P<0.05 was considered 
statistically significant.

Results
Most injuries were caused by football (58.1%), followed 

by jumping sports (23.8%) and skiing (18.1%). The mean age 
of all subjects was 27.2 years, with a minimum age of 15.0 
years and a maximum age of 45.0 years (Table 1).

To examine the relationship between alpha angle and 
ACL injury, we compared the alpha angle of the subjects with 
and without ACL rupture. Results supported our hypothesis 
that a higher alpha angle is associated with an increased risk of 
ACL injury. Specifically, we found that the mean alpha angle 
was 49.27o for subjects without ACL rupture and 54.84o for 

subjects with ACL rupture, and the difference was statistically 
significant (P<0.001) (Table 2).

Results also showed a statistically significant difference 
in a paired samples T-test for dependent observations, 
comparing the alpha angle on the ipsilateral and contralateral 
hips of the case subjects. (P<0.001) (Table 2).

This finding supports our hypothesis that changes in 
proximal femur morphology, such as higher alpha angle, are 
associated with an increased risk for an ACL rupture, even 
between the hips of the same subject. To further explore 
the relationship between alpha angle and ACL injury, we 
conducted a two-tailed Pearson correlation analysis at the 
0.001 level between the hip alpha angle and ACL injury 
of the case patients. Results showed a moderately strong 
relationship between the variables.

We conducted a logistic regression analysis to 
determine alpha angle’s predictive ability on ACL injury 
(Table 3). Results revealed an OR of 1.2 (P=0.000), with a 
B coefficient of 0.185, indicating that for every degree of 
increased alpha angle, there is a 20% increase in the risk of 
an ACL injury. 

Interestingly, odds ratio (OR) was positive even when 
we compared both hips of case subjects, albeit at a slightly 
lower rate (OR=1.12, P=0.041). These findings suggest that 
alpha angle is a significant predictor of ACL injury even 
between the extremities of the same patient.

To test for potential confounding factors, we conducted 
a Kruskal-Wallis test to examine the relationship between the 
mechanism of injury (football, skiing, jumping) and alpha 
angle. Results showed no significant differences between 
the mechanism of injury and alpha angle. Additionally, we 
tested for a correlation between age and alpha angle, but the 
results showed a negative correlation that was not statistically 
significant. In this regard, more data and research are needed 
to establish significant results.

ICC was calculated to assess the reliability of hip alpha 
angle measurements made by two observers for three groups:  
cases, controls, and contralateral hip of the case group. The 
ICC was calculated using a two-way random effects model 
and absolute agreement consistency. The ICC values for 
cases, controls, and contralateral hip of the case group were 
0.94 (95% CI = 0.90–0.96), 0.93 (95% CI = 0.88–0.96), 
and 0.98 (95% CI = 0.997–0.999), respectively, indicating 
excellent reliability. 

Case Control P-value

                  N 54 51

Age 15-45 (mean 23.5) 15-45 (mean 31.01) <0.001

Gender M/F 40/14 42/9 NS

Mechanism
Football 33

NS 
Jumping 12

Skiing 9

Table 1. 
Characteristics of subjects.

ACL Rupture Present N Mean SD SEM P-value

Alpha angle
measurements

statistics

Yes (Ipsilateral hip) 54 54.84 6.17 .84 n/a 

No (Control-Group) 51 49.27 4.93 .69 <0.001

No (Contralateral hip) 54 49.48 7.04 .95 <0.001

Table 2. 
Group statistics between case and control subjects regarding the 
alpha angle (o).

B S.E Wald Df Sig OR

Control subjects Alpha Angle .185 .045 17.067 1 .000 1.20

Contralateral hip Alpha angle .120 .059 4.162 1 .041 1.12

Table 3. 
Logistic Regression – Variables in the equation between case 
(ipsilateral/contralateral hip alpha angle) and control groups.
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Discussion
There are a few previous studies that have taken under 

consideration the relationship between alpha angle and ACL 
injury. Our data correspond with these findings. Lopes et al.(2) 

found that subjects with a noncontact ACL injury had a larger 
alpha angle in their ipsilateral hip. They also considered hip 
mobility and found that despite the increase in the alpha angle 
there was no evidence of decreased hip mobility. Higher 
alpha angle for the patients with an ACL injury, compared 
to those in the control group, was reported by Bagherifard 
et al.(14) But in their study, they reported that the ACL injury 
group also showed a decrease in the hip range of motion 
parameters of internal rotation, abduction, and adduction, as 
well as the sum of internal and external rotation, contrary 
to what Lopes et al.(2) reported. The study by VandenBerg et 
al.(15) also supports the idea that restricted hip rotation range 
of motion (ROM) is associated with an increased risk of ACL 
injury. These results suggest a correlation between cam and 
pincer FAI morphology and ACL injury, which correlates 
with our findings. Another study found that decreased hip 
flexion and internal rotation can create compensatory knee 
tensions, increasing the risk of ACL rupture. The changes in 
hip motion were associated with cam-type impingement or 
decreased femoral offset.(16)

Furthermore, the results of our study are consistent 
with those of Philippon et al.(12) that patients with ACL injury 
had greater hip alpha angle than those with non-ACL injury. 
Alpha angle larger than 60o is associated with a decreased 
hip ROM, particularly internal rotation, and an increased 
risk of ACL injury. This association was observed in males 
and females, but the odds were higher in males. Schaver 
et al.(17) reached similar conclusions, with an association 
between higher alpha angle and patients undergoing ACL 
reconstruction. They defined the cam morphology at an alpha 
angle >60o.

Contrary to these studies, which described a limitation 
of their own AP radiographs, we took the radiographs 
in Dunn View to measure the alpha angle, but the results 
seem similar.(12,14,17) Our study aimed not to define the cam 
morphology but to look at proximal femur morphology by 
investigating the differences between different degrees of 
alpha angle and the correlation with ACL injury. The mean 
alpha angle of 54.84o, as measured in our case subjects, 
stands between the values reported so far as a definition of 
cam impingement.(18)

There is an agreement among researchers that 
alterations in all joints, above and below the knee, play 
an important role in ACL injury.(12) There have been many 
reports regarding the distal femur anatomic landmarks and 
not only their potential impact on ACL injury. Such factors 
as the intercondylar notch being narrower and the β angle 
and lateral tibial plateau being larger were described by 
Shen et al.(19) as associated with a higher risk for ACL injury. 
The same landmarks, as well as an increased alpha angle, 
have been studied by Barnum et al.(20) with similar results, 
resulting in a higher risk for ACL injury. The increased 
posterior tibial slope may promote ACL injury by increasing 

anterior tibial motion relative to the femur or by creating 
torsional loads. The notch width index (NWI) is also linked 
to ACL injury, with narrower NWI in ACL injury cases, 
compared to controls. NWI is advantageous in eliminating 
influences of height, weight, sex, individual differences, and 
measurement errors.(21)  

ACL volume and femoral intercondylar notch 
width were reported by Whitney et al.(22) to be significant 
independent predictors of ACL injuries in both the female 
and male groups. A decrease in each predictor was associated 
with an increased likelihood of injury in men. In contrast, in 
females, the thickness of the bony ridge at the anteromedial 
outlet of the femoral notch was also a significant predictor. 
Meanwhile, Polamalu et al.,(23) through statistical shape 
modeling, revealed significant differences in bony 
morphological features associated with ACL injuries, with 
variations in the angle between the long axis, condylar axis, 
and mechanical axis of the distal femur location. A smaller 
angle between the long and condylar axes may increase 
contact area and stability, thus reducing the risk of ACL 
injury. K. Çimen and colleagues(24) compared distal femur 
and proximal tibia anatomy; even though they didn’t find 
significant differences in the NWI, they found significant 
differences in the tibial eminence width index when 
comparing the ACL-injured group to those with an intact 
ACL. Moreover, Duparc et al.(25) have described the index 
of cumulative torsions as a regulatory ticket for the limb, 
with femoral torsion being extremely variable. The increased 
tibial and femoral torsions have also been described to 
increase the risk of an ACL injury.(26,27)

Our study’s limitation is that we have not considered 
pincer morphology, and AP radiographs were not taken to 
limit the patients’ exposure. The femoral head-neck offset 
ratio was not measured and observed since the mean of 
the alpha angle expressed the degree of femoral deformity. 
Another limitation may be the small number of subjects, 
even though the power analysis was done before the 
study. Furthermore, we did not compare the distal femur 
morphology, but this should be done in the future to reduce 
the potential confounding factors and to define even further 
the role of the alpha angle and proximal femur morphology 
in ACL rupture. 

Conclusion
The present study investigated the relationship between 

alpha angle and ACL injury in 105 subjects. The results 
revealed a significant association between a higher alpha 
angle and increased risk of ACL injury, with the mean alpha 
angle being significantly higher in subjects with ACL rupture 
than those without. The logistic regression analysis further 
supported this finding, indicating a statistically significant 
difference in alpha angle between the case and control groups 
and between hips of the same subject with an OR of 1.12 and 
1.2, respectively. Overall, our results indicate that alterations 
in proximal femur morphology should be considered a 
potential risk factor for ACL injury, and alpha angle can be 
a significant predictor of ACL injury. We recommend that 
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young athletes actively participating in sports have their hip 
alpha angle measured so those with higher alpha angle can 
follow special prevention programs.
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Abstract
Pseudomonas aeruginosa, a gram-negative bacterium, is notorious for its innate resistance to many antibiotics. Carbapenems 

are broad-spectrum antibiotics often used to treat severe P. aeruginosa infections. However, the emergence and proliferation of 
carbapenem-resistant P. aeruginosa (CRPA) strains have become a grave global health concern. This study examined the co-
occurrence of four major carbapenemase genes, namely blaNDM, blaVIM, blaKPC, and blaOXA-48, in clinical isolates of P. aeruginosa.

Using standard microbiological methods,150 P. aeruginosa clinical isolates were collected and identified, and antimicrobial 
susceptibility testing was conducted following Clinical and Laboratory Standards Institute guidelines. Polymerase chain reaction 
(PCR) with gene-specific primers was used to detect the presence of carbapenemase genes.

Among the 150 P. aeruginosa clinical isolates, 62(41.3%) were found to be carbapenem-resistant. The most detected 
carbapenemase genes were blaKPC (49%), blaNDM (31%), blaOXA-48 (22%), and blaVIM (9%). Notably 13(12.9%) isolates carried two 
carbapenemase genes. The combination of blaKPC and blaNDM genes was found in eight isolates, two isolates carried blaKPC and 
blaVIM, and three isolates carried blaOXA-48 and blaNDM. Four isolates (6.5%) harbored three carbapenemase genes. Co-occurrence of 
blaNDM, blaVIM, blaKPC, and blaOXA-48 was observed in four isolates (2.8%). 

Our findings highlight the alarming prevalence of carbapenemase genes, particularly blaNDM and blaKPC, in clinical isolates 
of P. aeruginosa. The co-occurrence of multiple carbapenemase genes in the same isolate raises concerns about the potential for 
horizontal gene transfer and dissemination of multidrug-resistant P. aeruginosa strains in clinical settings. Further research is 
needed to elucidate the molecular mechanisms underlying the co-occurrence of carbapenemase genes and their impact on the 
clinical outcomes of P. aeruginosa infections. Urgent measures, such as enhanced surveillance, infection control protocols, and 
antibiotic stewardship programs, are imperative to combat the emergence and spread of CRPA strains.(International Journal of 
Biomedicine. 2023;13(3):123-126.)
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Introduction
Pseudomonas aeruginosa is a gram-negative 

opportunistic pathogen that commonly causes nosocomial 
infections, particularly in immunocompromised patients and 
those with chronic illnesses.(1) P. aeruginosa infections are 
often difficult to treat due to its intrinsic resistance to many 
antibiotics, and carbapenems are considered as the last-

resort antibiotics for treating severe P. aeruginosa infections. 
However, the emergence and spread of CRPA strains have 
become a global health threat, limiting treatment options, and 
posing challenges in infection control practices.(2

Carbapenem resistance in P. aeruginosa is often 
mediated by the acquisition of carbapenemase genes, which 
encode enzymes that can hydrolyze carbapenem antibiotics. 
Several types of carbapenemase genes have been identified in 
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P. aeruginosa, including blaNDM, blaVIM, blaKPC, and blaOXA-48, 
which are commonly found in other gram-negative bacteria 
as well.(3) These carbapenemase genes are often carried on 
mobile genetic elements, such as plasmids and integrons, 
which can facilitate their horizontal transfer among bacteria, 
leading to the dissemination of carbapenem resistance in 
clinical settings.(4)

While the presence of individual carbapenemase 
genes in P. aeruginosa has been widely reported, there are 
limited studies investigating the co-occurrence of multiple 
carbapenemase genes in the same isolate.(5) The co-occurrence 
of carbapenemase genes may have important clinical 
implications, as it can potentially lead to increased antibiotic 
resistance, treatment failures, and higher mortality rates. 
Therefore, understanding the prevalence and characteristics 
of co-existing carbapenemase genes in P. aeruginosa clinical 
isolates is crucial for the effective management of CRPA 
infections.(6,7)

In this study, we aimed to investigate the co-occurrence 
of four major carbapenemase genes, namely blaNDM, blaVIM, 
blaKPC, and blaOXA-48, in P. aeruginosa clinical isolates collected 
from different hospitals. 

Materials and Methods
Bacterial isolates

A total of 150 P. aeruginosa clinical isolates were 
collected from different hospitals in diverse geographical 
regions in Khartoum state. The isolates were obtained from 
various clinical specimens, including blood, respiratory 
samples, urine, and wound swabs (Table 1). The isolates were 
identified as P. aeruginosa using standard microbiological 
methods.

Antimicrobial susceptibility testing
The antimicrobial susceptibility of P. aeruginosa isolates 

was determined by the disc diffusion method according to the 
Clinical and Laboratory Standards Institute (CLSI) guidelines.(8) 
The antibiotics evaluated included imipenem and meropenem. 
The interpretation of susceptibility was based on the CLSI 
breakpoints.
Detection of carbapenemase genes by real-time PCR

Genomic DNA was extracted from P. aeruginosa 
isolates using a commercial DNA extraction kit following the 
manufacturer’s instructions.(9) The presence of carbapenemase 
genes, including blaNDM, blaVIM, blaKPC, and blaOXA-48, was 
detected by PCR using gene-specific primers (Table 2).(10-12) 
The real-time PCR amplification was performed in a thermal 
cycler under the following conditions: The test reaction was set 
to a total volume of 25 µl. 5 µl master mix, 1 µl of forward 
and reverse primers, the amount of Eva green dye used in the 
reaction varied per the amplicon size; for blaKPC a volume of 
2 µl of the Eva green was used, 1.5 µl for blaOXA-48 and blaVIM 
and 1 µl Eva green was used for blaNDM as it was the smallest 
amplicon size. 0.3 µl of the DNA template was used and the rest 
of the reaction’s volume was double distilled water.

Using the SaCycler-96 system (Sacacae Biotechnologies), 
real-time PCR protocol was carried out as follows. Hot start 
94Cᵒ for 10 min, the number of cycles 40, and the loop steps 
were as follows: denaturation at 94Cᵒ for 45 seconds, annealing 
at 52Cᵒ for 45 seconds and elongation at 72Cᵒ for 30 seconds, 
which included the fluorescent data at acquisition 533 nm filter, 
a final elongation step was set to be at 72C˚ for 10 min. After 
the end of the polymerization cycles, the melting curve step was 
added to start from 65Cᵒ gradually increasing by 0.1 C/s to 95C, 
with the fluorescence data acquisition every 1 second.

Results
Among the 150 P. aeruginosa clinical isolates, 62(41.3%) 

were found to be carbapenem-resistant. The most detected 
carbapenemase genes were blaKPC (49%), blaNDM (31%), 
blaOXA-48 (22%), and blaVIM (9%) (Figure 1). Notably 13(12.9%) 
isolates carried two carbapenemase genes. The combination of 
blaKPC and blaNDM genes was found in eight isolates, two isolates 
carried blaKPC and blaVIM, and three isolates carried blaOXA-48 
and blaNDM. Four isolates (6.5%) harbored three carbapenem 

Sample Number Prevalence (%)
Urine 30 20
Sputum 30 20
Blood 10 6.7
Wound swab 80 53.3

Table 1.
Samples distribution

Gene Primer Sequence GC% Tm
C˚

M.W
µg/µmol

Final Con.
µM

Amp
size bp

blaOXA-48

OXA-48-F 5’-GCGTGGTTAAGGATGAACAC-3’ 42.1 50.8 5855.9 0.2
177

OXA-48-R 5’-CATCAAGTTCAACCCAACCG-3’ 42.1 50.8 5865.5 0.2

blaKPC

KPC-Fm 5’-CGTCTAGTTCTGCTGTCTTG-3’ 50 52.6 5492.6 0.2
785

KPC-Rm 5’-CTTGTCATCCTTGTTAGGCG-3’ 58.3 63 7224.7 0.2

blaVIM

VIM-F 5’-GATGGTGTTTGGTCGCATA-3’ 50.0 55.4 6024.0 0.2
382

VIM-R 5’-CGAATGCGCAGCACCAG-3’ 65.0 57.4 6160.1 0.2

blaNDM

NDM-F 5’-GGTTTGGCGATCTGGTTTTC-3’ 55.6 54.9 5463.6 0.2
82

NDM-R 5’-CGGAATGGCTCATCACGATC-3’ 47.6 55.6 5463.6 0.2

Table 2.
Details of primers used, including sequence, annealing temperature, and product size.
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resistance genes. Co-occurrence of blaNDM, blaVIM, blaKPC, and 
blaOXA-48 was observed in four isolates (2.8%) (Table 3). 

Discussion
The study results revealed that carbapenem resistance 

among Pseudomonas aeruginosa clinical isolates was high, 
with 41.3% (62 out of 150) being resistant to carbapenems. This 
finding is concerning as carbapenems are often considered as 
the last-resort antibiotics for treating serious infections caused 
by multidrug-resistant bacteria.

Further analysis of the carbapenemase genes showed 
an interesting trend of blaKPC being the most detected gene, 
and blaVIM being the least detected gene. The blaKPC gene is 
commonly associated with resistance to carbapenem that is 
found in Enterobacteriaceae, such as Klebsiella pneumoniae 
and Escherichia coli.(13,14) However, it is less commonly 
associated with Pseudomonas aeruginosa, which are known 
to have intrinsic resistance to carbapenems due to their 
efflux pumps and impermeable outer membrane. Therefore, 
when blaKPC is being frequently detected in Pseudomonas 
aeruginosa, it indicates a concerning trend of horizontal 
gene transfer or acquisition of this resistance gene from other 
bacteria.(15,16)

On the other hand, blaVIM is a class B metallo-β-lactamase 
gene that confers resistance to carbapenems and is more 
commonly found in Pseudomonas species. However, the fact 

that it is being detected less frequently could be for several 
reasons, such as geographical variations in the prevalence of 
blaVIM-positive Pseudomonas strains.

Interestingly, the study also identified isolates that carried 
more than one carbapenem resistance gene. Approximately 
12.9% of the isolates (13 out of 101) carried two carbapenem 
resistance genes. The most common combination was 
blaKPC and blaNDM, which was found in eight isolates. Other 
combinations included blaKPC and blaVIM, as well as blaOXA-48 
and blaNDM, which were present in 2 and 3 isolates, respectively. 
Additionally, 6.5% of the isolates (4 out of 62) harbored three 
carbapenem resistance genes. Notably, four isolates (2.8%) 
were found to co-exist with all four carbapenemase genes, 
namely blaKPC and blaVIM, as well as blaOXA-48 and blaNDM. 

The co-occurrence of resistance genes in Pseudomonas 
strains is concerning as it indicates the presence of multiple 
mechanisms of carbapenem resistance in the same bacterial 
isolate and raises concerns about the potential for horizontal 
gene transfer, which can contribute to the rapid spread of 
carbapenem resistance among bacterial populations, making 
treatment options more limited and increasing the risk of 
treatment failure. 

The findings of this study have important implications 
for clinical practice and highlight the need for continuous 
surveillance of carbapenem resistance in P. aeruginosa isolates. 
Understanding the prevalence and diversity of carbapenemase 
genes in P. aeruginosa can aid in the development of 
appropriate treatment strategies and infection control measures 
to mitigate the spread of carbapenem resistance in healthcare 
settings. Further research is warranted to better understand 
the mechanisms underlying the emergence and dissemination 
of carbapenem resistance in P. aeruginosa, and to explore 
potential strategies to combat this growing threat to public 
health.

In conclusion, it is important to note that antibiotic 
resistance is a complex and dynamic phenomenon, and 
continuous monitoring and surveillance are crucial in 
understanding the trends and patterns of resistance genes 
in bacterial populations. This information can help guide 
antibiotic stewardship efforts and infection control strategies 
to mitigate the spread of antibiotic-resistant bacteria.
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Abstract
Background: Klebsiella oxytoca may cause various infections, including respiratory, urinary, and bloodstream infections, often 

with multidrug-resistant strains posing challenges in treatment. The aim of this study was for molecular identification of K. oxytoca 
and to assess the existence of aminoglycoside resistance genes in biofilm and in toxin-producing and AmpC-positive isolates. 

Methods and Results: A total of 400 non-duplicate stool samples were collected from patients with colitis from 2019 to 
2020 and were immediately cultured onto McConkey and blood agar (Merk, Germany). Antibiotic discs and Mueller-Hinton agar 
(MHA) culture medium (Merck, Germany) were used for antimicrobial susceptibility testing. The disk diffusion was done for 
susceptibility examination of them using CLSI 2020. Phenotypic detection of AmpC enzymes and biofilm formation were also 
determined. The PCR was performed to detect polygalacturonase (pehX) gene, blaCTX-M  gene, npsB toxin-encoding gene, blaAmpC 
gene, and the aac(6′)-lb and aac(3′)-IIa AMEs genes. 

A total of 100 K. oxytoca were identified from stool samples. Most isolates were not susceptible to tetracycline, cotrimoxazole, 
or cefoxitin disks. Moreover, most were susceptible to amikacin and piperacillin-tazobactam disks. Among 100 isolates, 54% 
produced the AmpC enzyme in the combined disk method. Among them, 30 isolates were resistant to gentamicin. Strong biofilm 
formation was determined in 66% of isolates, and 30% of them produced moderate biofilms. Moreover, 4% of the isolates had 
weak biofilms. Among the 60 gentamicin-resistant K. oxytoca, 32 isolates had strong biofilms, and 11 isolates produced moderate 
ones. The pehX was used for the molecular identification of K. oxytoca; the results showed the presence of this gene in all isolates. 
The majority (98%) of K. oxytoca amplified the npsB toxin-encoding gene. The rate of blaCTX-M, blaAmpC, aac(6′)-lb, and aac(3)-IIa 
genes were 62%, 45%, 12%, 24%, respectively. 

Conclusion: In our study, more than half of K. oxytoca showed MDR phenotype. Moreover, half of the isolates carried 
the blaAmpC and blaCTX-M genes. Strong biofilm formation was observed in more than 60% of them.(International Journal of 
Biomedicine. 2023;13(3):127-130.)
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Introduction
Klebsiella oxytoca may cause various infections, 

including respiratory, urinary, and bloodstream infections, 

often with multidrug-resistant strains posing challenges in 
treatment.  The genus Klebsiella, like Escherichia, Salmonella, 
Shigella, Haemophilus, and some other Gram-negative 
bacteria, belongs to the domain of Proteobacteria and the 
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branch of Gammaproteobacteria (class III).(1-3) This bacterium 
multiplies by disturbing the microbial balance of intestinal 
flora and causes colitis.(4) Colonization of skin and mucous 
membranes is the first step(5) in the pathogenicity of K. oxytoca. 
This opportunistic pathogen can generate a thick layer of 
biofilm as one of its important virulence factors, enabling the 
bacteria to attach to living or abiotic surfaces, contributing 
to drug resistance. The thickness of the biofilm layer extends 
from a simple cell layer around a bacterium to a thick layer 
surrounding the bacterial community. In this biofilm layer, a 
complex network of channels allows bacteria to access the 
environment. One of the benefits of this outer layer is the 
ability to absorb the nutrients needed and concentrate them 
for bacterial metabolism.(6) Biofilms make bacteria resistant 
to various agents, such as antibiotics, environmental stress 
conditions, and phagocytosis of host immune cells.(7,8) The 
presence of these surface components enables the bacterium 
to attach to various surfaces, including tissues, catheters, and 
other injectable medical devices. The first reported bacterial 
enzyme to degrade penicillin was Amp-C beta-lactamase 
in E. coli. In 1965 Swedish researchers began a genetic and 
systematic study of penicillin-resistant E. coli. The sequence of 
the AmpC gene of E. coli was reported in 1981. It was different 
from the TEM-1 beta-lactamase sequence and contained 
serine at its active site. AmpC β-lactamases belong to Ambler 
class C and Bush-Jacoby-Medeiros functional group 1.(9,10) 
When the functional classification scheme was published in 
1995, chromosomally determined AmpC β-lactamases in 
Enterobacteriaceae and a few other families were known.(11,12)  
Aminoglycosides are important antibiotics against multidrug-
resistant Gram-negative bacteria. However, resistance to 
these drugs has limited the choices. The aim of this study was 
for molecular identification of K. oxytoca and to assess the 
existence of aminoglycoside resistance genes in biofilm and in 
toxin-producing and AmpC-positive isolates. 

Materials and Methods
A total of 400 non-duplicate stool samples were 

collected from patients with colitis from 2019 to 2020 and 
were immediately cultured onto McConkey and blood agar 
(Merk, Germany). Various biochemical tests were performed 
to confirm K. oxytoca isolates, in addition to the molecular 
test. Antibiotic discs and Mueller-Hinton agar (MHA) culture 
medium (Merck, Germany) were used for antimicrobial 
susceptibility testing. The disk diffusion was done for 
susceptibility examination using CLSI 2020. Antibiotic discs 
used were cefoxitin 30 µg (FOX), ceftazidime 30 µg (CAZ), 
cefotaxime 30 µg (CTX), cefepime 50 µg (FEP), meropenem 
10 µg (MEM), gentamicin 10 µg (G), tetracycline 30 µg (TE), 
cotrimoxazole 25 µg (SXT), piperacillin-tazobactam 30 µg 
(PITZ), co-amoxiclav 30 µg (AMC), imipenem 10 µg (IPM), 
amikacin 30 µg (AN) and ciprofloxacin 30 µg (CP) (MAST, 
UK).(13-15)

To detect Amp-C beta-lactamase enzyme, we used 
ceftazidime, cefotaxime, and cefoxitin 30 µg (FOX) + clavulanic 
acid 10 µg and cefoxitin 30 µg plus and without boronic acid 
400 µg. After incubation for 24 hours at 37°C, in the combined 

disk test, the diameter of the growth inhibition zone differed 
by 5 mm, compared to cefoxitin singly. This finding showed 
a positive result. Biofilm formation was performed by the 
microtitre-plate method and determined using an ELISA reader 
at OD490. 

The PCR was performed to detect polygalacturonase 
(pehX) gene, blaCTX-M gene, npsB toxin-encoding gene, blaAmpC 
gene, and the aac(6′)-lb and aac(3′)-IIa AMEs genes (Table 1). 

Results
A total of 100 K. oxytoca were identified from stool samples. 

Most isolates were not susceptible to tetracycline, cotrimoxazole, 
or cefoxitin disks. Moreover, most were susceptible to amikacin 
and piperacillin-tazobactam disks (Table 2). 

Among 100 isolates, 54% produced the AmpC enzyme 
in the combined disk method. Among them, 30 isolates 

Table 1. 
Primer sequence.

Primer                      Sequence: 5’  →  3’ Amplicon 
size (bp) Ref.

blaCTX-M
F: TTTGCGATGTGCAGTACCAGTAA
R: CGATATCGTTGGTGGTGCCATA 544 [16]

pehX F: GGACTACGCCGTCTATCGTCAAG
R: TAGCCTTTATCAAGCGGATACTGG 513 [17]

npsB F: CCCGTTGGCCGCTCATCACCTAT
R: GCGCCGCACAATTTCCCTTCCTC 470 [18]

blaAmpC
F: TGGCCAGAACTGACAGGCAAA
R: TTTCTCCTGAACGTGGCTGGC 462 [19]

aac(6’)-Ib F: TATGAGTGGCTAAATCGAT
R: CCCGCTTTCTCGTAGCA 395 [20]

aac(3)-IIa F: GGCAATAACGGAGGCGCTTCAAAA
R: TTCCAGGCATCGGCATCTCATACG 563 [20]

Ref - Reference

Table 2. 
The antibiotic resistance profile.

Disk/Resistance 
(n = 100)

Susceptibility 
(n = %)

Intermediate 
(n = %)

Resistance 
(n = %)

CAZ 46 0.0 54
FEP 41 0.0 59
CTX 54 5 41
AMC 41 8 51
IPM 52 8 40

MEM 53 9 38
PITZ 68 2 30
FOX 63 0.0 37
AN 67 3 30
G 60 4 36
CP 41 4 56
TE 34 0.0 66

SXT 29 2 69
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were resistant to gentamicin. Strong biofilm formation was 
determined in 66% of isolates, and 30% of them produced 
moderate biofilms. Moreover, 4% of the isolates had weak 
biofilms. Among the 60 gentamicin-resistant K. oxytoca, 32 
isolates had strong biofilms, and 11 isolates produced moderate 
ones. The pehX was used for the molecular identification of 
K. oxytoca; the results showed the presence of this gene in all 
isolates (Figure 1). The majority (98%) of K. oxytoca amplified 
the npsB toxin-encoding gene. Therefore, nearly all the isolates 
were toxin-producing strains (Figure 2). The rate of blaCTX-M, 
blaAmpC, aac(6′)-lb, and aac(3)-IIa genes were 62%, 45%, 12%, 
24%, respectively. Table 3 shows the relation between biofilm 
formation, resistance genes, and MDR phenotype.

Discussion
We observed that 25% of stool samples were positive for 

K. oxytoca and confirmed by the presence of the pehX gene, 
98% of which carried the npsB toxin-encoding gene. Most 
isolates were not susceptible to tetracycline, cotrimoxazole, 
or cefoxitin disks. However, most of them were susceptible to 
amikacin and piperacillin-tazobactam disks. In Cheng’s study, 

the prevalence of K. oxytoca was that 2.1%, and 31.6% of 
these isolates contained toxins.(21) Also, none of the K. oxytoca 
isolates were reported from samples of hemorrhagic colitis. In 
2010, Conejo et al.(22) conducted a study on multidrug-resistant 
K. oxytoca carrying the blaIMP-8 gene associated. A total of 
9 out of 52 hospitalized patients in Spain were infected with 
this bacterium. In 2011, the first report was from K. oxytoca, 
new ESBLs called OXY-2, which was able to hydrolyze 
cefotaxime and ceftazidime.(23) This family of new broad-
spectrum beta-lactamases was identified after the first report of 
CTX-M enzymes in 1986 in Japan and in 1989 in Germany, 
Argentina, France, and Italy. CTX-M beta-lactamases have now 
been identified in most Enterobacteriaceae species. At least 65 
types of CTX-M have been identified in 5 families based on 
their amino acid sequences.(7,8) Recently, species with resistance 
to cephalosporins have been increasing rapidly, so the total 
samples isolated in Bulgaria, Cyprus, Romania, and Portugal, 
28%, 16%, 16%, and 12%, respectively, produced ESBLs.(9,24) 

In this study, 66% and 45% of isolates were contained 
blaCTX-M and blaAmpC genes, respectively. The prevalence of 
AmpC enzyme in E. coli and K. pneumoniae strains was 17.1% 
in China. In the United States, 4% of E. coli collected from 25 
US states carried the AmpC enzyme.(25-28) In a study in India, 
37.5% of E. coli isolates, and 24.1% of K. pneumonia isolates 
had the AmpC gene. In a study of 173 E. coli and Klebsiella 
isolates in the United Kingdom, 49% of E. coli and 55% of 
Klebsiella isolates contained the AmpC beta-lactamase enzyme, 
which is highly prevalent in this country.(29,30) However, biofilm 
formation and AMEs genes have not been investigated. We 
observed that 16% and 8% of AmpC-bearing K. oxytoca carried 
the aac(3)-IIa and aac(6)-Ib genes, respectively. Moreover, 
27% of them were strong biofilm producers. Among 100 
isolates, 54% produced the AmpC enzyme in the combined disk 
method. Among them, 30 isolates were resistant to gentamicin. 

In conclusion, more than half of K. oxytoca showed 
MDR phenotype. Moreover, half of the isolates carried the 
blaAmpC and blaCTX-M genes. Strong biofilm formation was 
observed in more than 60% of them, of which 27% carried the 
blaAmpC gene, 22% carried the aac(3)-IIa gene, and 6% had 
the aac(6)-Ib gene. It is suggested to implement combination 
therapy for MDR isolates.
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Abstract
Background: Urinary tract infection (UTI) is the world’s second most common bacterial infection, behind respiratory tract 

infections, affecting people of all ages worldwide. It is the most common bacterial infection among females. The present study 
aimed to determine the local bacterial species distribution of UTI isolates between males and females in the Peja region.

Methods and Results: This cohort longitudinal, prospective-retrospective study was conducted in the microbiological 
laboratories of Peja region, Kosovo. The research includes all urine samples tested for gram-negative bacteria during three years, 
2018-2020. The comparison of male and female samples in terms of the type of bacteria isolated showed that the urinary infection 
in female patients was caused by E. coli, significantly more often than in male patients (86.31% vs. 62.87%, P=0.0000), while in 
the samples from male patients, Klebsiella spp. (12.05% vs. 3.68%, P=0.0000), P. aeruginosa (7.49% vs. 1.59%, P=0.0000), and 
Acinetobacter spp. (7.82% vs. 1.59%, P=0.0000), were detected significantly more often than female isolates. The prevalence 
of Proteus spp. was similar in male and female isolates (6.19% vs. 5.03%, P=0.3926). The results of the statistical analysis 
showed a statistically significant difference in the resistance of E. coli to the analyzed antibiotics depending on the gender of the 
patients. E. coli showed significantly higher resistance in male patients than in female patients to 12 of the 13 antibiotics that 
were used: ampicillin, amikacin, gentamicin, cefalexin, cefuroxime, cefotaxime, ceftazidime, ofloxacin, imipenem, piperacillin, 
nitrofurantoin, and trimethoprim/sulfamethoxazole. In both genders, E. coli showed the lowest resistance to imipenem and the 
highest resistance to ampicillin.

Conclusion: Not only does the prevalence of uropathogens gram-negative bacteria differ by gender (greater frequency 
among women) but their antibiotic resistance also differs by gender (higher resistance among male patients). (International 
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Introduction
Urinary tract infections (UTIs) are frequent worldwide, 

and the pattern of antibiotic resistance differs by region. A 
UTI is a medical illness marked by pathogenic bacteria in the 
urine, bladder, urethra, kidney, and prostate.(1) It is the world’s 
second most common bacterial infection, behind respiratory 
tract infections, affecting people of all ages worldwide.(2) It 
is the most common bacterial infection among females. An 

estimated 50.0% of women will get a UTI at least once, and 
UTIs are most common in people aged 16 to 64.(3) Recurrence 
of urinary infections is common in women. Recurring UTIs 
in women are defined as at least 2 UTIs occurring within a 
6-month period or at least 3 UTIs in 12 months. The frequency 
of recurring UTIs in women is estimated to be 25%-50% of 
all infections.(4-7) Recurrent UTIs, on the other hand, demand 
several clinical visits and antibiotic therapy.(8) UTI therapy is 
estimated to account for 15% of all antibiotic use in humans.
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Because of the rise of drug-resistant uropathogens, 
managing UTIs has become a public health priority.(9) Because 
UTIs are not reportable infections, it is impossible to assess 
their prevalence correctly. The situation may be exacerbated 
because, in most outpatient settings, a positive urine culture 
result is not necessary to make a diagnosis based on symptoms.
(10) However, studies show that, despite UTI symptoms, women 
do not seek medical attention. As a result, the real picture of 
UTIs is likely to be understated in the literature.(11) A large 
proportion of uncontrolled antibiotic usage has contributed to 
the emergence of resistant bacterial infections. Resistance rates 
to the most common prescribed drugs used in treating UTIs vary 
considerably in different areas. Estimating local etiology and 
susceptibility profile could support the most effective empirical 
treatment.(12) So far, there has not been extensive research in the 
Peja region on differences in urine bacteriology characteristics 
and susceptibility patterns between males and females. 

The present study aimed to determine the local bacterial 
species distribution of UTI isolates between males and females 
in the Peja region, their susceptibility pattern to antibiotics, 
and to get fundamental, appropriate antimicrobial therapies. 
One of the main tasks was to determine gender differences 
in the prevalence of uropathogens and their antimicrobial 
resistance in urine samples.

This cohort longitudinal, prospective-retrospective 
study was conducted in the microbiological laboratories at the 
Regional Hospital in Peja and the Regional Center of Public 
Health in Peja.

Materials and Methods
The research includes all urine samples tested for 

gram-negative bacteria in the Peja region during three years, 
2018-2020. The epidemiological method was used to collect 
and analyze the data, focusing on gram-negative pathogenic 
bacteria and their medication resistance.

Exclusion criteria: isolates from patients under 18; 
patients with more than two species of bacteria, and isolates 
of Candida spp.(13) 

The procedures of bacteriological examination of urine 
samples and determination of susceptibility to antibiotics are 
described in detail in another paper.(14)

Statistical analysis was performed using the statistical 
software package SPSS version 22.0 (SPSS Inc, Armonk, 
NY: IBM Corp). Baseline characteristics were summarized 
as frequencies and percentages for categorical variables and 
as mean ± standard deviation (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 chi-square test 
with Yates’ correction or Fisher’s exact test (2-tail), when 
appropriate. A probability value of P<0.05 was considered 
statistically significant. 

Results
A total of 12791 urine samples were analyzed in the 

study, of which 2316(18.11%) were positive for the growth 

of gram-negative pathogenic strains, and 10475(81.89%) 
were negative. From positive cases (n=2316) male were 
307(13.26%) and female ‒ 2009(86.74%). The patients from 
the group with gram-negative isolates were aged 19 to 95 
years, with an average age of 54.4±18.1 years. Female patients 
were more often aged 19 to 40 and 41 to 60 years, while male 
patients were more often older than 61 years (P=0.0000). The 
average age of male patients was 63.6±17 years, and that of 
female patients was 52.9±18 years. According to the results 
of statistical analysis, male patients were significantly older 
(P=0.0000) (Table 1). 

The comparison of male and female samples in terms of 
the type of bacteria isolated showed that the urinary infection 
in female patients was caused by E. coli, significantly more 
often than in male patients (86.31% vs. 62.87%, P=0.0000), 
while in the samples from male patients, Klebsiella spp. 
(12.05% vs. 3.68%, P=0.0000), P. aeruginosa (7.49% vs. 
1.59%, P=0.0000), and Acinetobacter spp. (7.82% vs. 1.59%, 
P=0.0000), were detected significantly more often than female 
isolates. The prevalence of Proteus spp. was similar in male 
and female isolates (6.19% vs. 5.03%, p=0.3926), (Table 2).

Таble 1.
Patients by gender and age groups.

Age-group,
years

Total
n (%)

Gender
P-valueMale

n (%)
Female
n (%)

19 – 40 595 (25.7%) 45 (14.66) 550 (27.38)

0.000041 – 60 707 (30.5%) 49 (15.96) 658 (32.75)

≥ 61 1014 (43.8%) 213 (69.38) 801 (39.87)

mean±SD 54.4 ± 18.1 63.58 ± 16.99 52.99 ± 17.9
0.0000

min – max 19 – 95 19 – 95 19 – 95 

Table 2.
Prevalence of gram-negative bacteria by gender.

Bacteria n
Gender

P-valueMale
n (%)

Female
n (%)

E. coli
No 389 114 (37.13) 275 (13.69)

0.0000
Yes 1927 193 (62.87) 1734 (86.31)

Klebsiella spp.
No 2205 270 (87.95) 1935 (96.32)

0.0000
Yes 111 37 (12.05) 74 (3.68)

Proteus spp.
No 2196 288 (93.81) 1908 (94.97)

0.3926
Yes 120 19 (6.19) 101 (5.03)

P. aeruginosa
No 2261 284 (92.51) 1977 (98.41)

0.0000
Yes 55 23 (7.49) 32 (1.59)

Acinetobacter spp.
No 2260 283 (92.18) 1977 (98.41)

0.0000
Yes 56 24 (7.82) 32 (1.59)



133I. Loxhaj et al. / International Journal of Biomedicine 13(3) (2023) 131-136

Table 3 shows the distribution of resistant isolates from 
the E. coli strain depending on the gender of the patients. 
The results of the statistical analysis showed a statistically 
significant difference in the resistance of E. coli to the analyzed 
antibiotics depending on the gender of the patients. E. coli 
showed significantly higher resistance in male patients than 
in female patients to 12 of the 13 antibiotics that were used: 
ampicillin, amikacin, gentamicin, cefalexin, cefuroxime, 
cefotaxime, ceftazidime, ofloxacin, imipenem, piperacillin, 
nitrofurantoin, and trimethoprim/sulfamethoxazole. In both 
genders, E. coli showed the lowest resistance to imipenem and 
the highest resistance to ampicillin. 

In both genders, Klebsiella spp. showed the highest 
resistance to ampicillin and the lowest to imipenem (Table 4).

Table 5 shows the distribution of resistant isolates from 
the Proteus spp. strain depending on the gender of the patients. 
A statistically significant difference in the gender distribution 
of resistant isolates of Proteus spp. was not found. In the 
group of male patients, Proteus spp. showed no resistance to 7 
of the 13 tested antibiotics, the highest resistance was shown 
to nitrofurantoin. In the group of female patients, the lowest 
resistance of Proteus spp. was registered to amikacin, then to 
ofloxacin and imipenem, and the highest to nitrofurantoin and 
ampicillin.

Table 6 shows the distribution of resistant isolates from 
the Pseudomonas aeruginosa strain depending on the gender 
of the patients. Resistance of Pseudomonas aeruginosa 
to amikacin, gentamicin, ofloxacin, and imipenem was 
significantly higher in male patients than in female patients. 
Pseudomonas aeruginosa was non-significantly more often 

resistant to cefalexin in female than in male patients. In the 
group of men, 100% resistance was registered to cefuroxime, 
cefotaxime, and ofloxacin. In the group of female patients, 
Pseudomonas aeruginosa showed no resistance to 2 
(tobramycin and ofloxacin) of the 13 tested antibiotics and low 
resistance to amikacin and imipenem.

Table 3.
Distribution of resistant (R) E. coli strain isolates by gender.

Resistance / E. coli

Antibiotic
Gender

P-value

To
ta

l Male
R / n / (%)

Female
R / n / (%)

Ampicilin 911 111 / 187 / (59.36) 800 / 1685 / (47.48) 0.0020

Amikacin 30 9 / 157 / (5.73) 21 / 1334 / (1.57) 0.0013*
Gentamicin 163 34 / 185 / (18.38) 129 / 1639 / (7.87) 0.0000
Tobramicin 16 2 / 25 / (8) 14 / 325 / (4.31) 0.7226*
Cefalexin 327 50 / 119 / (42.02) 277 / 1098 / (25.23) 0.0001
Cefuroxime 95 15 / 26 / (57.69) 80 / 326 / (24.54) 0.0002
Cefotaxime 75 12 / 25 / (48) 63 /319 / (19.75) 0.0010
Ceftazidime 62 9 / 22 / (40.91) 53 / 283 / (18.73) 0.0267*
Ofloxacin 79 11 / 19(57.89) 68 /266 / (25.56) 0.0024
Imipenem 22 5 / 130 / (3.85) 17 / 118 / (1.43) 0.0035
Piperacillin 207 29 / 60 / (48.33) 178 / 578 / (30.8) 0.0057
Nitrofurantoin 142 39 / 184 / (21.2) 103 / 1633 / (6.31) 0.0000
Trimethoprim
/Sulfamethoxazole 682 87 / 178 / (48.88) 595 / 1632 / (36.46) 0.0012

*Yates’ P-value

Table 4. 
Distribution of resistant (R) Klebsiella spp. strain isolates by gender.

Resistance / Klebsiella spp.

Antibiotic
Gender

P-value
Total Male

R / n / (%)
Female

R / n / (%)
Ampicilin 92 34 / 35 / (97.14) 58 / 74 / (78.38) 0.0117
Amikacin 2 2 / 31 / (6.45) 0 / 68 / 0 0.0958^
Gentamicin 16 11 / 36 / (30.56) 5 / 73 / (6.85) 0.0010
Tobramicin 7 2 / 18 / (11.11) 5 / 44 / (11.36) 0.6792*
Cefalexin 47 19 / 25 / (76) 28 / 65 / (43.08) 0.0051
Cefuroxime 30 15 / 19 / (78.95) 15 / 44 / (34.09) 0.0011
Cefotaxime 29 14 / 19 / (73.68) 15 / 45 / (33.33) 0.0030
Ceftazidime 26 12 / 16 / (75) 14 / 39 / (35.9) 0.0083
Ofloxacin 17 12 / 17 / (70.59) 5 / 34 / (14.71) 0.0001
Imipenem 8 3 / 31 / (9.68) 5 / 68 / (7.35) 1.0*
Piperacillin 55 27 / 32 / (84.38) 28 / 66 / (42.42) 0.0001
Nitrofurantoin 30 12 / 29 / (41.38) 18 / 65 / (27.69) 0.1885
Trimethoprim
/Sulfamethoxazole 57 20 / 27 / (74.07) 37 / 70 / (52.86) 0.0571

* Yates’ P-value, ^Fisher’s Exact Test (two-tailed)

Table 5. 
Distribution of resistant (R) Proteus  spp.  strain isolates by gender.

Resistance / Proteus spp.

Аntibiotic
Gender

P-value

To
ta

l Male
R / n / (%)

Female
R / n / (%)

Ampicilin 61 9 / 19 / (47.37) 52 / 97 / (53.61) 0.618
Amikacin 2 0 / 15 / 0 2 / 77 / (2.6) 1^
Gentamicin 18 4 / 19 / (21.05) 14 / 97 / (14.43) 0.7024*
Tobramicin 4 0 / 4 / 0 4 / 20 / (20) 1^
Cefalexin 20 2 / 11 / (18.18) 18 / 70 / (25.71) 0.8719*
Cefuroxime 5 0 / 5 5 / 21 / (23.81) 0.5451^
Cefotaxime 3 0 / 5 3 / 20 / (15) 1^
Ceftazidime 3 0 / 4 3 / 19 / (15.79) 1^
Ofloxacin 1 0 / 4 1 / 19 / (5.26) 1^
Imipenem 4 0 / 15 4 / 74 / (5.41) 1^
Piperacillin 16 3 / 11 / (27.27) 13 / 64 / (20.31) 0.9025*
Nitrofurantoin 60 12 / 17 / (70.59) 48 / 85 / (56.47) 0.2802
Trimethoprim
/ Sulfamethoxazole 50 7 / 17 / (41.18) 43 / 93 / (46.24) 0.7004

*Yates’ P-value, ^Fisher’s Exact Test (two-tailed)
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Table 7 shows the distribution of resistant isolates from 
the Acinetobacter spp. strain depending on the gender of 
the patients. Acinetobacter spp. showed significantly higher 
resistance in male patients than in female patients to ampicillin, 

amikacin, gentamicin, nitrofurantoin, and trimethoprim/
sulfamethoxazole. Acinetobacter spp did not show resistance 
to tobramicin in both sexes, to cefuroxime, cefotaxime, 
ceftazidime, ofloxacin, and imipenem in male patients, and 
to amikacin in female patients.  This bacterium showed high 
resistance to ampicillin and trimethoprim/sulfamethoxazole in 
male patients, to ampicillin in female patients.

Discussion
In this work, we described the relationships between 

gender. isolated bacterial agents and antibiotic resistance of 
UTIs. The comparison of male and female samples in terms of 
the type of bacteria isolated showed that the urinary infection 
in female patients significantly more often than in male patients 
was caused by E. coli (86.31% vs. 62.87%, P=0.0000), while in 
the samples from male patients, Klebsiella spp., P. aeruginosa, 
and Acinetobacter spp. were detected significantly more often 
than female isolates (12.05% vs. 3.68% [P=0.0000], 7.49% 
vs. 1.59% [P=0.0000], and 7.82% vs. 1.59% [P=0.0000], 
respectively). The prevalence of Proteus spp. was similar 
in male and female isolates (6.19% vs. 5.03%, P=0.3926). 
Similar to a study conducted by Raka et al.(15) in Kosovo in 
2001. In a study by Amin et al.(16) in Iran, of the total number 
of positive cultures for UTI, 68% were in females and 32% in 
males. The most frequently isolated bacteria was E.coli, with 
59.0% (F 75.5% vs. M 24.5), and the second was Klebsiella 
with 11.6% (F 67.7 % vs. M 32.3%). In this study, Klebsiella 
was more frequent among females.

A study in Italy (17) found that among the 2741 urine 
samples, 1702(62.1%) and 1309(37.9%) were negative and 
positive for bacterial growth, respectively. Of 1309 patients 
with infection, 760(73.1%) were females, and 279(26.9%) 
were males. The three most isolated pathogenic strains were 
E.coli (72.2%), Klebsiella pneumoniae (12.4%), and Proteus 
mirabilis (9.0%). And other studies found that UTIs are twice 
more likely to occur in women than men over all age groups 
(18) and account for 1.2% of all office visits by women.(19) A 
third of women are diagnosed with a UTI before the age of 24 
years, and half develop at least one episode by 35 years of age.
(20) Several predisposing factors might contribute to the higher 
prevalence of UTIs among women.(21,22) It is well recognized 
that UTI is more prevalent in females than in males, and our 
data corroborate this generalization and correspond with a 
previous study conducted by Deshpande et al.(23)

Similarly, our observation on the prevalence of 
uropathogens is consistent with other prior reports.(24) 
We found that women of reproductive age are the most 
susceptible to UTIs. Vaginal colonization with pathogens and 
sexual activity have been identified as risk factors for UTI in 
women of this age group in previous studies.(25-27) Besides, the 
prevalence of UTI was also high in post-menopausal women. 
This phenomenon might be a result of genito-urinary atrophy 
and vaginal prolapse after menopause that alters the vaginal 
pH, decreasing the normal vaginal flora. This condition allows 
for gram-negative bacteria to grow as uropathogens.(28)

The results of our study showed a statistically 
significant difference in the resistance of E.coli to the analyzed 

Table 6. 
Distribution of resistant (R) Pseudomonas aeruginosa strain 
isolates by gender.

 Resistance / Pseudomonas aeruginosa

Antibiotic
Gender

P-value
To

ta
l Male

R / n / (%)
Female

R / n / (%)

Ampicilin 41 17 / 19 / (89.47) 24 / 27 / (88.89) 0.6757*
Amikacin 6 5 / 17 / (29.41) 1 / 28 / (3.57) 0.0434*
Gentamcin 12 8 / 22 / (36.36) 4 / 32 / (12.5) 0.0382
Tobramicin 1 1 / 5 / (20) 0 / 9 / 0 0.3571^
Cefalexin 22 7 / 9 / (77.78) 15 / 18 / (83.33) 0.8602*
Cefuroxime 7 3 / 3 / (100) 4 / 6 / (66.67) 0.4500^
Cefotaxime 7 3 / 3 / (100) 4 / 7 / (57.14) 0.4750^
Ceftazidime 9 5 / 6 / (83.33) 4 / 9 / (44.44) 0.3328*
Ofloxacin 2 2 / 2 / (100) 0 / 5 / 0 0.0476^
Imipenem 8 7 / 22 / (31.82) 1 / 24 / (4.17) 0.0373*
Piperacillin 20 11 / 19 / (57.89) 9 / 23 / (39.13) 0.2255
Nitrofurantoin 37 17 / 22 / (77.27) 20 / 27 / (74.07) 0.7958
Trimethoprim
/ Sulfamethoxazole 39 14 / 18 / (77.78) 25 / 30 / (83.33) 0.9244*

*Yates’ P-value, ^Fisher’s Exact Test (two-tailed)

Table 7.
Distribution of resistant (R) Acinetobacter spp. strain isolates by 
gender.

Resistance / Acinetobacter spp.

Antibiotic
Gender

P-value

To
ta

l Male
R / n / (%)

Female
R / n / (%)

Ampicilin 38 21 / 24 / (87.5) 17 / 32 / (53.13) 0.0064
Amikacin 6 6 / 17 / (35.29) 0 / 22 / 0 0.0038^
Gentamcin 21 14 / 22 / (63.64) 7 / 32 / (21.88) 0.0020
Tobramicin No resistance
Cefalexin 15 9 / 14 / (64.29) 6 / 12 / (50) 0.4624
Cefuroxime 1 0 / 1 / 0 1 / 2 / (50) 1^
Cefotaxime 1 0 / 1 / 0 1 / 2 / (50) 1^
Ceftazidime 1 0 / 1 / 0 1 / 2 / (50) 1^
Ofloxacin 2 0 / 1 / 0 2 / 2 / (100) 0.3333^
Imipenem 1 0 / 16 / 0 1 / 22 / (4.55) 1^
Piperacillin 15 6 / 14 / (42.86) 9 / 21 / (42.86) 1.0
Nitrofurantoin 30 17 / 20 / (85) 13 / 28 / (46.43) 0.0065
Trimethoprim
/ Sulfamethoxazole 32 19 / 23 / (82.61) 13 / 28 / (46.43) 0.0078

*Yates’ P-value, ^Fisher’s Exact Test (two-tailed)
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antibiotics, depending on the gender of the patients, higher 
resistance in male patients than in female patients to 12 of 
the 13 used antibiotics (ampicillin, amikacin, gentamicin, 
cefalexin, cefuroxime, cefotaxime, ceftazidime, ofloxacin, 
imipenem, piperacillin, nitrofurantoin, and trimethoprim/
sulfamethoxazole) we used. In both sexes, E.coli showed the 
lowest resistance to imipenem (3.85% and 1.43%, respectively, 
in male and female patients) and the highest resistance to 
ampicillin (59.36% and 47.48%, respectively, in male and 
female patients)..

Similar to our study, in a study by Gu et al.,(29) higher 
susceptibility trends were observed in females than in males 
regarding major gram-negative bacteria E. coli and K. 
pneumoniae. In other studies,(30-32) E. coli isolated from males 
showed resistance to the majority of antibiotics.

Conclusion
Results of our study showed that not only does the 

prevalence of uropathogens gram-negative bacteria differ by 
gender (greater frequency among women) but their antibiotic 
resistance also differs by gender (higher resistance among 
male patients). 

Limitations of the Study
Limitations are the same as published elsewhere. 

Finally, this is a single-center study, and further multi-center 
and prospective studies are required.
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Abstract
Background: All types of chromosomal aberrations have an impact on the development of dermatoglyphs, which changes 

both their quantitative and qualitative characteristics. This study aims to compare the quantitative characteristics of dermatoglyphs 
between individuals with Down syndrome and those with normal karyotypes in the Kosova Albanian population.

Methods and Results: The quantitative characteristics of digitopalmar dermatoglyphs were analyzed on 104 individuals 
(54 men and 50 women) with Down syndrome from Kosova’s Albanian population. The dermatoglyphs of 403 Albanians from 
Kosova with normal karyotypes (the control group) were also analyzed quantitatively. Using the method devised by Cummins 
and Midlo, dermatoglyph traces were obtained and analyzed. We analyzed the quantitative features of both the dermatoglyphs of 
the fingers and the dermatoglyphs of the palms of the hands. Moorhead and Seabright’s peripheral blood culture technique was 
utilized to analyze the karyotypes of individuals with Down syndrome. 

A total of 40 dermatoglyphic variables were analyzed. When the quantitative dermatoglyphic features of men with Down 
syndrome and the control group were compared, significant differences were discovered in 20 of the dermatoglyphic variables. 
Significant differences were discovered in 21 of the dermatoglyphic variables when the features of women with Down syndrome 
and the control group were compared. One of the most distinctive characteristics of Down syndrome was the breadth of the atd 
angle, which should be taken into consideration. Compared to the control group’s males and females, the males and females with 
Down syndrome exhibit wider atdT angles (161.91° vs. 92.60° [P<0.0001] and 165.48° vs. 94.75° [P<0.0001], respectively). 

Conclusion: The size of atd angles is the factor that most closely identifies people with Down syndrome.(International 
Journal of Biomedicine. 2023;13(3):137-142.)
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Introduction
Dermatoglyphics is the study of naturally occurring 

epidermal ridges found on the fingertips and toes, as well as the 
palms of the hands and soles of the feet.(1) They begin to form 
during the sixth or seventh week of intrauterine development, 
with their final formation occurring between the nineteenth 

and twenty-first weeks. After their formation, dermatoglyphs 
do not alter throughout an individual’s lifetime. This 
characteristic elevated the significance of dermatoglyphics in 
biomedical research.(2-4)

During studies, the most common dermatoglyphic 
figures are the arc, ulnar loop, radial loop, twist, incidental 
twist, and triradius, all located near the figures. Always 
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present on the tips of the digits are dermatoglyphic markings. 
One can count the epidermal ridges on the ulnar loop, radial 
loop, pleats, and accidental folds. The digital triradius, marked 
with the letters a, b, c, and d, is located at the base of digits 
2, 3, 4, and 5. During dermatoglyphic analysis, it is possible 
to enumerate embryonic ridges between the triradius a-b, b-c, 
and c-d. The axial triradius is located in the proximal portion 
of the hand’s palm and is denoted by the letter t. From the 
intersection of the triradius a, t, and d with straight lines, 
the “atd” angle, which represents a distinct dermatoglyphic 
measurable variable, can be derived.

The quantitative characteristics of dermatoglyphs can 
be analyzed based on the specifications.(5,6) The quantitative 
characteristics of dermatoglyphs are investigated by analyzing 
the epidermal ridges on the digits and palms of the hands. 
One digit is analyzed for its number of epidermal ridges and 
triradius. In the palms of the hands, the number of epidermal 
ridges between the triradius a-b, b-c, and c-d of the right hand 
and the left hand, as well as the size of the atd angle, are 
analyzed.(7,8)

The genes of the human genome govern the 
development of quantitative dermatoglyphic characteristics. 
Multiple genes appear implicated, so the inheritance 
pattern is not straightforward. Numerous studies have 
demonstrated that people with chromosomal aberrations 
(Down syndrome, Edwards’ syndrome, Turner’s syndrome, 
etc.) have dermatoglyphs that differ significantly from 
those of healthy individuals.(9-12) Not only do chromosomal 
aberrations significantly decrease the quality of human life, 
they also influence the development of quantitative human 
dermatoglyphic characteristics.(13)

In the general population, Down syndrome (DS) is 
the most prevalent chromosomal disorder. The incidence 
of infants born with this syndrome is 1 in 700.(14) Through 
cytogenetic analysis, it has been determined that there are 
three cytogenetic forms of Down syndrome. The cytogenetic 
form of trisomy 21 is found in approximately 94% of 
patients with Down syndrome. Trisomy 21 with translocation 
affects approximately 4% of people with Down syndrome. 
Approximately 2% of individuals with Down syndrome have 
the mosaic variant of trisomy 21.(15)

When the dermatoglyphs of people with Down syndrome 
free trisomy of chromosome 21, trisomy 21 with translocation, 
and the mosaic form of trisomy 21 were compared, no significant 
differences were found. All three Down syndrome forms possess 
dermatoglyphs that are characteristic of Down syndrome.(16) 
However, the dermatoglyphic features in individuals with Down 
syndrome significantly differ from those in healthy individuals.
(17) The ulnar loop is present in approximately 80% of the digits 
of individuals with Down syndrome, whereas it is present in 
about 60% of the fingers of healthy individuals. Men with DS 
have approximately 130 epidermal ridges on their fingertips, 
whereas healthy men have approximately 145. The sum of the 
atd angles in both hands of individuals with Down syndrome 
ranges between 137° and 163°, whereas in healthy individuals, 
it ranges between 85° and 97°.

In the Albanian population of Kosova, no dermatoglyphic 
research has been conducted on individuals with Down 

syndrome. In this study, we investigated the dermatoglyphs of 
individuals with Down syndrome who are part of the Albanian 
population of Kosova. We compared them to individuals from 
the same population without chromosomal abnormalities. 
Our study concluded that people with Down syndrome in the 
Albanian population of Kosova have the same quantitative 
changes in the dermatoglyphs as people with DS in other 
populations. 

This study aims to compare the quantitative 
characteristics of dermatoglyphs between individuals with 
Down syndrome and those with normal karyotypes in the 
Kosova Albanian population.

Materials and Methods
The quantitative characteristics of digitopalmar 

dermatoglyphs were analyzed on 104 individuals (54 men and 
50 women) with Down syndrome from Kosova’s Albanian 
population. The dermatoglyphs of 403 Albanians from Kosova 
with normal karyotypes were also analyzed quantitatively. 
This group serves as the control group. Using the method 
devised by Cummins and Midlo,(18) dermatoglyphic traces 
were obtained and analyzed.

During the research, the quantitative features of both the 
dermatoglyphs of the fingers (FRC: Finger Ridge Count) and 
the dermatoglyphs of the palms of the hands (PRC: Palmar 
Ridge Count) were analyzed.

The following quantitative characteristics of 
dermatoglyphs were analyzed in the fingers: Right hand –  
FRC of Finger 1 (FRR1), Finger 2 (FRR2), Finger 3 (FRR3), 
Finger 4 (FRR4), and Finger 5 (FRR5); Left hand – FRC of 
Finger 1 (FRL1), Finger 2 (FRL2), Finger 3 (FRL3), Finger 
4 (FRL4), and Finger 5 (FRL5); Total FRC Right (TFRR (1-
5)); Total FRC Left (TFRL (1-5)); Total FRC (TFRC); the 
number of triradius in the fingers of the right hand – Pattern 
Intensity Right (PIR): PIR1, PIR2, PIR3, PIR4, and PIR5 and 
the number of triradius in the fingers of the left hand - Pattern 
Intensity Left (PIL): PIL1, PIL2, PIL3, PIL4, and PIL5; Total 
PIR (1-5 R)  (TPIR1-5R); Total PIL (1-5 L)  (TPIL1-5L); the 
total number of triradius for the 5 fingers of the right hand 
(TPIR – Total PIR); the total number of triradius for the 5 
fingers of the left hand (TPIL– Total PIL), as well as the total 
number of triradius in all 10 fingers of the right and left hand, 
i.e., Total Pattern Intensity Index (TPII).

In the palms of the hands, we analyzed the following 
patterns: the number of epidermal ridges between the digital 
triradius a,b,c, and d of the right hand (a-b rc R, b-c rc R and 
c-d rc R) and of the left hand (a-b rc L, b-c rc L and c-d rc L), 
the total number of epidermal ridges in the interdigital regions 
for the right and left hand – Total PRC on the right hand 
(TPRR), Total PRC on the left hand (TPRL),  the total number 
of epidermal ridges between triradius a and b on both hands 
(Total Palmar Ridge - TPR 1), the total number of epidermal 
ridges between triradii b and c on both hands (TPR2), the total 
number of epidermal ridges between the triradii c and d in 
both hands (TPR3), the size of the atd angle in the right hand 
(atd R) and in the left hand (atd L) as well as the size of the atd 
angle in both hands (atd T).
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Moorhead and Seabright’s peripheral blood culture 
technique(19) was utilized to analyze the karyotypes of 
individuals with Down syndrome. 

Statistical analysis was performed using the statistical 
software package SPSS version 21.0 (SPSS Inc, Armonk, 
NY: IBM Corp). The normality of distribution of continuous 
variables was tested by the Kolmogorov-Smirnov test with 
the Lilliefors correction and Shapiro-Wilk test. 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. Differences of continuous variables departing from the 
normal distribution, even after transformation, were tested by 
the Mann-Whitney U-test. A probability value of P<0.05 was 
considered statistically significant.

The study protocol was reviewed and approved by the 
Ethics Committee of the University of Prishtina.

Results
Analyses of the quantitative characteristics of 

dermatoglyphs were conducted on two groups of people. The 
first cohort consisted of 104 individuals with Down syndrome. 
The second group consists of 403 individuals with a normal 
karyotype (the control group).

Three distinct forms of trisomy 21 were present in the 
karyotypes of individuals with Down syndrome. There were 
93 cases of free trisomy of chromosome 21 with 47,XY,+21 
karyotype (males) and 47,XX,+21 karyotype (females) 
(Figure 1),  10 cases of trisomy 21 with translocation (Figure 
2), and only one case of trisomy 21 mosaic form. 

Among individuals with Down syndrome who had 
karyotypes with different types of trisomy 21, no significant 
differences in the quantitative features of the dermatoglyphs 
were observed; therefore, all these individuals comprised the 
group of people with Down syndrome.

The quantitative characteristics of the dermatoglyphs of 
the digits of men with Down syndrome and men with a normal 
karyotype are compared in Table 1. The results of the Mann-
Whitney test (U’) indicate a significant difference between men 
with Down syndrome and the control group for the number of 
epidermal ridges on FRR2 (P <0.001), and on FRR5  (P <0.011) of 
the right hand, while on the left hand for the number of epidermal 
ridges on FRL1 (P=0.003), and for FRL3  (P =0.0014), as well as 
for the TFRL variable of the left hand (P =0.042).

The TFRC in males with Down syndrome was 127.13, 
while it was 116.88 in males from the control group. Even 
though the TFRC of men with Down syndrome was higher 
than that of men in the control group, the t-test reveals no 
significant difference (P=0.0816). 

Fig. 1. Karyotype of the child with free trisomy 
of chromosome 21 (47,XY,+21).

Fig. 2. Child with trisomy 21 with Robertson’s 
translocation between chromosomes 14 and 21: 46,XX, 
rob (14;21) (q10;q10), +21 mat.

Table 1. 
The quantitative characteristics of the dermatoglyphs of the 
fingers between men with Down syndrome and men with a normal 
karyotype.

Variable

Down syndrome 
Male

(n=54)

Control group
Male

(n=201)
Mann-Whitney

test or T-test P-value

Mean SD Mean SD
FRR1 18.24 6.15 17.10 5.72 U’=5939.5 0.287
FRR2 12.37 4.89 9.17 6.16 U’=3860 0.001
FRR3 11.96 3.69 10.17 5.17 U’=4590.0 0.082
FRR4 11.46 4.52 13.09 5.55 U’=4130.0 0.071
FRR5 10.22 4.16 11.16 4.60 U’=4668.0 0.011
TFRR 64.26 17.27 60.70 20.41 t=1.173 0.242
FRL1 16.85 6.80 14.35 5.73 U’=6860.5 0.003
FRL2 11.74 4.93 8.17 5.99 U’=7270.5 0.0001
FRL3 12.59 3.70 9.80 5.46 U’=6961.0 0.0014
FRL4 11.85 4.44 12.91 5.49 U’=6366.0 0.051
FRL5 9.83 4.54 10.95 4.28 U’=6274.0 0.078
TFRL 62.87 16.74 56.18 20.57 U’=6405.5 0.042
TFRC 127.13 32.12 116.88 39.70 t=1.749 0.0816
PIR1 1.17 0.42 1.45 0.56 U’=6961.0 0.0012
PIR2 1.00 0.27 1.22 0.58 U’=6571.0 0.0149
PIR3 1.02 0.14 1.12 0.45 U’=6006.0 0.209
PIR4 1.13 0.34 1.49 0.53 U’=7380.0 <0.0001
PIR5 1.07 0.33 1.18 0.38 U’=5979.0 0.232
TPIR 5.39 0.94 6.46 1.70 U’=7585.5 <0.0001
PIL1 1.09 0.40 1.32 0.56 U’=6613.5 0.0119
PIL2 1.04 0.27 1.21 0.59 U’=6357.0 0.0479
PIL3 1.02 0.14 1.11 0.49 U’=5954.5 0.2554
PIL4 1.24 0.43 1.35 0.51 U’=6030.0 0.2005
PIL5 1.07 0.33 1.19 0.50 U’=5928.5 0.272
TPIL 5.46 1.02 6.18 1.82 U’=6825.5 0.0035
TPII 10.85 1.73 12.64 3.32 U’=7386.5 <0.0001
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The test results (Table 1) reveal significant differences 
between men with Down syndrome and the control group 
for the number of triradius on the PIR1(P=0.0012), PIR2 
(P=0.0149), PIR4 (P<0.0001), TPIR (P<0.0001), PIL1 
(P=0.0119), PIL2 (P=0.0479), TPIL (P=0.0035), and for the 
total number of triradius in both hands TPII (P<0.0001).

In Table 2, the quantitative characteristics of palmar 
dermatoglyphs are compared between men with Down 
syndrome and men with normal karyotypes. The results of the 
U’ test show a significant difference between men with Down 
syndrome and the control group for the number of epidermal 
ridges between the triradius a and b of the right hand (a-b rc R) 
(P=0.0189) and for the number of epidermal ridges between 
the triradius c and d of the right hand (c-d rc R) (c-d rc R) 
(P=0.0002), as well as for the number of epidermal ridges for 
the variable TPR3 (P=0.025).

In the U´ test between men with Down syndrome and 
the control group, significant differences were observed for 
the size of the atd angle right (atd R) (P<0.0001) and the atd 
angle left (atd L) (P<0.0001), and the total atd angle for both 
hands (atdT) (P<0.0001) (Table 2).

In Table 3, the quantitative characteristics of finger 
dermatoglyphs are compared between women with Down 
syndrome and women with normal karyotypes. The U’ test 
revealed statistically significant differences between women 
with Down syndrome and the control group in terms of the 
number of epidermal ridges on FFF1 (P=0.001), FRR3 
(P=0.0013), and FRR4 of the right hand (P=0.019). For the 
left hand, there were significant differences in the number of 
epidermal ridges on FRL1 (P<0.0001), FRL2 (P=0.0005), 

FRL3 (P=0.0003), and the TFRL variable (P=0.0045). The 
TFRC in females with Down syndrome was 126.16, whereas 
it was 111.37 in the control group (P=0.0419). The U’ test 
(Table 3) revealed significant differences between females 
with Down syndrome and the control group in terms of the 
number of PIR2 (P=0.021) and the TPIR (P=0.0278).

In Table 4, the quantitative characteristics of palmar 
dermatoglyphs are compared between women with Down 
syndrome and women with normal karyotypes. The U’ test 
showed significant differences between females of the two 
studied groups for the ridge count of the right hand (b-c rc R, 
P=0.0316; c-d rc R, P<0.0001) and the total palmar ridge count 
of the right hand (TPRR) (P=0.016). In the left hand of women, 
the U’ test showed significant differences in the TPRL variable 
(P=0.0199) and the TPRC variable (P=0.0043). Significant 

Table 2. 
The quantitative characteristics of palmar dermatoglyphs between 
males with Down syndrome and men with a normal karyotype.

Variable

Down syndrome
Male

(n=54)

Control group
Male

(n=201)
Mann-Whitney

test or T-test P-value

Mean SD Mean SD
a-b rc R 35.07 7.99 37.29 5.51 t=2.363 0.0189
b-c rc R 24.63 6.16 25.30 5.52 U’=5806.0 0.431
c-d rc R 37.61 8.43 33.83 6.17 U’=7251.5 0.0002
TPRR 97.31 16.90 96.42 12.02 t=0.443 0.657
a-g rc L 38.00 6.79 38.72 5.58 U’=5718.0 0.546
b-c rc L 23.98 6.44 24.82 5.13 U’=6119.0 0.151
c-d rc L 33.26 9.75 32.85 6.19 U’=5834.0 0.3982
TPRL 95.24 17.93 96.39 12.12 t=0.553 0.581
TPRC 192.56 32.92 192.81 23.37 t=0.064 0.949
TPR 1 73.07 13.38 76.01 10.18 t=1.753 0.0808
TPR 2 48.61 11.57 49.86 10.54 t=0.757 0.449
TPR 3 70.87 15.45 66.68 11.18 t=2.242 0.025
atd R 81.07 14.68 46.44 9.03 U’=10492 <0.0001
atd L 80.83 18.96 46.15 8.54 U’=10028 <0.0001
atd T 161.91 30.13 92.60 16.71 U’=10569 <0.0001

Table 3.
The quantitative features of the dermatoglyphs of the fingers 
between women with Down syndrome and women with a normal 
karyotype.

Variable

Down syndrome
Female
(n=50)

Control group
Female
(n=202)

Mann-Whitney
test or T-test P-value

Mean SD Mean SD
FRR1 17.46 5.78 14.63 5.50 U’=3540.0 0.001
FRR2 11.74 3.84 9.89 6.11 U’=4309.5 0.108
FRR3 12.18 3.83 9.76 5.00 U’=3567.0 0.0013
FRR4 11.04 5.10 13.04 5.39 U’=3970.0 0.019
FRR5 9.28 4.55 10.47 5.00 U’=5801.0 0.104
TFRR 61.70 15.90 57.78 22.00 U’=5447.0 0.390
FRL1 17.32 5.84 12.85 5.33 U’=7450.5 <0.0001
FRL2 12.24 5.08 8.87 6.35 U’=6645.5 0.0005
FRL3 13.64 4.49 10.01 5.87 U’=6725.5 0.0003
FRL4 12.00 5.29 12.24 5.49 U’=5256.0 0.656
FRL5 9.26 3.89 10.22 4.88 U’=5796.0 0.1062
TFRL 64.46 18.54 54.19 22.67 U’=6363.0 0.0045
TFRC 126.16 32.75 111.37 43.99 U’=5989.5 0.0419
PIR1 1.26 0.53 1.34 0.55 U’=5445.0 0.348
PIR2 1.04 0.35 1.25 0.60 U’=6065.0 0.021
PIR3 1.02 0.25 1.08 0.38 U’=5344.5 0.505
PIR4 1.20 0.45 1.36 0.53 U’=5829.0 0.085
PIR5 1.08 0.44 1.10 0.33 U’=5120.0 0.875
TPIR 5.60 1.39 6.13 1.64 U’=6061.5 0.0278
PIL1 1.24 0.52 1.31 0.56 U’=5386.0 0.459
PIL2 1.08 0.40 1.15 0.67 U’=5430.0 0.403
PIL3 1.08 0.34 1.08 0.45 U’=5088.5 0.9319
PIL4 1.22 0.51 1.29 0.52 U’=5388.0 0.455
PIL5 1.14 0.35 1.12 0.37 U’=5146.5 0.828
TPIL 5.76 1.51 5.95 1.84 U’=5457.5 0.376
TPII 11.36 2.72 12.08 3.27 U’=5827.0 0.0921
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differences were also revealed for TPR2 (P=0.0421) and 
TPR3 (P=0.0008). Through the U’ test, significant differences 
were observed between the women with Down syndrome and 
the women of the control group for the size of the atd angle 
right [atdR] (P<0.0001), atd angle left [atdL] (P<0.0001), and 
total atd angle for both hands (atdT) (P<0.0001) ( Table 4).

Discussion
All types of chromosomal aberrations have an impact 

on the development of dermatoglyphs, which changes both 
their quantitative and qualitative characteristics. It is generally 
believed that autosomal chromosome aberrations alter the 
frequency of finger folds and the triradius of hands, whereas 
sex chromosome aberrations alter the number of embryonic 
ridges.(20-22) Down syndrome is characterized by an increase in 
the frequency of ulnar folds on the fingers, a widening of the 
atd angles in both hands (up to 163°), and a decrease in total 
finger ridge count (TFRC). 

Contrary to the findings of other authors, our study 
revealed that the TFRC variable was higher in people with 
Down syndrome than in people without the condition, for both 
men (127.13 vs. 116.88, P=0.0816) and women (126.13 vs. 
111.37, P=0.0419). 

According to the findings of our study, men and 
women with Down syndrome had wider atdT angles in both 
hands than men and women in the control group: 161.91° vs. 

92.60° in men (P<0.0001) (Table 2) and 165.48° vs. 94.75° 
in women (P<0.0001) (Table 4). 

The findings in our work for the atdR, atdL, and atdT 
for males and females with Down syndrome are generally 
similar to the values found in other populations. In our study, 
significant differences were discovered for 40 dermatoglyphic 
variables when the quantitative characteristics of cases with 
Down syndrome and control cases were compared (Tables 
1-4). Significant differences were found in 14 dermatoglyphic 
variables between men with Down syndrome and men 
with a normal karyotype when comparing the quantitative 
characteristics of the fingers (FRR2, FRR 5, FRL 1, FRL 2, 
FRL 3, TFRL, PIR 1, PIR 3, PIR 4, TPIR, PIL 1, PIL 2, TPIL, 
and the TPII) (Table 1).

Six dermatoglyphic variables (a-b rc R, c-d rc R, TPR 
3, atd R, atd L, and atd T) on the palms of the hands of males 
from the two groups were found to be significantly different 
(Table 2). 

Ten dermatoglyphic variables (FRR 1, FRR 3, FRR 4, 
FRL 1, FRL 2, FRL 3, TFRL, TFRC, PIR 2, and TPIR) were 
found to be significantly different between females with Down 
syndrome and those with a normal karyotype (Table 3).

When the palms of the hands of females in the two groups 
were compared, 11 of the dermatoglyphic variables (b-c rc R, 
c-d rc R, TPRR, a-b rc L, TPRL, TPRC, TPR 2, TPR 3, atd R, 
atd L, and atd T) showed significant differences (Table 4).

It appears that the genes necessary for the development 
of dermatoglyphs are related to chromosome 21, based on 
the presence of 40 dermatoglyphic variables with significant 
differences. The presence of the additional chromosome 21 in 
the karyotype of people with Down syndrome is the reason for 
these notable variations in the quantitative characteristics of 
the dermatoglyphs.

According to our research findings, the size of atd angles 
is the factor that most closely identifies people with Down 
syndrome. So, when developing techniques for screening for 
Down syndrome, the atd angle should be considered.

A diagnosis of Down syndrome can be made with 
an accuracy of up to 88% when the atd angle is the sole 
diagnostic criterion.(23) It is possible to make the diagnosis of 
Down syndrome with a reliability (probability) of up to 90% 
if the other factors that are distinctive to Down syndrome are 
also taken into account.(24)

We believe that the dermatoglyphic approach can be 
utilized as an additional way of diagnosing children with Down 
syndrome, especially in low-income countries. This would 
be a quick-to-implement, orienting diagnosis of the child 
suspected of having Down syndrome for further karyotype 
analysis that will lead to the establishment of the definitive 
diagnosis and the identification of the type of trisomy 21. 
Dermatoglyphic analysis is one of the cheapest, fastest, and 
non-invasive diagnostic techniques.(25)

Conclusions
The following conclusions were reached after comparing 

the dermatoglyphs of Down syndrome sufferers with those of 
the control group:

Table 4. 

The quantitative characteristics of palmar dermatoglyphs 
of women with Down syndrome and women with a normal 
karyotype.

Variable

Down syndrome
Female
(n=50)

Control group
Female
(n=202) Mann-Whitney

test or T-test P-value

Mean SD Mean SD

a-b rc R 35.92 5.96 37.00 5.24 U’=5418.5 0.4251

b-c rc R 27.48 6.10 25.41 5.24 U’=6042.5 0.0316

c-d rc R 38.94 7.03 33.70 6.77 U’=7127.5 <0.0001

TPRR 102.34 13.42 96.11 12.09 t=3.192 0.016

a-g rc L 39.28 5.91 37.98 5.13 U’=5838.5 0.087

b-c rc L 26.14 5.48 24.90 5.43 U’=5671.0 0.178

c-d rc L 34.92 7.47 32.78 6.28 U’=5909.0 0.0628

TPRL 100.34 13.86 95.64 12.39 t=2.342 0.0199

TPRC 202.68 25.75 191.75 23.58 t=2.88 0.0043

TPR1 75.20 10.49 74.98 9.48 U’=5324.5 0.5527

TPR2 53.62 10.97 50.30 10.10 t=2.043 0.0421

TPR3 73.86 12.35 66.49 12.23 U’=6606.5 0.0008

atdR 82.02 12.47 47.31 8.50 U’=9828.0 <0.0001

atdL 83.46 13.76 47.45 8.40 U’=9789.5 <0.0001

atdT 165.48 24.40 94.75 16.29 U’=10569.0 <0.0001
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1. Compared to the control group’s males and females, 
the males and females with Down syndrome exhibit wider 
atdT angles (161.91° vs. 92.60° [P<0.0001] and 165.48° vs. 
94.75° [P<0.0001], respectively).

2. One of the most distinctive characteristics of Down 
syndrome is the breadth of the atd angle, which should be 
taken into consideration while developing procedures for 
detecting the condition.

3. The values of the TFRC variables of the males 
(127.13) and females (126.16) with Down syndrome were 
higher than those of the males (116.88) and females (111.37) 
in the control group.

4. When the quantitative dermatoglyphic features 
of men with Down syndrome and the control group were 
compared, significant differences were discovered in 20 of 
the dermatoglyphic variables. Significant differences were 
discovered in 21 of the dermatoglyphic variables when the 
features of women with Down syndrome and the control 
group were compared. The trisomy 21 condition in people 
with Down syndrome is the cause of these notable differences.
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Abstract
Background: Cheiloscopy (lip-print studies) is an important tool for the identification of human bodies in social and criminal 

issues. Lip prints present the labial mucosa with characteristic grooves and lines specific to every person. The purpose of this study 
was to analyze the lip prints among an adolescent sample of the Albanian population in Kosovo, to determine the most prevalent 
lip-print pattern in both genders, and to determine if there are any differences between male and female lip prints. 

Methods and Results: A total of 100 adolescents aged from 12 to 18 were randomly selected from schools in southeastern 
Kosovo. The lip prints were classified according to Suzuki and Tsuchihashi’s classification (1970). For the analysis, the lips were 
divided into four quadrants: right upper quadrant, left upper quadrant, right lower quadrant, and left lower quadrant. The analysis 
was done using a magnifying glass.

In the present study, the slightly prevalent lip-print pattern among all subjects was Type II (25.0%), followed by Type I 
(20.0%), Type III (17.0%), Type IV (16.0%), Type I′ (16.0%), and Type V (6.0%). The lip prints of Type IV were slightly more 
common in female subjects (24.0%), followed by Type II (20.0%), Type I (18.0%), Type III (18.0%), Type I′ (12.0%), and Type 
V (8.0%). Type II was slightly more common in male subjects (30.0%), followed by Type I (22.0%), Type I′ (20/0%), Type 
III (16.0%), Type IV (8.0%), and Type V (8.0%). However, some differences between the sexes, with a tendency toward the 
predominance of Type IV in women and Type II in men, were not statistically significant, and there was no significant difference 
between the lip patterns by quadrants in women and men. (International Journal of Biomedicine. 2023;13(3):143-147.)
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Introduction
The biological phenomenon of systems of furrows on 

the red part of human lips was first noted by anthropologists. 
R. Fischer was the first to describe it in 1902. Lip prints are 
unique, like fingerprints, for individuals. Apart from identifying 
and evidential use, lip prints may also be used in detection 
work, being the source of criminalistic information.(1) No lip-

print pattern is the same, even in identical twins.(2,3) Personal 
identification as an integral part of forensic science is an 
important and challenging task. Many methods are employed 
for identification. Lip grooves are a very good source for 
identification processes. This is a simple technique, a reliable, 
non-invasive, time-friendly mode that can be used successfully 
in human identification.(4-6) Braga et al.(7) concluded that no 
pair of lip-print patterns relate to each other. Domiaty et al.(2) 

showed that the lip-print pattern is unique for each individual, 
even in twins.

Saraswathi et al.(3) studied the lip prints of different 
individuals in different parts of the lips. Each pair of lips 
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was divided into four compartments (quadrants), with two 
compartments on each lip, and were allotted the digits 1-4 in 
a clockwise sequence starting from the subject’s upper right.  
In the overall study, no individual had a single type of lip print 
in all four compartments, and no two or more individuals 
had a similar type of lip-print pattern. It was found that an 
intersecting pattern was most common, both among males and 
females, having 39.5% and 36.5%, respectively. However, in 
the fourth quadrant, a branched pattern was common (24%).

The primary objective of the study by Remya et al.(8) was 
to determine the uniqueness of lip prints, to identify the most 
common type, and to determine the gender difference in the 
lip-print pattern. Lip prints collected were classified based on 
the classification scheme proposed by Suzuki and Tsuchihashi 
(9) into six types (Type I: A clear-cut groove running vertically 
across the lip; Type I′: Partial-length groove of Type I; Type 
II: A branched groove; Type III: An intersected groove; Type 
IV: A reticular pattern; Type V: Other patterns). The majority 
of the study population from Kerala State, India,(8) belonged to 
Type IV (26%) and Type Iˈ (23.5%). Type V (7.5%) was the 
minor type. Type II (33%) was common in females, and Type 
IV (38%)was common in males, with statistically significant 
differences (P<0.001). No two lip prints of the same type 
matched each other. The authors concluded that the lip print 
pattern of an individual is unique, and that there is a sex-
related difference.   

The purpose of this study was to analyze the lip prints 
among an adolescent sample of the Albanian population in 
Kosovo, to determine the most prevalent lip-print pattern in 
both genders, and to determine if there are any differences 
between male and female lip prints. 

Materials and Methods
A total of 100 adolescents aged from 12 to 18 were 

randomly selected from schools in southeastern Kosovo. All 
surveyed were healthy, without inflammation, deformities, 
surgical scars, or active lesions on the lips, and without 
hypersensitivity to cosmetic products. Materials for data 
collection included red color lipstick, cellophane tape, white 
paper A4, tissue paper to remove the lipstick, and scissors 
(Figure 1). Lip impressions were taken with red lipstick by Flor 
Mar. The lips were rubbed with tissue paper, and the lipstick 
was applied with cotton wool on the upper and lower lip. A 
piece of cellophane tape was positioned on the lips without 
pressure, and lip prints were taken with cellophane tape in 
the relaxed position of the lips. Each paper with a lip print 
was coded (Figure 2). For the analysis, the lips were divided 
into four quadrants: right upper quadrant (RUQ), left upper 
quadrant (LUQ), right lower quadrant (RLQ), and left lower 
quadrant (LLQ). The analysis was done using a magnifying 
glass. The lip prints were classified according to Suzuki and 
Tsuchihashi’s classification.(11)

Statistical analysis was performed using the statistical 
software package SPSS version 23.0 (SPSS Inc, Armonk, NY: 
IBM Corp). 

The study protocol was reviewed and approved by 
the Faculty of Dentistry Ethics Committee at Ss. Cyril and 

Methodius University in Skopje (N #02-150115) and the 
Ethics Committee of the Dental Chamber of Kosovo, Republic 
of Kosovo (N #19). All participants provided written informed 
consent. All participants provided written informed consent.  

Results
In the present study, the slightly prevalent lip-print 

pattern among all subjects was Type II (25.0%), followed by 
Type I (20.0%), Type III (17.0%), Type IV (16.0%), Type I′ 
(16.0%), and Type V (6.0%). The lip prints of Type IV were 
slightly more common in female subjects (24.0%), followed 
by Type II (20.0%), Type I (18.0%), Type III (18.0%), Type 
I′ (12.0%), and Type V (8.0%). Type II was slightly more 
common in male subjects (30.0%), followed by Type I 
(22.0%), Type I′ (20/0%), Type III (16.0%), Type IV (8.0%), 
and Type V (8.0%). There was no significant difference in the 
lip patterns between male and female subjects (Fisher’s exact 
test = 6.864, P=0.233 / Monte Carlo Sig. (2-sided) / 0.222 – 
0.244 /) (Table 1).

Fig. 1. Technique for data collection.

Fig. 2. Lip print patterns.
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The lip pattern in female subjects (Table 2) in four 
different lip quadrants was as follows: In RUQ, Type IV was 
slightly more common (28.0%), followed by Type II (20.0%), 
Type III (18.0%), Type I (14.0%), and Type I′ (14.0%), and 
Type V was the rarest (8.0%). In LUQ, Type IV was slightly 
more common (24.0%), followed by Type II (20.0%), Type 
III (20.0%), Type I (14.0%), Type V (12.0%), and Type I′ was 
the rarest (10.0%). In LLQ, Type I was slightly more common 
(24.0%), followed by Type II (24.0%), Type IV (22.0%), Type 
III (12.0%), Type I′ (10.0%), and Type V was the rarest (8.0%). 
In RLQ, Type II was slightly more common (28.0%), followed 
by Type IV (22.0%), Type III (16.0%), Type I′ (14.0%), Type 
I (12.0%), and Type V (8.0%) was the rarest. There was no 
significant difference between lip-print patterns by quadrants 
in female subjects (Fisher’s exact test = 6.387, P=0.979) / 
Monte Carlo Sig. (2-sided) / 0.976 – 0.983 /). 

The lip patterns in male subjects (Table 3) in four 
different lip quadrants was somewhat different than those in 

female subjects. In RUQ, Type I′ was slightly more common 
(24.0%), followed by Type I (22.0%), Type II (18.0%), Type 
III (18.0%), Type IV (12, 0%), and Type V was the rarest 
(6.0%). In LUQ, Type II was slightly more common (22.0%), 
followed by Type I (18.0%), Type I′ (18.0%), Type III (18.0%), 
Type IV (18.0%), and Type V was the rarest (6.0%). In LLQ, 
Type II was also slightly more common (28.0%), followed by 
Type I (20.0%), Type I′ (20.0%), Type III (16.0%), Type IV 
(10,0%), and Type V was the rarest (6,0%). In RLQ, Type II 
was also slightly more common (32,0%), followed by Type I 
(24,0%), Type III (18,0%), Type I′ (14,0%), Type IV (8,0%), 
and Type V was the rarest (4.0%). There was no significant 
difference between lip-print patterns by quadrants in male 
subjects (Fisher’s exact test = 6.970, P=0.967 / Monte Carlo 
Sig. (2-sided) / 0.962 – 0.971 /).

Discussion
In the present study, the slightly prevalent lip-print 

pattern among all subjects was Type II (25.0%), followed by 
Type I (20.0%), Type III (17.0%), Type IV (16.0%), Type I′ 
(16.0%), and Type V (6.0%). 

Various studies have shown different predominant 
lip patterns among the population. The most prevalent lip-
print pattern in the Iranian population, according to a study 
conducted by Moshfeghi et al.,(10) was Type V (33.16%), and 
less prevalent was Type III (2.60%). In contrast to this result, 
Manikya et al.(11) noted that in Kerala and Manipuri populations 
Type III was the most prevalent (45% and 38%, respectively). 
According Šimović et al.,(12) in the Croatian population, Type 
II (40.0%) was predominant in females, while in males, the 
predominant pattern was Type III (35.0%). Haroun et al.,(13) in 
a sample of the Sudanese population, found that the prevalent 

Table 1.
Patterns of lip prints in female and male subjects.

Gender  Lip prints
Total

Type I Type I′ Type II Type III Type IV Type V

Female n 9 6 10 9 12 4 50

% 18.0% 12.0% 20.0% 18.0% 24.0% 8.0% 100%

Male n 11 10 15 8 4 2 50

% 22.0% 20.0% 30.0% 16.0% 8.0% 4.0% 100%

Total n 20 16 25 17 16 6 100

% 20.0% 16.0% 25.0% 17.0% 16.0% 6.0% 100%

Table 2.
Patterns of lip prints in female subjects.

Lip 
print

Quadrants 
Total 

RUQ LUQ LLQ RLQ

Type I     n 7 7 12 6 32

                % 14.0% 14.0% 24.0% 12.0% 16.0%

Type I′    n 7 5 5 7 24

                % 14.0% 10.0% 10.0% 14.0% 12.0%

Type II    n 10 10 12 14 46

                % 20.0% 20.0% 24.0% 28.0% 23.0%

Type III   n 8 10 6 8 32

                 % 16.0% 20.0% 12.0% 16.0% 16.0%

Type IV   n 14 12 11 11 48

                 % 28.0% 24.0% 22.0% 22.0% 24.0%

Type V    n 4 6 4 4 18

                 % 8.0% 12.0% 8.0% 8.0% 9.0%

Total        n 50 50 50 50 200

                 % 100.0% 100.0% 100.0% 100.0% 100.0%

Table 3.
Patterns of lip prints in male subjects

Lip 
print

Quadrants 
Total 

RUQ LUQ LLQ RLQ

Type I     n 11 9 10 12 42

                % 22.0% 18.0% 20.0% 24.0% 21.0%

Type I′    n 12 9 10 7 38

                 % 24.0% 18.0% 20.0% 14.0% 19.0%

Type II     n 9 11 14 16 50

                 % 18.0% 22.0% 28.0% 32.0% 25.0%

Type III    n 9 9 8 9 35

                 % 18.0% 18.0% 16.0% 18.0% 17.5%

Type IV    n 6 9 5 4 24

                  % 28.0% 24.0% 22.0% 22.0% 24.0%

Type V     n 3 3 3 2 11

                  % 6.0% 6.0% 6.0% 4.0% 5.5%

Total        n 50 50 50 50 200

                 % 100.0% 100.0% 100.0% 100.0% 100.0%
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lip print pattern was Type I′. In the North Indian population, 
Type I (32.33%) appears to be the most predominant lip 
pattern, according to a study conducted by Randhawa et al.(14) 

The most common type among Pondicharry males was 
Type III, whereas, in females, it was Type II, according to a 
study conducted by Kumar et al.(15).  Negi et al.(16) found that 
in the North Indian population, the branched pattern (Type II) 
in males and the vertical pattern (Type I) in females were the 
predominant lip print patterns. 

In a study by Malik et al.,(17) performed on the Indian 
population, Types I and I’ were most common in females, 
but Types IV and V were seen most commonly in males. 
Around 48 of 50 females and 45 of 50 males were correctly 
recognized based on lip prints. The authors concluded that lip 
prints can be used to determine gender. A study by Sharma et 
al.(18) aimed to ascertain whether lip prints hold the potential 
to determine the sex of an individual from the configuration. 
The study included 40 students of Subharati Dental College, 
20 males and 20 females, aged between 20 and 30 years. The 
results obtained showed no two lip prints matched with each 
other, Type I (I′) was most seen in females, whereas Type IV 
was seen most in males. According to that study, 18 of 20 
females were correctly recognized as females, and 17 of 20 
males were correctly identified as males, based on their lip 
prints. Thus, the authors concluded that lip prints are unique 
to an individual and hold the potential for recognizing the 
sex of an individual. A study by Nagalaxmi et al.(19) showed 
the uniqueness of the lip prints and rugae patterns, with the 
lip prints showing a sensitivity of 81.7% in predicting sex. A 
study by Tandon et al. (20) also showed that lip prints can aid in 
gender determination.

In contrast, Sandhu et al.(21) showed that among the 
Punjabi population, Type I pattern was found to be predominant 
in both males (51.02%) and females (43.47%), and there was 
no statistically observed difference between males and females 
in individual lip-print types. These data are consistent with our 
results regarding no difference between males and females in 
the character of lip prints.

A study conducted at Kasturba Medical College 
(Mangalore, India) (22) among 200 (100 North Indians and 100 
South Indians) randomly selected medical students between 18-
25 years showed that Type II was the most commonly occurring 
lip-print pattern and Type V was the rarest. In addition, Type 
I and Type I’ lip patterns were more common in males, and 
Type II, followed by Type III, Type IV, and Type V patterns 
were more common in females. At the same time, the revealed 
differences were typical for LUQ. Type III and Type IV 
patterns were predominant in North Indians, while Type II was 
predominant in South Indians. Results of the study showed that 
lip prints were related to sex and geographical distribution of 
the individual.

A study by Ghimire et al.(23) included a total of 200 
Nepalese undergraduate students. Type I pattern was 
predominant in all four quadrants among males. In females 
also Type I was predominant in LUQ, LLQ and RLQ, whereas 
in RUQ, Type II pattern was predominant.

The quadrant-wise predominant lip-print patterns among 
male and female Indian and Malaysian dental students were 

assessed in a study by Durbakula et al.(24) The dominant lip 
pattern in all four quadrants for Indians was Type II, and for 
Malaysians, it was Type I’; the differences were statistically 
significant (P<0.05).

Among the Goan population,(25) the predominant pattern 
in all four quadrants was Type V followed by Type I’ in RUQ, 
LUQ, and LLQ and Type I in RLQ. The distribution of patterns 
was not affected by sex. Thus, it is possible to note the ethnic 
features in the distribution of lip patterns; concerning gender 
differences, the existing data are contradictory.

In the present study, the most common lip pattern among 
subjects was Type II. However, some differences between the 
sexes, with a tendency toward the predominance of Type IV in 
women and Type II in men, were not statistically significant, 
and there was no significant difference between the lip patterns 
by quadrants in women and men.
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Abstract
Background: Recently, synthetic materials based on bioactive glasses have been in special demand in dental implantology, 

which, according to the mechanism of their action, are not only osteo-conductors, but also osteo-inductors. Of even greater 
interest is the fact that the biological degradation of these materials causes alkalization of the area and inhibits the growth of 
many pathogens. Considering the unique properties of this group of osteoplastic fillers and the problems associated with healing 
after guided bone regeneration, this study aimed to compare the effectiveness of using bioactive glasses S53P4 and 45S5 when 
performing vertical bone augmentation in an experiment applying a rabbit tibia model.

Methods and Results: Six adult outbred rabbits aged from 1.5 to 2 years and weighing from 2.5 kg to 3.2 kg were used in the study. 
A titanium mesh was used to perform a true vertical guided bone regeneration technique. In each animal, two titanium tents were placed: 
one on the left tibia and one on the right tibia. On the left limb, empty spaces were filled with bioactive synthetic bone filler NovaBone® 
Morsels (USA); on the right limb, we used a mixture of bioactive glass Bonalive® granules CMF (Finland) and mineralized bone 
MedPark Bone-D XB (Bovine Xenograft, South Korea) in a ratio of 1:1. The quantity and quality of regenerated tissues were assessed 
after 8-10 weeks. The NovaBone application has allowed a gain of 2.6±2.67 mm in extra-skeletal hard tissue growth. No signs of guided 
bone regeneration were observed in all cases of application of an osteoplastic mixture of Bonalive and Bone-D XB granules.

Conclusion: Within the limits of this study, it was found that the use of a mixture of bioactive glass Bonalive (S53P4) with 
bovine hydroxyapatite in a 1:1 ratio was not effective in vertically guided bone regeneration, but the application of NovaBone 
(45S5) could promote a new bone formation.(International Journal of Biomedicine. 2023;13(3):148-153.)
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Introduction
 Dental implantation has become a traditional and 

affordable method of mouth rehabilitation for a large number of 
patients. One of the main conditions for achieving satisfactory 
and stable results at the stage of healing and implant loading 
is considered to be an adequate volume of the alveolar 
ridge, which is necessary for the correct placement of the 
infrastructure. Therefore, to avoid serious clinical problems, 
the existing horizontal and vertical bone deficiency must be 
replenished using various tissue regeneration techniques.(1-8)

Guided bone regeneration (GBR) is one of the most 
widespread and studied methods for restoring lost bone. It has 
been established that the favorable formation of a new bone 

may occur in the absence of ingrowth of fibrous tissue and 
epithelium, while the migration of osteogenic cells into the 
site of a bone defect is maintained.(9-11) Therefore, the increase 
in the desired volume of bone tissue is difficult to predict due 
to the significant difference in the rate of osteogenesis and 
fibrogenesis.

In accordance with many studies, the success rate of 
the GBR technique depends on a positive coincidence of the 
following factors: primary wound closure, biocompatibility 
and bioactivity of a bone graft, volumetric maintenance of 
augmented part, and negligible connective tissue ingrowth.(9,10) 
However, from a practical viewpoint, it comes to the quality 
of materials used, operator skills, and individual response of 
the patient.
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It is believed that osteogenesis, osteo-induction, and 
osteo-conduction are the three main mechanisms of bone 
regeneration. To date, none of the known osteoplastic materials 
works in three directions, except for autogenous bone, which 
contains osteoblasts and necessary proteins and minerals 
for bone formation.(12-14) However, the main disadvantages 
associated with using autologous bone are additional surgery 
in the donor site, difficulty obtaining a sufficient amount of 
graft, morbidity, high resorption rate, and, not infrequently, 
the poor quality of transplant tissue.(15-18) In this regard, the 
development of new materials for predictable bone regeneration 
when applying a simultaneous or staged approach of implant 
placement in an augmented alveolar ridge remains relevant.

Recently, synthetic bone grafts based on bioactive glasses 
have been in special demand in implant dentistry. In terms of 
mechanism of action, they are both osteo-conductors and osteo-
inductors. Among the other unique properties of these bone 
substitutes is a multi-component chemical composition, which 
can be modified by adding certain oxides to the basic formula to 
impart distinctive properties to the graft. Also, these substitutes 
have the ability to form a strong bond with bone and chemical 
type of resorption without the participation of osteoclasts. A 
beneficial bacteriostatic feature of bioactive glasses is due to 
the increased pH at time of interaction with tissue fluid.(19-22)

The basic formula of any bioactive glass is mainly 
presented by oxides of SiO2, Na2O, CaO, and P2O5 in various 
proportions. This composition is considered traditional and 
is typical for the first generation of grafts, such as 45S5 and 
S53P4.(23)

Considering the significant advantages of bioactive 
glasses compared to other synthetic bone substitutes, since their 
discovery by Larry Hench, many experimental and clinical 
studies have been carried out to identify the opportunities for 
their field application.(21-23)

A review of scientific databases revealed a lot of 
knowledge on bioactive materials with the 45S5 composition at 
the preclinical and clinical stages of application. According to the 
results of several observations, they contributed to a significant 
increase in the volume of the alveolar ridge when using the 
GBR technique despite minor postoperative complications.(21,22)

Primary wound closure is among the main prerequisites 
for the successful outcome of bone grafting in the case of 
alveolar ridge augmentation. However, the technical sensitivity 
of surgery, along with the low regenerative capacity of injured 
soft tissues and the patient›s morbidity at the early stages of the 
healing period, may be the reason for wound dehiscence followed 
by suppuration and loss of the augmented site. That is why using 
bioactive bone grafts with pronounced antibacterial properties 
could help reduce the risk of infectious complications.(24-28)

Previously, it was found that bioactive osteoplastic 
material S53P4 may inhibit the growth of many aerobic and 
anaerobic pathogenic microorganisms and can integrate with 
living tissues after implantation through stimulation of a new 
bone formation.(29-32)

This study aimed to compare the effectiveness of using 
bioactive glasses S53P4 and 45S5 when performing vertical 
bone augmentation in an experiment applying a rabbit tibia 
model.

Materials and Methods
 Six adult outbred rabbits aged from 1.5 to 2 years and 

weighing from 2.5 kg to 3.2 kg were used in the study. Before 
and after surgery, the rabbits were kept separately in a room 
for experimental animals where the required temperature 
and humidity were maintained. The animals were fed with a 
standard laboratory diet.

All experiments were performed in accordance with 
the Guidelines for the Care and Use of Laboratory Animals 
(Laboratory Animal Resources Institute, 1996). The aim and 
methods of the research did not require the euthanasia of 
the animals at the end of the experiment. The study protocol 
was reviewed and approved by the Ethics Committee of the 
Tashkent State Dental Institute.

A titanium mesh (Oss Builder, Tutanium Membrane OB3 
Vertical 20[BW]×11[BL]×11[LL], Osstem Implant, Korea) 
was used to perform a true vertical guided bone regeneration 
technique. It was trimmed and bent in a standard manner to 
get the desired fit in each case. The shape of the experimental 
titanium tent resembled a rectangular basket (dimensions 
10-11[L]×5-6[W]×6-7[H] mm), which was fixed on the inner 
surface of the tibia upside down using four titanium screws (1-
1.2/3-4 mm, CONMET) (Fig. 1).

Therefore, in each animal, two titanium tents were 
placed: one on the left tibia and one on the right tibia. On the 
left limb, empty spaces were filled with bioactive synthetic 
bone filler NovaBone® Morsels (USA) (Fig. 2); on the right 
limb, we used a mixture of bioactive glass Bonalive® granules 
CMF (Finland) and mineralized bone MedPark Bone-D XB 
(Bovine Xenograft, South Korea) in a ratio of 1:1 (Fig. 3a, b).

Surgery was conducted under general intravenous 
anesthesia with 1% etaminal sodium solution in a dosage 
of 3ml/kg of body weight through the ear vein. The limbs 

Fig. 1. Titanium tent mounted on
the inner surface of rabbit tibia.

Fig. 2. Titanium tent filled with 
NovaBone granules.

Fig. 3a. Mixture of Bonalive 
and Bone-D XB granules.

Fig. 3b. Augmented site filled with 
a mixture of Bonalive and Bone-D 
XB granules.
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around the site of surgery were shaved and disinfected with a 
5% alcohol solution of iodine. Soft tissues were additionally 
infiltrated with 2-4 ml of 2% lidocaine hydrochloride solution 
before making a full-thickness incision.

The median incision was made longitudinally to the axis 
of the limb on the inner surface of the tibia down the knee joint 
by 1-1.5cm. The incision length in each case varied between 
4 and 5cm. After the skin-periosteal flaps were elevated and 
mobilized, a flat cortical surface of the tibia was exposed, and 
the titanium tent was securely screw retained. Augmented 
spaces were filled with osteoplastic materials in accordance 
with the study protocol. Flaps were repositioned and wounds 
closed in each case with interrupted sutures using absorbent 
suture material (Vicryl 4/0).

Reentry surgery was performed after 8-10 weeks. A 
trephine drill with an outer diameter of 5 mm was used to 
collect hard tissue samples from the augmented site. A biopsy 
was made under constant irrigation with saline solution at 
a handpiece rotation speed of 1200 rpm. The height of the 
obtained bone cylinders was measured in millimeters. The bone 
gains up from the cortex border were considered. For each 
sample, four measurements were made (Fig. 4 a, b). After that, 
tissue samples were fixed in a 10% neutral buffered formalin 
solution followed by decalcification, washing, and drying. 
Samples were then embedded in paraffin in accordance with the 
standard procedure. Sections of 4-6µm thickness were prepared 
from paraffin blocks and stained with hematoxylin and eosin. 
Light microscopy of tissues was performed using a Leitz HM-
LUX microscope (Germany).

Statistical analysis was performed using StatSoft 
Statistica v6.0. For descriptive analysis, results are presented 
as mean±standard deviation (SD). 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
At the time of reentry surgery, the general health 

condition of the animals was assessed as normal. In cases of 
using NovaBone, skin palpation over the augmented site of 
the tibia had no signs of pathology. In all animals, protruding 
portions of the left limbs were dense and immobile. However, 
examination of augmented sites on opposite limbs revealed 
fluctuation, and cold abscesses were diagnosed in three out of 

six cases. After drainage of cysts, the altered and granulomatous 
tissues were excised along with the titanium membranes, and 
wounds were thoroughly washed with a 0.05% chlorhexidine 
solution. No signs of guided bone regeneration were observed. 
In the remaining three cases of application of an osteoplastic 
mixture of Bonalive and Bone-D XB granules, there were 
fibrous and granulomatous tissues noted, nor was there any 
visual or histological evidence of a new bone formation. At 
the same time, vertically guided bone regeneration performed 
on the tibia was positive in all six animals after application of 
NovaBone bioactive granules (Fig. 5a). Despite no precedents 
of a complete graft maturation into a dense mineralized tissue, 
the average new bone gain was 2.6±2.67mm (Fig. 5b).

Microscopic examination of stained sections showed 
the presence of mature, viable bone tissue with a uniform 
distribution of osteocytes (Fig. 6a). Some sections showed 
residual biodegradable fragments of NovaBone granules 
surrounded by osteoid and woven bone (Fig. 6b). 

Discussion
The present study tested an extra-skeletal guided bone 

regeneration technique using a rabbit tibia model to assess 
the osteo-promotive capacity of applied bioactive glasses. 
Despite the difference in the mechanisms of ossification 
during embryonic development, the geometry of rabbit tibia 
and atrophied jawbone is very similar, which allows us to 
simulate a complicated clinical situation corresponding to the 
third class of alveolar ridge defects according to the Sibert 
classification.(33)

The main source of blood supply to the augmented site 
of the alveolar ridge is the residual bone. The surrounding 
soft tissues also take part in transporting nutrients and growth 
factors, but to a much lesser extent. The latter are associated 

Fig. 4a. Bone defect after tissue 
sampling from the augmented site 
of the tibia (NovaBone).

Fig. 4b. A tissue sample taken 
from the augmented site of rabbit 
tibia (NovaBone).

Fig. 5a. Augmented portion of
 rabbit tibia (NovaBone).

Fig. 5b. Regenerated bone and graft 
particles in granulomatous tissue 
(NovaBone).

Fig. 6a. Histological slice
taken from the augmented site
(H&E, ×40): non-mineralized
osteoid and newly formed bone
(NovaBone).

Fig. 6b. Histological slice
taken from the augmented site
(H&E, ×20): fragments of graft
surrounded by the osteoid matrix
and woven bone (NovaBone).
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with periosteal trauma during flap elevation and mobilization, 
the presence of a barrier membrane, and soft tissue edema at 
the initial stages of healing.(34-36)

Thus, the probability of incomplete bone graft 
remodeling into viable hard tissue during guided bone 
regeneration remains significantly high. According to the 
results of most studies, the amount of new bone gain ranges 
from 30%-70% of the total volume of the graft.(37-40)

In the present study, the NovaBone application has 
allowed a gain of 2.6±2.67 mm in extra-skeletal hard tissue 
growth. Generation of new bone was mainly noted around 
fixing screws and along the lower border of the titanium 
membrane. The unreacted portion of the osteoplastic graft was 
replaced by granulomatous and granulation tissues containing 
remnants of filler particles. A similar type of regeneration was 
noted earlier in other studies.(38-40)

On the other hand, the necessary gain in bone volume 
also depends on the type of membrane. It maintains the space 
for directed bone tissue growth despite using the particulate 
graft. For this purpose, commercially available titanium 
membranes were used in the present study. They were trimmed 
and bent into a three-dimensional structure resembling an 
inverted basket. It was retained with the help of four titanium 
screws on a flat surface of the tibia and filled with bone graft 
substitute.(40-41) Additional holes in the tibia cortex to induce 
bleeding from the marrow space were not made.

Titanium meshes are non-resorbable membranes and are 
widely used in oral and reconstructive surgery. They serve to 
increase the volume of the alveolar ridge as well. The most 
common titanium meshes are perforated and have a thickness 
of more than 100 µm, which gives sufficient rigidity to the 
structure and makes it possible to protect the internal space 
from external mechanical impact.(15,16,41,42)

The issue of perforation size in titanium membranes 
remains disputable. According to some studies, the presence 
of the 40-60 µm pores promotes the free transport of nutrients 
to the augmented site but does not prevent the ingrowth of 
fibrous tissue. Other data indicate the optimal perforation size 
of 20 µm because it still facilitates a free diffusion of tissue 
fluid and cell migration while obstructing connective tissue 
and epithelium invasion. Experimental studies have also been 
conducted on non-perforated hemispherical titanium caps, 
which have been used for vertical bone regeneration. Despite 
the paucity of data, most of these studies concluded in favor of 
non-perforated membranes due to the more significant growth 
of hard tissue.(42,43)

In the present study, titanium membranes of 0.3 mm 
thickness with a pore diameter of 0.5–1 mm were used. 
During the entire observation period, there was no incidence 
of titanium tent exposure. However, with respect to the new 
bone gain, there were significant differences between the 
bone substitutes. It was revealed that a mixture of Bonalive 
bioactive glass with bovine hydroxyapatite in a 1:1 ratio did not 
contribute to the formation of new bone and, in 50% of cases, 
was accompanied by the formation of cold abscesses, despite 
the results of previous microbiological studies indicating the 
bacteriostatic properties of this material.(29-32) At the same 
time, the use of NovaBone alone in all animals demonstrated 

the absence of infectious complications and the formation of 
new mineralized tissue. However, a complete transformation 
of the synthetic graft into a living bone was not achieved.

Thus, within the limits of this study, it was found that 
the use of a mixture of bioactive glass Bonalive (S53P4) 
with bovine hydroxyapatite in a 1:1 ratio was not effective 
in vertically guided bone regeneration, but the application of 
NovaBone (45S5) could promote a new bone formation.
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Abstract
This in vivo study was conducted to evaluate the antiviral activity of Arabian coffee (Coffea arabica) and green tea 

(Camellia sinensis) extracts against the influenza virus. High-performance liquid chromatography (HPLC) was used to determine 
the active components in each extract, and eighty experimental mice were treated. Electrophoresis was performed to detect protein 
expression, and reverse transcription-polymerase chain reaction (RT-PCR) was used to analyze gene expression and quantify viral 
RNA. Lung tissue histopathology was processed to observe pathological signs. Oral administration of all extracts reduced the viral 
quantification in mice lungs by 61.6% in the early phase of infection, measured by PCR. From the extracts tested, unroasted green 
Arabica coffee (AC) extract in protective groups showed remarkable body weight stability of 16.76 g, a survival rate of 100%, 
and healthier lung tissue, compared to other groups. The antiviral effects of the tested AC and GT (green tea) revealed that AC 
extracts induced veridical effects, increased body weight, and improved survival rate. Those natural extracts may interfere with 
viral replication and reduce virus infection. The observed anti-influenza activity demonstrated by reduced symptoms and increased 
survival rate in animal models suggests that AC extracts might be used as a promising prophylactic agent against influenza viral 
infections. The active compound in the unroasted green AC extract requires further in vitro analysis as to which viral proteins are 
targeted by the natural extract and which molecular mechanism this antiviral inhibition is interfering with.(International Journal 
of Biomedicine. 2023;13(3):154-161.)

Keywords: Influenza A virus • Coffea arabica • Camellia sinensis • RT-PCR • HPLC

For citation: Alfaifi S, Suliman R, Idriss MT, Aloufi AS, Alolayan E, Awadalla M, Aodah A, Asab OA, Al-Qahtani J, Mohmmed N, 
Alosaimi B. In vivo Evaluation of the Antiviral Effects of Arabian coffee (Coffea arabica) and Green Tea (Camellia sinensis) Extracts 
on Influenza A Virus. International Journal of Biomedicine. 2023;13(3):154-161. doi:10.21103/Article13(3)_OA18



155Sarah Alfaifi et al. / International Journal of Biomedicine 13(3) (2023) 154-161

Abbreviations
HPLC, high-performance liquid chromatography; RT-PCR, 
reverse transcription-polymerase chain reaction; AC, Arabica 
coffee; GT, green tea; CGA, chlorogenic acid

Introduction
Influenza A is a flu-causing pathogen that infects the 

respiratory system and has resulted in global pandemics such 
as the 1918 flu pandemic and the more recent 2009 swine flu 
pandemic.(1) The emerging variants of viruses are antiviral 
resistant and pose threats to existing drugs, leading to a demand 
for the discovery of therapeutic natural products to control 
and prevent viral infections.(2) Medicinal plants are the major 
source of novel therapeutic agents.(3) Recently, there have been 
numerous examples of remedies that originated from natural 
products,(4,5) and that have been widely used in the treatment 
of many diseases.(6) Many studies report that chlorogenic acid 
(CGA) has a wide antiviral effect against different viruses, 
including HIV,(7,8) adenovirus, hepatitis B virus,(9) and herpes 
simplex viruses,(10) and also inhibits inflammation caused by 
viral infection(5) and reduces serum hepatitis B virus level in 
vivo.(11) Numerous studies examined the effect of using GT and 
coffee after infection. However, they were mostly in vitro, with 
only a few studies in vivo. 

Some medicinal plant extracts contain many 
beneficial constituents, such as CGA, catechins, and 
caffeine, that have many protective properties, such as being 
antioxidant, anti-inflammatory, and antimicrobial, and are 
important in preventing respiratory infections.(6,7,12) Coffea 
arabica and Camellia sinensis have a high content of CGA 
and caffeic acid, in common with several traditional Chinese 
medicines.(9,13) They are one example of natural plants with a 
rich source of biologically active compounds and have shown 
different biological effects, not only as antioxidants and anti-
inflammatories, but as antifungal and anti-hyperglycemic 
agents.(14,15) 

Green tea (GT) has organic effects and contains effective 
components that promote health, such as catechins, theanine, 
and caffeine. In previous studies, it has shown antioxidant 
and anti-inflammatory properties. The most significant health 
benefit relevant to this study is its inhibitory effect on viruses, 
especially influenza, by inhibiting the activity of viral RNA 
to prevent replication and affect the Hemagglutinin gene.(5,10) 

Arabica coffee (AC) extracts have effective antiviral compounds. 
In green, unroasted AC, there is a high content of CGA, and 
brown-roasted AC contains caffeine. These components have 
been found to inhibit RNA viruses – more sensitive than DNA 
viruses – in a concentration used in hot drinks.(9,16)

The chemical structure and bioactive compounds of the 
tea and coffee inform about the inhibitory activity on viruses. 
CGAs are a family of esters formed between quinic acid 
and cinnamic acids, such as caffeic, ferulic, and p-coumaric 
acids.(17,18) Of CGAs, 5′-caffeoylquinic acid is the most 
abundant isomer in coffee. It has been observed that CGAs 
influence the inhibitory activity of neuraminidase, which 
effectively inhibits H1N1 and H3N2 in mice.(19) Caffeine is a 

methylxanthine (1,3,7-trimethylxanthine) that is structurally 
related to adenosine and acts primarily as an adenosine receptor 
antagonist with psychotropic and anti-inflammatory activities.
(20,21) In an in vivo study, increased doses of caffeine led to a 
decrease in viral protein expression and acted as a protective 
effect against the lethal challenge of Enterovirus A71.(22)  

Catechins are polyphenols that exhibit different amounts of 
phenolic rings attached by two or more hydroxyl groups. An in 
vivo study showed that mice treated with catechins enhanced 
CD8+ mediated adaptive immunity, reducing proinflammatory 
cytokine gene expression in the lungs and thus inhabiting 
influenza virus and SARS-CoV-1.(23,24)

Saudi Arabia was hit by outbreaks of influenza virus 
A-H1N1 from 2009 to 2011 and again from 2014 to 2016. 
This was also worsened by the MERS coronavirus epidemic in 
2012.(25,14) Since coffee and tea in Saudi Arabia are consumed 
in high quantities daily, and different roasting procedures 
might result in different compounds, this study was therefore 
conducted to explore the effect of AC and GT extracts in 
drinkable forms as a natural antiviral compound against 
influenza A virus infection in mice.

Materials and Methods
Animal Study and Influenza A virus Infection 
The study was carried out on eighty pathogen-free 

BALBc adult female mice provided by the animal house of 
King Saud University with an average weight of 17–20 g and 
aged from five to six weeks old. They were all housed in clean 
and properly ventilated cages under the same environmental 
conditions, with free access to food and water throughout the 
experiment. They were acclimatized to their environment at 
least two weeks before starting the experiment. 

The mice were divided into three major groups 
(protective, infected, control) and then sub-divided into three 
subgroups with 10 mice in each sub-group: Group 1 was 
described as ‘protective pre-infection’ (Subgroup 1a included 
mice treated with GT extracts, Subgroup 1b had mice treated 
with roasted brown AC extracts, and Subgroup 1c included 
mice treated with unroasted green AC extracts). Group 2 was 
infected with the influenza virus (Subgroup 2a included mice 
treated with GT extracts post-infection, Subgroup 2b had mice 
treated with roasted brown AC extract post-infection, and 
Subgroup 2c included mice treated with unroasted green AC 
extracts post-infection). Group 3 consisted of control groups: 
(a. negative control group consisting of asymptomatic mice, 
and b. infected mice). All mice, except for the normal control 
group, were infected by aerosol transmission. The influenza A 
infection dose used in this study was 106 TCID50 (50% tissue 
culture infectious dose), A/Denver/1/57(H1N1). The 1.5ml 
of purified aerosol was delivered to individual mice in each 
group, with one mouse in their cage for 10 minutes. Influenza 
symptoms were checked daily.

Sample Preparation for Caffeine, CGA, and Catechin 
Determination

Three natural extracts (GT, brown AC, and green AC) 
were purchased from a local market. Each sample was prepared 
every day in a drinkable concentration. The green tea and brown 
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and green AC samples were first ground. About 3 g of ground 
samples were added to 100 ml of distilled water, placed over 
a heater (100 °C), and then given to the mice. Extraction was 
carried out for 30 minutes. Then the solution was cooled. Next, 
1 ml of each extraction and 1ml of acetonitrile were added to 
each tube, vortexed for 1.5-minute, and then filtered through a 
disposable syringe filter (Chromafil Xtra PA-45/25) into HPLC 
vials for analysis, 10μ from each vial.(5)

High-performance liquid chromatography (HPLC) 
Separation of caffeine, CGA, and catechin was carried out 

by HPLC (Waters Alliance 2695 HPLC Separations Module-
SN: J18SM4916A-COO, the U.S.) using Xbrige waters C18 
250mm×4.6mm×5.0um HPLC column at wavelength detection 
210nm. The mobile phase condition was a gradient of 0.5% 
phosphoric acid in water mixed with methanol (70:30) v/v at 
a 0.55mL/min flow rate. The injection volume was 10µL; the 
retention time for catechins, CGA, and caffeine was 6.8 min, 7.5 
min, and 8.8 min, respectively. Quantification was determined 
using peak area and calculated from a five-point standard curve; 
standard curve points were prepared by dilution in methanol.

Preparation of Stock and Working Solution 
Caffeine, catechin, and CGA stock solutions were 

prepared by taking 1 ml of stock and 9 ml of distilled water. 
The working standards of the stock solution 0.1, 0.25, 0.5, 
1.0, and 1.5 ml were prepared by serial dilution with methanol 
(Tables 1, 2, 3). The content of caffeine, catechin, and CGA of 
the GT, and brown and green AC samples were calculated by 
interpolation within the regression equation of the best line of 
fit. The results were then presented in mg/ml.

Histopathology Tissue Processing 
Fixation and Clearing 
The first step was a fixation to denature the protein to 

render the cells and their components resistant. It was started 
by using formalin for two hours containing 70% ethanol and 
then 80% ethanol for two hours. The next step was 90% and 
95% ethanol for two hours. For clearing, we used xylene for 
two hours, washed it with alcohol, and then two more hours of 
xylene.(16) 

Embedding the Tissue 
After fixation, the tissue was supported by using 

paraffin wax to facilitate tissue cutting by using an embedding 
machine (Thermo Electron Corporation Shandon Histocentre 
SN:1293060904048, COO; the U.S.). Paraffin wax was 
dispensed, and the tissue was oriented in the mold, fixed to the 
bottom using the tamping tool, and then a cassette was placed on 
top of the mold and filled with wax. To solidify the paraffin wax, 
the tissue block was placed on a cold plate. Paraffin Section 
Cutting Sections were prepared by microtome (Thermo electron 
corporation Shandon-Finesse me+, SN: FN2076M0611, COO; 
the U.S.), starting with ERMA disposable Microtome Blades 
Patho Cutter-HP-R by trimming the surface of the block, then 
cutting 3–5µm thickness slices. The slices were placed in a 
water bath at 7 °C temperature, then slipped down the slide, 
removed vertically from the water, and left to dry in an oven for 
10 minutes.(26) 

Hematoxylin and Eosin Stain Tissue (H&E)
This step is carried out by following regressive HE stains. 

The slide sections are dipped into xylene baths for 5 minutes 

to hydrate the lung sections by decreasing the concentration 
of alcohol baths by 95% then 70% for 1 minute each, washed 
with distilled water, and then stained in Gill II hematoxylin 
for 3 minutes. The slide sections are then washed through 
running water for 2 minutes, then in distilled water and dipped 
in eosin for 4 minutes, then dehydrated in 95% EtOH. To 
remove excess eosin, slides were immersed in graded alcohols 
and then xylene. Once dehydration was completed, a drop of 
polystyrene mountant was applied, and a coverslip.(16,26) 

RNA Extraction 
RNA was extracted according to the manufacturer’s 

instructions of the RNA extraction kit of QIAGEN. All 
centrifuge steps were carried out at room temperature. The 
wash buffers AW1 and AW2 were prepared; 25ml of 96%-
100% ethanol was added to AW1, and 30ml of 96%-100% 
ethanol was added to AW2. A fresh lysis buffer AVL was 
prepared and added to 10μl 21 of 1-mercaptoethanol for 
every 1ml of lysis buffer. Tissue samples obtained from mice 
were caused to lyze by adding buffer AVL to motivate highly 
denaturing conditions, to ensure isolation of intact viral RNA, 
and, most importantly, to inactivate RNases. Buffer AW1 
was added, followed by buffer AW2 mixed gently by the 
vortex. 700μl of the sample was then transferred to the spin 
cartridge and centrifuged at 12,000g for 15 seconds at room 
temperature. The used filter was discarded, then RNA was 
eluted in a special RNase-free buffer AVE to prevent microbial 
growth. Pure viral RNA was obtained and stored until used.(27) 

Amplification of H1N1 Gene
Amplification was performed according to the thawing 

system (Applied Biosystems, Thermo Fisher Scientific Veriti 
96 well thermal cycler, SN:2990234516, COO: Singapore) 
component and mixed by inverting several times the specific 
primer used to detect the presence of the H1N1 virus. Except 
for RNA, the following components were mixed: 25μl of 
SuperScript III One-Step Reaction Mix (2X), 2μl SuperScript 
III One-Step Enzyme Mix (25X), 2μl of Forward Primer 
(10μM), 2μl of Reverse Primer (10μM), 14μl of Nuclease-free 
H2O, and 5V of total RNA (up to 1μg), with a total volume 
of 50μl. The RNA template was added last, and the reactions 
started immediately.(28,29) We amplified two PCR products using 
four primers. The first product had a length of 1264bp. The 
second amplicon or PCR product was 913bp long. Together 
they overlapped and covered the entire hemagglutinin gene 
length of 1710 bp.

Gel Electrophoresis 
The PCR products were visualized in 1% agarose gel, by 

mixing 1g agarose in 100ml 1×TAE buffer. The solution was 
boiled in a microwave for one minute. The solution was not over-
boiled so that the buffer and the final percentage of agarose in the 
gel were not affected  (Table 5). For the final concentration, 0.2-
0.5µg/ml ethidium bromide was added to show the bands bound 
to RNA under ultraviolet light. A gel tray with a well comb was 
prepared at room temperature. The agarose gel without bubbles 
was poured into the gel tray without bubbles. Solidification was 
completed within 20–30 minutes. The loading buffer was then 
added to each sample. As it contained glycerol, it increased the 
density of samples to prevent diffusing. The gel box was filled 
with a 1×running buffer. Five microliters of 1Kb plus the DNA 
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ladder molecular marker and the PCR product were loaded 
on the gel. Gel electrophoresis was performed at 120V and 
100mA for 60 minutes. Gel (Owl™ Easy Cast™ B1A Mini Gel 
Electrophoresis Systems, SN:300163431, COO: United States) 
pictures were recorded by Bio-Rad (Cheick touch Imaging 
Systems, SN:732BR1055, COO; Singapore).(30)

Statistical analysis was performed using the statistical 
software package SPSS version 26.0 (SPSS Inc, Armonk, 
NY: IBM Corp). The Kaplan-Meier (KM) method was used 
to analyze ‘time-to-event’ data. A probability value of P<0.05 
was considered statistically significant.

Ethical Considerations 
The proposal for research was approved by the 

Institutional Review Board, Faculty of Science, Princess Nourah 
Bint Abdulrahman University, IRB Registration number with 
KACST, KSA: H-01-R-059 and IRB Log Number: 19-0212. 
Research procedures were carried out in accordance with 
national and institutional regulations. Animal welfare, housing, 
husbandry, and pain management procedures complied with the 
relevant European Animal Research Association legislation.

Results
Qualification Analysis of All Extracts by HPLC 
The HPLC quantification analysis method showed good 

separation peaks for caffeine, catechin, and CGA in different 
retention times (Figure 1). The quantification measurement of 
the components in GT, green AC, and brown AC by HPLC 
analysis using a PDA detector was carried out (Figure 2). 
Caffeine concentration has the highest value in GT rather than 
in green AC or AC (Table 1). CGA concentration was highest 
in green AC, while catechin was highest in GT.

Effect of Extracts on Influenza Virus 
Subgroup 1c mice showed marked improved pulmonary 

sections manifested by fewer lesions of inflammatory cells 
(black arrow) and healthy lung tissue histopathology (Figures 
3 a, b, and c). 

Fig. 1. Chromatogram for active ingredient separation 
using HPLC.

Fig. 2. Component quantification in green tea, brown 
coffee, and green coffee by HPLC.

Table 1.
Caffeine, Chlorogenic acid, and Catechin peak area and 
concentration of green tea, brown and green coffee.

Name of sample Concentration
 (µg/mL)

Peak
area 

Final amount
 (mg/ml)

Caffeine

Green Tea 3.915 120891 0.026

Brown Coffee 56.732 357725 0.38

Green Coffee 66.534 420198 0.44

Chlorogenic
acid

Green Tea 827.680 1954683 5.518

Brown Coffee 23.180 525512 0.155

Green Coffee 22.075 499020 0.147

Catechin

Green Tea 7.199 1193816 0.048

Brown Coffee 5.196 155516 0.034

Green Coffee 4.619 136058 0.031

Fig. 3. (a) Negative control lung tissue. Bronchiole (Br), alveolar 
intersepta (black arrows) (H&E stain: 400 X). (b) Positive control 
lung tissue. Hemorrhage (H), hyaline membrane (green arrow) (H&E 
stain: 400x). (c) Protective GC lung tissue. Inflammatory cells (black 
arrow), edema (green arrow) (H&E stain: 400x). (d) Protective GT 
lung tissue. Hyperplasia (black arrow), edema (E) (H&E stain: 400x). 
(e) Protective BC lung tissue. Collapsed bronchioles (black arrows), 
leukocytic exudate (green arrow) (H&E stain: 400x). (f) Treated with 
GT lung tissue. Bronchiole (Br), alveolar intersepta (black arrows) 
(H&E stain: 400x). (g) Treated with BC lung tissue. Inflammation 
(black arrow), hyaline membrane (green arrow) (H&E stain: 400x). (h) 
Treated with GC lung tissue. Hemorrhage (H) destructed bronchiole 
cells (black arrow) (H&E stain: 400x). 
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In addition to steady body weight, there was a slight rise 
in lung weight and a stable survival rate (100%) compared 
to the positive and negative controls (Table 2). Subgroup 1b 
mice displayed some pathological changes represented by 
hyperplasia (black arrow) of bronchioles columnar epithelia, 
in addition to the formation of hyaline membranes and edema 
(Figure 3 (e). There was steady body weight, a slight rise 
in lung weight, and a small decrease in survival rate (80%) 
compared to the positive and negative controls. Subgroup 1a 
mice showed marked pathological alterations characterized by 
collapsed bronchioles (black arrow) filled with edema, as well 
as exudate of leukocytic infiltration (green arrow) (Figure 3 (d). 
Steady body weight, a slight rise in lung weight, and a stable 
survival rate (100%) were observed when compared with 
the positive and negative controls. Polyphenolic compounds 
present in all these extracts, particularly catechin, and CGA, 
are known to have strong anti-influenza activity by inhibiting 
various steps in the virus life cycle. Thus, unroasted green AC 
extracts showed the strongest antiviral activity, compared with 
roasted brown AC and GT. 

Subgroup 2c mice showed improvement, manifested 
by completely opened bronchioles and thin healthy alveolar 
septa (black arrow) (Figure 3 (h). However, Subgroup 2b mice 
showed severe alterations represented by thick alveolar septa 
due to the exudate of inflammatory cells, the formation of wide 

hyaline membranes, and great aggregations of inflammatory 
cells (black arrow) (Figure 3 (g). Furthermore, Subgroup 2a 
mice revealed adverse effects manifested by the destruction of 
the bronchiolar columnar epithelia (black arrow), in addition 
to wide areas of hemorrhage (Figure 3 (f).

Experimental Use of Mice 
Protective pre-infection subgroups were treated for two 

weeks before the infection with GT, brown AC, and green AC 
extracts. These mice were healthy and hyper-activated after the 
infection. The bodies of the mice were weighed daily. Lung 
weight was taken on day seven after infection initiation (Table 
2). We noticed from Days 2–5 that the mice experienced slight 
weight loss, hair redness, lack of energy, and eye and nose 
irritation (Figure 4 (a).

In infected subgroups, symptoms appeared within 
2-5 days: significant weight loss, hair redness, and eye and 
nose irritation (Figure 4 (b). In addition, there was an energy 
reduction, and the number of deaths increased sharply in 
infected groups. The mice were weighed daily, and lung 
weight was taken on Day 7 after infection initiation (Table 2).

PCR and Gel Electrophoresis
In addition to the results of lung tissue observations, 

survival rate analysis, and clinical observations, PCR products 
were not detected in Group 1. Supplementary Figure 1 shows 
negative PCR results for the H1N1 hemagglutinin (HA) gene 
analyzed for Subgroups 1a-c. For gel band quantification, we 
further analyzed the thickness of each band in Group 2 using 
ImageJ software (Table 3). The extracts showed the potent 
inhibition effect of influenza virus replication in the lungs of 
infected mice. 

The HA gene for H1N1 influenza viruses with expected 
PCR product (1264 bp) for Subgroups 1a-c and HA gene for 

Table 2.  
The measurement of body weight and lung weight in grams and the 
survival rate (%) of each group.

Group Subgroup Body
weight (g)

Lung 
weight (g)

Survival 
rate (%)

Protective group

1a) green tea 16.76 0.30 100

1b) brown coffee 15.70 0.36 80

1c) green coffee 16.73 0.33 100

Control group
a.) negative control 16.31 0.34 90

b.) positive control 12.21 0.41 30

Infected group

2a) green tea 13.88 0.34 40

2b) brown coffee 15.94 0.41 80

2c) green coffee 16.27 0.37 80

Fig. 4. Experimental Animals: (a) Mice infected with H1N1-
protective group. (b) Mice infected with H1N1-infected group. 
(c) Negative control-healthy mouse. (d) Positive control infected 
with H1N1.

Table 3.
Quantifying Hemagglutinin gene (HA) bands in infected groups showing the thickness of each band by using ImageJ software. 

Quantification of the HA gene bands  

Green Tea Brown Сoffee Green Сoffee Green Tea Brown сoffee Green Coffee Positive
Control

Negative
Control 

ImageJ
quantification 395055 232472 212829 212829 345785 337908 881860 128180
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H1N1 influenza viruses with PCR product (1264 bp) for 
Subgroups 2a-c (Figure 1). In Group 2, we observed flu-
like clinical signs. Following this observation, extracts were 
given, and weight loss, respiratory symptoms, and survival 
rates were recorded. In agreement with findings from the 
lung tissue when observing inflammatory cells, PCR results 
also showed bands HA  (1264 bp) representing the effect 
of treating mice with the extract after the onset of clinical 
symptoms (Figure 1).

Discussion
In this study, we reported that HPLC quantification 

analysis showed the highest caffeine catechin contest was in 
GT; these findings are in agreement with a study by Lee et 
al.(31) that found GT inhibited the influenza A-H1N1 in chicken 
egg and mice models but did not reduce the symptoms. 
The study addressed the effect of GT as an antiviral, with 
evidence of inhibiting the influenza virus A H1N1 in the 
early phase of the virus’s life cycle. Supporting the current 
study, in the Subgroup 1a mice with protective pre-infection 
GT use, GT had the highest caffeine and catechin, whereas, 
in a study by Lee et al.,(31) GT catechin inhibited initial entry 
of the influenza virus.

Our findings suggest an association between treatment 
in the protective pre-infection Subgroups 1a-c and stable body 
weight and a decrease in symptoms, as histopathology showed 
healthy lung tissue with a few inflammatory cells in protective 
groups. However, treatment after infection did not present this 
association. Using quantitative reverse transcription PCR, Lee 
with colleagues(31) found inhibitory effects in neuraminidase 
and strong inhibitory activity on hemagglutinin in the 
protective pre-infection GT group.

In 2014, Utsunomyia et al.(32) studied the effect 
of reagents caffeic acid, quinic acid, and CGA on the 
multiplication of the influenza A virus. They found that the 
infected cells were suppressed after receiving the reagents 
in the early stage of the infection. The degree of suppression 
became less prominent with the delay of the reagent to 
the infected cell culture. These results help to explain the 
results from the current study, as the protective pre-infection 
subgroups presented with a healthier body and lung weight, 
a higher survival rate, decreased inflammation of cells in 
lung tissue, and negative bands in gel electrophoresis of 
the virus in the lungs and infected groups experienced a 
decrease in body weight and an increase in lung weight. 
The relationship between lung tissue weight before and after 
treatment showed an increase in infected lung weight due 
to an increased number of inflamed cells and serous fluid. 
Histopathology showed apparent inflammation in lung tissue 
and positive clear bands in gel electrophoresis. 

These findings are likely to be due to the coffee 
components strongly interfering with the multiplication of the 
influenza A virus. When added in the early stage of infection, 
coffee extract interacts with certain enzymes necessary for 
preparing viral RNA and affects the formation of progeny 
virus to a limited extent when added after the onset of RNA 
replication.(32) The reagents that used Utsunomyia with 

colleagues (32) were chemically modified, not natural extracts 
with multiple effective components. There was no in vivo 
experiment in their study to test the effect of these reagents 
on live infections and the subsequent effects on health. CGA 
seems to have the ability to reduce significant symptoms and 
increase the survival rate.

Most research involving natural extraction illustrates 
an antiviral effect in different proteins in the structure of the 
virus. Components also acted as inhibitors in the first stage 
of the life cycle of the virus. However, similar studies have 
examined the antiviral effect after infection; most have been 
in vitro, and only a few in vivo.(33) Our findings demonstrate 
that natural extraction plays an important role as an anti-
influenza with minimal side effects, most likely due to the 
inhibitory effects of catechins, which could be interpreted 
as suppressed viral replication activity. The replication 
is thus halted by preventing the release of the virus.(34) 
CGA on NS1 (nonstructural protein 1) is a protective viral 
protein that regulates the host gene expression and disarms 
interferon.(35) 

This research concluded that natural extraction has an 
important and effective role in reducing the symptoms of 
infections and increasing survival rates. The results show that 
GT is the most effective, reducing both the viral quantity in 
the lungs and pathological signs in histology. GT tea showed 
a strong effect on survival rates and reduced symptoms, 
especially in the protective groups. Despite these promising 
results of correlations between natural extraction, reduced 
symptoms of the influenza virus, and increased survival rate 
with minimal side effects, questions remain unanswered as to 
which viral proteins are targeted by natural extract and which 
molecular mechanisms the antiviral inhibition is interfering 
with. More studies need to address different concentrations 
of natural extracts and compare them with active molecules 
using GC-Ms spectrometry. 

The study highlighted the protective effect of green tea  
and Arabica coffee on the influenza virus in vivo. To better 
understand the implication of these results, future studies 
should focus on the impact of green tea  and Arabica coffee  
on influenza viruses and other respiratory viruses in vitro, 
addressing the effects on the virus life-cycle in order to 
determine the direct medicinal impacts of natural extraction 
on the structure of viruses or indirectly on the immune 
system.

Competing Interests
The authors declare that they have no competing 

interests. 

Acknowledgments 
The authors acknowledge the assistance provided by the 

Infectious Diseases Vaccines Chair at King Saud University 
and King Abdulaziz City for Science and Technology, Life 
Science & Environment Research Institute labs. The authors 
are also thankful for the training provided by Mr. Saad Alamri 
and Mr. Murad Alshehry at King Fahd Medical City.



160                                        Sarah Alfaifi et al. / International Journal of Biomedicine 13(3) (2023) 154-161

References
1. Cianci R, Newton EE, Pagliari D. Efforts to Improve 
the Seasonal Influenza Vaccine. Vaccines (Basel). 2020 Nov 
3;8(4):645. doi: 10.3390/vaccines8040645.
2. Idriss MT, Abdelgadir AA, Nour AH. In Vitro Antiviral 
Activity of Rooibos Tea (Aspalathus linearis) Leaves Aqueous 
Extract against Influenza Virus. Trop J Nat Prod Res, 2021. 
3. Calixto JB. The role of natural products in modern drug 
discovery. An Acad Bras Cienc. 2019;91 Suppl 3:e20190105. 
doi: 10.1590/0001-3765201920190105. 
4. Newman DJ, Cragg GM. Natural Products as Sources 
of New Drugs from 1981 to 2014. J Nat Prod. 2016 Mar 
25;79(3):629-61. doi: 10.1021/acs.jnatprod.5b01055. 
5. Garigliany MM, Desmecht DJ. N-acetylcysteine lacks 
universal inhibitory activity against influenza A viruses. J 
Negat Results Biomed. 2011 May 9;10:5. doi: 10.1186/1477-
5751-10-5. 
6. Dias DA, Urban S, Roessner U. A historical overview 
of natural products in drug discovery. Metabolites. 2012 Apr 
16;2(2):303-36. doi: 10.3390/metabo2020303. 
7. Gamaleldin E, et al. Neuraminidase inhibition of Dietary 
chlorogenic acids and Gamaleldin Elsadig Karar M, Matei 
MF, Jaiswal R, Illenberger S, Kuhnert N. Neuraminidase 
inhibition of Dietary chlorogenic acids and derivatives - 
potential antivirals from dietary sources. Food Funct. 2016 
Apr;7(4):2052-9. doi: 10.1039/c5fo01412c.
8. Chiang LC, Chiang W, Chang MY, Ng LT, Lin CC. 
Antiviral activity of Plantago major extracts and related 
compounds in vitro. Antiviral Res. 2002 Jul;55(1):53-62. doi: 
10.1016/s0166-3542(02)00007-4. 
9. Khan MT, Ather A, Thompson KD, Gambari R. Extracts 
and molecules from medicinal plants against herpes simplex 
viruses. Antiviral Res. 2005 Aug;67(2):107-19. doi: 10.1016/j.
antiviral.2005.05.002. Erratum in: Antiviral Res. 2005 
Sep;67(3):169. 
10. Ramírez-Aristizabal LS, Ortíz A, Restrepo-Aristizabal 
MF, Salinas-Villada JF. Comparative study of the antioxidant 
capacity in green tea by extraction at different temperatures of 
four brands sold in Colombia. Vitae. 2007;24(2).
11. Madsen A, Cox RJ. Prospects and Challenges in 
the Development of Universal Influenza Vaccines. 
Vaccines (Basel). 2020 Jul 6;8(3):361. doi: 10.3390/
vaccines8030361. 
12. Ngom RBV, Foyet HS. In vitro antibacterial, non-
cytotoxic and antioxidant activities of Boscia Senegalensis 
and Tapinanthus Dodoneifolius, plants used by pastoralists in 
Cameroon”. Pastoralism. 2022;12(13). 
13. Li W, Xing L, Fang L, Wang J, Qu H. Application of 
near infrared spectroscopy for rapid analysis of intermediates 
of Tanreqing injection. J Pharm Biomed Anal. 2010 Nov 
2;53(3):350-8. doi: 10.1016/j.jpba.2010.04.011. 
14. Takahashi T, Kokubo R, Sakaino M. Antimicrobial 
activities of eucalyptus leaf extracts and flavonoids from 
Eucalyptus maculata. Lett Appl Microbiol. 2004;39(1):60-4. 
doi: 10.1111/j.1472-765X.2004.01538.x. 
15. Ghisalberti EL. Bioactive acylphloroglucinol derivatives 
from Eucalyptus species. Phytochemistry. 1996 Jan;41(1):7-
22. doi: 10.1016/0031-9422(95)00484-x. 

16. Morton J, Snider TA. Guidelines for collection and 
processing of lungs from aged mice for histological studies. 
Pathobiol Aging Age Relat Dis. 2017 Apr 21;7(1):1313676. 
doi: 10.1080/20010001.2017.1313676. 
17. Naveed M, Hejazi V, Abbas M, Kamboh AA, Khan 
GJ, Shumzaid M, Ahmad F, Babazadeh D, FangFang X, 
Modarresi-Ghazani F, WenHua L, XiaoHui Z. Chlorogenic 
acid (CGA): A pharmacological review and call for further 
research. Biomed Pharmacother. 2018 Jan;97:67-74. doi: 
10.1016/j.biopha.2017.10.064.
18. Trugo LC. COFFEE | Analysis of Coffee 
Products. Encyclopedia of Food Sciences and Nutrition 
(Second Edition),2003;1498–1506. doi.org: 10.1016/b0-12-
227055-x/00271-6
19. Muchtaridi M, Lestari D, Khairul Ikram NK, Gazzali AM, 
Hariono M, Wahab HA. Decaffeination and Neuraminidase 
Inhibitory Activity of Arabica Green Coffee (Coffea 
arabica) Beans: Chlorogenic Acid as a Potential Bioactive 
Compound. Molecules. 2021 Jun 4;26(11):3402. doi: 10.3390/
molecules26113402. 
20. van Dam RM, Hu FB, Willett WC. Coffee, Caffeine, 
and Health. N Engl J Med. 2020 Jul 23;383(4):369-378. doi: 
10.1056/NEJMra1816604. 
21. National Center for Biotechnology Information. PubChem 
Compound Summary for CID 2519, Caffeine. Retrieved 
September 11, 2022. Available from https://pubchem.ncbi.
nlm.nih.gov/compound/
22. Yu J, Zhang W, Huo W, Meng X, Zhong T, Su Y, Liu 
Y, Liu J, Wang Z, Song F, Zhang S, Li Z, Yu X, Yu X, Hua 
S. Regulation of host factor γ-H2AX level and location 
by enterovirus A71 for viral replication. Virulence. 2022 
Dec;13(1):241-257. doi: 10.1080/21505594.2022.2028482.
23. Fan FY, Sang LX, Jiang M. Catechins and Their Therapeutic 
Benefits to Inflammatory Bowel Disease. Molecules. 2017 
Mar 19;22(3):484. doi: 10.3390/molecules22030484.
24. Yang CC, Wu CJ, Chien CY, Chien CT. Green Tea 
Polyphenol Catechins Inhibit Coronavirus Replication and 
Potentiate the Adaptive Immunity and Autophagy-Dependent 
Protective Mechanism to Improve Acute Lung Injury in Mice. 
Antioxidants (Basel). 2021 Jun 7;10(6):928. doi: 10.3390/
antiox10060928.
25. Smee DF, Hurst BL, Wong MH. Effects of TheraMax on 
influenza virus infections in cell culture and in mice. Antivir 
Chem Chemother. 2011 Jul 4;21(6):231-7. doi: 10.3851/
IMP1744.
26. Fukushi M, Ito T, Oka T, Kitazawa T, Miyoshi-Akiyama 
T, Kirikae T, Yamashita M, Kudo K. Serial histopathological 
examination of the lungs of mice infected with influenza A 
virus PR8 strain. PLoS One. 2011;6(6):e21207. doi: 10.1371/
journal.pone.0021207. 
27. Bachman J. Reverse-transcription PCR (RT-PCR). 
Methods Enzymol. 2013;530:67-74. doi: 10.1016/B978-0-12-
420037-1.00002-6. 

*Corresponding author: Dr. Rania Suliman, Department 
of Clinical Laboratory Sciences, Prince Sultan Military College 
of Health Sciences, Dhahran, Saudi Arabia. E-mail: rsuliman@
psmchs.edu.sa  



161Sarah Alfaifi et al. / International Journal of Biomedicine 13(3) (2023) 154-161

28. Waters DL, Shapter FM. The polymerase chain reaction 
(PCR): general methods. Methods Mol Biol. 2014;1099:65-
75. doi: 10.1007/978-1-62703-715-0_7. 
29. Naeem A, Elbakkouri K, Alfaiz A, Hamed ME, Alsaran 
H, AlOtaiby S, Enani M, Alosaimi B. Antigenic drift of 
hemagglutinin and neuraminidase in seasonal H1N1 influenza 
viruses from Saudi Arabia in 2014 to 2015. J Med Virol. 2020 
Mar 11;92(12):3016–27. doi: 10.1002/jmv.25759. 
30. Poddar SK. Influenza virus types and subtypes detection 
by single step single tube multiplex reverse transcription-
polymerase chain reaction (RT-PCR) and agarose gel 
electrophoresis. J Virol Methods. 2002 Jan;99(1-2):63-70. 
doi: 10.1016/s0166-0934(01)00380-9. 
31. Lee HJ, Lee YN, Youn HN, Lee DH, Kwak JH, Seong 
BL, Lee JB, Park SY, Choi IS, Song CS. Anti-influenza 
virus activity of green tea by-products in vitro and efficacy 
against influenza virus infection in chickens. Poult Sci. 2012 
Jan;91(1):66-73. doi: 10.3382/ps.2011-01645.
32. Utsunomiya H, Ichinose M, Ikeda K, Uozaki M, Morishita 
J, Kuwahara T, Koyama AH, Yamasaki H. Inhibition by 

caffeic acid of the influenza A virus multiplication in vitro. 
Int J Mol Med. 2014 Oct;34(4):1020-4. doi: 10.3892/
ijmm.2014.1859.
33. Craig AP, Fields C, Liang N, Kitts D, Erickson A. 
Performance review of a fast HPLC-UV method for the 
quantification of chlorogenic acids in green coffee bean 
extracts. Talanta. 2016 Jul 1;154:481-5. doi: 10.1016/j.
talanta.2016.03.101.
34. Cheng SS, Huang CG, Chen YJ, Yu JJ, Chen WJ, 
Chang ST. Chemical compositions and larvicidal activities 
of leaf essential oils from two eucalyptus species. 
Bioresour Technol. 2009 Jan;100(1):452-6. doi: 10.1016/j.
biortech.2008.02.038. 
35. Lima FJ, Brito TS, Freire WB, Costa RC, Linhares 
MI, Sousa FC, Lahlou S, Leal-Cardoso JH, Santos AA, 
Magalhães PJ. The essential oil of Eucalyptus tereticornis, 
and its constituents alpha- and beta-pinene, potentiate 
acetylcholine-induced contractions in isolated rat trachea. 
Fitoterapia. 2010 Sep;81(6):649-55. doi: 10.1016/j.
fitote.2010.03.012.



INTERNATIONAL 
JOURNAL                

OF BIOMEDICINE
http://dx.doi.org/10.21103/Article13(3)_CR1

 International Journal of Biomedicine 13(3) (2023) 162-164

CASE REPORTCASE REPORT

Parapharyngeal Acinic Cell Carcinoma: 
A Case Report of a Rare Extra-Parotid Occurrence

Rinë Limani1, Fahredin Veselaj2*, Zgjim Limani3, Labinota Kondirolli4, 
Brikenë Blakaj Gashi4

1Department of Anatomical Pathology, Faculty of Medicine, University of Prishtina “Hasan Prishtina”, 
Prishtina, Kosovo 

2Department of Surgery, Faculty of Medicine, University of Prishtina “Hasan Prishtina”, 
Prishtina, Kosovo 

3Deartment of Othorinolaryngology, Head and Neck Surgery, Faculty of Medicine, University of Prishtina 
“Hasan Prishtina”, Prishtina, Kosovo 

4Faculty of Medicine, University of Prishtina “Hasan Prishtina”, Prishtina, Kosovo 

Abstract
Parapharyngeal space (PPS) tumors are among the most challenging tumors of the head and neck region to diagnose and 

treat. Acinic cell carcinoma (ACC) is an extremely rare extra-parotid malignant neoplasm of the PPS. Herewith, we report a case 
of extra-parotid, low-grade solid pattern ACC diagnosed in a 55-year-old male who presented with a left parapharyngeal bulge. 
Despite its rare occurrence, ACC of the PPS should be included in the differential diagnosis of PPS tumors.(International Journal 
of Biomedicine. 2023;13(3):162-164.)
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Introduction
Acinic cell carcinoma (ACC) is a malignant neoplasm of 

the salivary glands, most commonly occurring in the parotid 
gland. ACC of the minor salivary glands is rare, constituting 
between 3% and 12% of salivary gland ACCs, with the majority 
presenting in the minor salivary glands of the palate.(1)  ACC 
is slightly more common in women in their 50s and 60s than 
in other groups in the population. Previous radiation exposure 
and familial predisposition are among the most common risk 
factors for ACC.(1) ACC of the PPS separate from the parotid 
gland is extremely rare. 

Case Presentation
A 55-year-old male patient presented with a complaint 

of a left peritonsillar mass. He had no risky habits, and his 
family history was irrelevant.  On clinical examination, 
a left parapharyngeal bulge was present. Neck and nasal 
examinations were unremarkable. On laryngoscopy 
examination, the larynx was unremarkable as well. Computed 
tomography (CT) revealed a regular, well-defined mass 
with a slightly heterogeneous enhancement on the left post-
styloid PPS (Figure 1A). The transcervical approach was 
chosen for surgical excision. Tumor excision revealed a well-
encapsulated, soft, rubbery, grayish-white, homogenously 
solid mass measuring 6×4.5×2.3cm.  No invasion of the 
surrounding structures was seen.  Representative sections 
were taken for histological examination. On histological 
examination, hematoxylin and eosin-stained slides revealed 
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a low-grade malignant epithelial tumor composed of well-
differentiated basophilic acinar cells with granulated to 
vacuolar cytoplasm and eccentric nucleus (Figure 1B). There 
was no vascular or perineural invasion. Surgical margins were 
free of the tumor. The final histological diagnosis was low-
grade ACC solid type.   

Discussion
PPS tumors have a nonspecific clinical presentation. 

They can present as a mass or swelling in the neck or throat, 
with difficulties in swallowing, breathing, changes in voice or 
speech, pain in the ear or jaw, or facial weakness.(2) Imaging 
studies such as CT scans and MRI are used for initial diagnosis; 
nevertheless, a biopsy followed by surgical resection is 
necessary to confirm the diagnosis.(2) PPS tumors constitute 
approximately 0.5% to 1.5% of all head and neck tumors.(3,4)  
The most common tumors of the PPS are benign tumors such 
as pleomorphic adenomas of the salivary gland, followed by 
paragangliomas and neurogenic tumors.(5)

Furthermore, salivary gland neoplasms are the most 
frequently found primary malignant tumors.(5,6) Salivary 
neoplasms in PPS may arise from the deep lobe of the parotid 
gland, ectopic salivary rests, or minor salivary glands of the 
lateral pharyngeal wall.(5-7) ACC is a rare type of salivary 
gland tumor in the PPS.(6)  In imaging studies, anteromedially 
parapharyngeal fat displacement by the tumor is a feature that 
favors extra-parotid tumor origin in PPS.(8)

WHO defines ACC as a malignant epithelial neoplasm 
of the salivary glands in which at least some neoplastic cells 
demonstrate serous acinar cell differentiation characterized 
by cytoplasmic zymogen secretory granules.(9) ACC grows 
slowly over time, and it usually presents clinically only 
when it becomes large enough to be detected. ACC is a low-
grade neoplasm that was initially considered as a benign 
tumor entity. It has four histological growth patterns, such 
as solid, multicystic, papillary-cystic, and follicular.(9) The 
most frequent histological patterns are solid, composed of 
well-differentiated polygonal acinar cells with well-defined 
cytoplasmic borders, and microcystic with prominent cellular 
vacuolization and intercellular cystic change. Whereas the 
rarest patterns are the papillary, composed of papilla covered 
by hobnailed cells, intercalated duct-like cells, and cells with 
eosinophilic cytoplasm with indistinct cell borders, and the 
follicular pattern comprised of closely packed cystic spaces 
lined by flattened epithelium and filled with eosinophilic 
colloid-like material reminiscent of thyroid follicles.(9)A 
mixture of patterns is frequent. 

ACC of the PPS separate from the parotid gland is 
extremely rare. In our thorough investigation, when excluding 
deep parotid lobe ACCs, we encountered only seven reported 
cases of ACC in the PPS separate from the parotid gland 
reported in the literature.(6,10-14) 

Our case was a solid pattern ACC, presenting in 
a 55-year-old male. We encountered no invasion of the 
surrounding structures, as well as no intravascular or 
perineural invasion. The tumor, in our case, was separate 
from the parotid gland, indicating that it could be arising 

from the minor salivary glands of the PPS. ACC on histology 
comes into close differential diagnosis with other salivary 
and head and neck masses, such as salivary metastasis of 
thyroid carcinoma, which are thyroglobulin positive, salivary 
oncocytoma, composed of eosinophilic non–serous cells, 
mucoepidermoid carcinoma positive for p63 and mammary 
analog secretory carcinoma that lacks PAS-positive secretory 
granules and is vimentin and adipophilin positive.(15,16) In 
addition to the characteristic morphological presentation, in 
our case, we also report no positivity for thyroglobulin, p63, 
vimentin, and adipophilin.  Normal salivary gland is also a 
potential differential diagnosis with ACC.

Nevertheless, our case lacked its normal lobular 
architecture. Of the reported cases in the literature, all but 
one case of ACC,(13) separate from the parotid in PPS, were 
low-grade tumors with no recurrence and metastasis.  We also 
report a low-grade extra- parotid ACC in PPS. 

Nevertheless, ACCs of salivary glands have an 
unpredictable course. Local recurrence has been reported, as 
have occasional, distant metastasis to the lungs and the bones 
via hematogenous spread and metastasis to regional lymph 
nodes. The reported mortality of ACC at 5 years is less than 
10%. ACCs of the PPS, because of their rarity and clinical 
presentation, are challenging to be diagnosed and treat.(17)

Treatment consists of surgical removal of the tumor, 
which may require complex surgical techniques to preserve 
important structures, depending on the location of the tumor, 
including the carotid artery, jugular vein, and cranial nerves.  
Radiation therapy and chemotherapy may also be used in 
some cases, alone or in combination with surgery.(7,8) Our case 
was treated only with surgical resection, as we encountered 
no invasion beyond the tumor capsule, and the histological 
features were of no high grade. Moreover, there was no 
vascular or perineural invasion. However, there are reports of 
low-grade ACC behaving aggressively; therefore, we opted 
for treatment with radiation therapy and chemotherapy despite 
the low-grade morphology.(6,10-13)

In conclusion, extra-parotid ACC of PPS is an extremely 
rare tumor that should be considered in the differential 
diagnosis of PPS tumors. Surgical excision ACC is curative 

Figure 1. A. Computed Tomography (CT) presents a regular, 
well-defined mass with a slightly heterogeneous enhancement on 
the left post-styloid PPS. B. Histological section of hematoxylin 
and eosin stained low-grade malignant epithelial tumor, 
composed of well-differentiated basophilic acinar cells with 
granulated to vacuolar cytoplasm and eccentric nucleus (X 100).
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in low-grade tumors with no invasion of the surrounding 
structures. However, its surgical management is challenging 
because of the location and relationship with nearby structures, 
and therefore radiation therapy and chemotherapy are often 
adjunct treatments to surgical resection.  
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Abstract
Background: In this article, we highlight the importance of utilizing multiple imaging modalities, including CT, MRI, and 

abdominal Doppler ultrasound, to accurately differentiate between atypical liver hemangiomas (LH) and metastases. 
Case report:  We introduce a 57-year-old male patient who presented with severe abdominal pain. Initial CT scan findings 

showed hypodense liver lesions and a well-defined hypodense mass in the sub-diaphragmatic region, raising suspicion for 
metastatic liver lesions, and prompting further evaluation. To differentiate between atypical hemangiomas and metastases, an MRI 
scan was performed, revealing a hyperintense signal on T2-weighted images and a hypointense signal on T1-weighted images, 
consistent with the characteristics of LH. These characteristic signal intensities aided in ruling out metastatic liver lesions, which 
typically present with a more solid and homogeneous appearance. Contrast-enhanced MRI played a crucial role in confirming the 
diagnosis. The liver lesions demonstrated moderate vascularization during the early phase of contrast enhancement, followed by 
progressive centripetal filling during the portal venous and delayed phases. This enhancement pattern is consistent with the slow 
flow within the dilated vascular spaces of liver hemangiomas. The lesion in the right liver lobe is almost completely filled with 
contrast, further supporting the diagnosis of hemangioma. Abdominal Doppler ultrasound can provide additional information 
regarding the vascularity of liver lesions. In this case, the Doppler examination likely helped to further confirm the presence of a 
hemangioma, as these lesions typically demonstrate increased vascularity compared to metastatic lesions.

Conclusion: The comprehensive imaging evaluation utilizing CT, MRI, and abdominal Doppler ultrasound allowed for the 
confident differentiation of atypical liver hemangiomas from metastatic liver lesions in this case. This emphasizes the importance 
of a multimodal imaging approach in cases of liver lesions with overlapping features, leading to improved patient management 
and outcomes.(International Journal of Biomedicine. 2023;13(3):165-168.)
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Introduction
Liver hemangiomas (LH) are the most common benign 

tumors, often discovered accidentally during routine checkups. 
These lesions present abnormal proliferation of blood vessels, 
varying in size, and are typically solitary, although multiple 
hemangiomas can be present in a few cases.(1)

Most LH are asymptomatic and do not require any 
treatment. However, larger hemangiomas may cause symptoms 

such as pain or discomfort in the upper abdomen, especially 
when compressing tissues nearby.(2,3)

Imaging plays a crucial role in the diagnosis of LH.  
Ultrasound is often the initial imaging modality, providing 
valuable information regarding the lesion’s size, location, 
and vascularity. However, more definitive and accurate 
characterization of LH is achieved through cross-sectional 
imaging techniques such as computed tomography (CT) and 
magnetic resonance imaging (MRI).(4-6)

MRI, in particular, is highly sensitive and specific for 
detecting LH. T1-weighted images typically demonstrate 
a hyperintense signal, whereas T2-weighted images show 
a heterogeneous, hypointense to hyperintense signal. 
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Gadolinium-based contrast agents can be used to further 
enhance the visualization of LH, with rapid enhancement 
during the arterial phase and progressive centripetal filling 
during the portal venous and delayed phases. This enhancement 
pattern results from the slow flow within the dilated vascular 
spaces of the hemangioma.

LH typically display a characteristic “cavernous” 
appearance on MRI, with a tangled network of thin-walled 
blood vessels. This can be visualized as areas of high signal 
intensity on T2-weighted images.(5,6) Metastases, on the other 
hand, often present with a more solid and homogeneous 
appearance. This discrepancy in internal architecture can 
contribute to the differentiation between LH and metastases.(7)

In contrast, metastatic liver lesions often exhibit a 
different enhancement pattern, with variable enhancement 
during different phases depending on the primary tumor type. 
This disparity in enhancement patterns can be valuable in 
differentiating LH from metastases.(7) Yet clinical correlation, 
including the patient’s medical history and the presence of 
primary tumors, provides valuable information to aid in the 
differentiation process.

MRI’s ability to capture the characteristic enhancement 
patterns, assess the internal architecture, and evaluate the 
signal intensity characteristics of liver lesions makes it 
a valuable imaging modality in differentiating LH from 
metastases. The combination of these features with clinical 
correlation enhances the accuracy of diagnosis and facilitates 
appropriate treatment planning for patients.(8)

Case Presentation 
We hereby present the case of a 57-year-old male who 

presented with severe abdominal pain. He is an active smoker, 
previously diagnosed with peptic ulcers and chronic gastritis. 

Initially, the patient underwent a CT scan (Fig.1-3), 
where the liver presented with a homogenous hypodense 
lesion in the VII-VIII segment, measuring 3.5×2.5×3 cm, 
which discretely imbibes contrast but does not homogenate it 
in the late phase. Another similar hypodense lesion was also 
found on the IV segment. The stomach was presented with 
thickened walls. In the sub-diaphragmatic region, between the 
small stomach curve and the left lobe of the liver and pancreas, 
there was a hypodense, well-defined mass measuring 5.5×4×6 
cm. There were also pre-aortal lymph nodes measuring 1 0mm 
and advanced left lumbar spine scoliosis.

Afterward, a gastroscopy revealed hyperemic stomach 
walls, leading to a diagnosis of chronic gastritis and peptic 
ulcer. The patient was treated with proton pump inhibitors and 
sucralfate for three weeks.

An MRI scan (Fig.4-8) was performed to further 
define the aforementioned findings and differentiate whether 
liver lesions were atypical hemangiomas or metastasis. The 
left liver lobe presented with a 49×62 mm lesion with a 
hyperintense signal on T2 and hypointense in T1 sequences. 
A small lesion was presented on the right lobe measuring 
30×14 mm, with the same MRI characteristics as the previous 
one. After intravenous contrast application, the lesion showed 
moderate vascularization in the early phase. In contrast, in 
the later phase, the lesion in the right liver lobe was almost 
completely filled with contrast, while in the left lobe, there 
was centripetal imbibition suggesting hemangioma. 

Additionally, an abdominal echo-Doppler examination 
was conducted to reaffirm the diagnosis of atypical 
hemangioma.

Fig. 1. Left image: Native CT scan showing hypodense lesions 
on the left and right liver lobes. Right image: After intravenous 
contrast application, there is no pathological contrast 
concentration in the arterial phase.

Fig. 2. Left image: After intravenous contrast application, 
there is no pathological contrast concentration in the arterial 
phase. Right image: Venous phase without pathological contrast 
concentration too. 

Fig. 3. Left image: Native CT. Right image: Post-contrast CT. 

Fig. 4. T2 sequences revealing hyperintense lesions on left and 
right liver lobes. 
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Discussion
LH pose diagnostic challenges due to their appearance 

and potential overlap with metastatic lesions. In this case 
report, our 57-year-old male patient presented with severe 
abdominal pain. Initial CT scan findings showed hypodense 
liver lesions in segments IV and VII-VIII, as well as a well-
defined hypodense mass in the sub-diaphragmatic region. 

These findings raised suspicion for metastatic liver lesions, 
prompting further evaluation.(9)

To differentiate between atypical hemangiomas and 
metastases, an MRI scan was performed. In this case, the 
MRI scan revealed a hyperintense signal on T2-weighted 
images and a hypointense signal on T1-weighted images, 
consistent with the characteristics of LH. These characteristic 
signal intensities aided in ruling out metastatic liver lesions, 
which typically present with a more solid and homogeneous 
appearance.(9,10)

Furthermore, contrast-enhanced MRI played a 
crucial role in confirming the diagnosis. The liver lesions 
demonstrated moderate vascularization during the early phase 
of contrast enhancement, followed by progressive centripetal 
filling during the portal venous and delayed phases. This 
enhancement pattern is consistent with the slow flow within 
the dilated vascular spaces of LH. The lesion in the right 
liver lobe is almost completely filled with contrast, further 
supporting the diagnosis of hemangioma.(10,11)

Abdominal Doppler ultrasound can provide additional 
information regarding the vascularity of liver lesions. In this 
case, the Doppler examination likely helped to further confirm 
the presence of a hemangioma, as these lesions typically 
demonstrate increased vascularity compared to metastatic 
lesions.(10)

Overall, this case report highlights the importance of 
utilizing multiple imaging modalities, including CT, MRI, 
and abdominal Doppler ultrasound, to accurately differentiate 
between LH and metastases.(11-14) The characteristic MRI 
findings, such as the hyperintense signal on T2-weighted 
images and the dynamic contrast enhancement pattern, 
were instrumental in ruling out metastatic liver lesions and 
confirming the diagnosis of atypical hemangiomas. This 
case emphasizes the value of MRI as a reliable imaging tool 
for detecting and characterizing LH, aiding in appropriate 
treatment planning and management decisions for patients.(9-11)

Conclusion
This case report emphasizes the importance of employing 

a multimodal imaging approach for the accurate diagnosis and 
differentiation of LH from metastatic liver lesions. The initial 
CT scan findings raised suspicion for metastatic liver lesions 
due to the presence of hypodense liver lesions in multiple 
segments and a well-defined sub-diaphragmatic mass. 
However, the subsequent MRI scan was pivotal in confirming 
the diagnosis of atypical hemangiomas. Furthermore, the 
additional use of abdominal echo-Doppler examination helped 
to confirm the diagnosis by revealing increased vascularity in 
the liver lesions, a characteristic feature of hemangiomas.

This case highlights the crucial role of MRI, with its 
excellent soft tissue contrast, in detecting and characterizing 
LH. By providing detailed information on signal intensity, 
and enhancement patterns, MRI aids in distinguishing 
hemangiomas from metastatic liver lesions, leading to accurate 
diagnosis and appropriate treatment planning.

In summary, the comprehensive imaging evaluation 
utilizing CT, MRI, and abdominal Doppler ultrasound allowed 

Fig. 5. DWI sequences revealing restricted diffusion hyperintense 
lesions on left and right liver lobes.

Fig. 6. In dynamic post-contrast T1 sequence, lesions appear with 
hypointensity.

Fig. 7. After intravenous contrast application on the WFS 
sequence, there are discrete signs of contrast concentration of the 
lesion. 

Fig. 8. The pre-dynamic sequence, 30 minutes after intravenous 
contrast application, showed that the right liver lobe lesion is 
almost homogenized. In contrast, the left lobe lesion shows a 
progressive centripetal typical for hemangioma.
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for the confident differentiation of atypical LH from metastatic 
liver lesions in this case. This emphasizes the importance of 
a multimodal imaging approach in cases of liver lesions with 
overlapping features, leading to improved patient management 
and outcomes.
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Abstract
The aim of this case report is to present an orthodontic technique combined with skeletal anchorage (TADs) in the retromolar 

region to pull out a right horizontally impacted mandibular second molar (MM2) beneath the third molar (MM3). This treatment 
approach was performed by extracting the adjacent MM3 lying over the MM2. A miniscrew was inserted in the retromolar region. 
It required minimal surgical exposure—mucosal incision, crown uncovering, and attaching a bondable button for uprighting MM2 
with an elastic chain. Disimpaction was done for several days without any side effects.(International Journal of Biomedicine. 
2023;13(3):169-171.)
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Introduction
The teeth erupt when the root is three-quarters 

developed. The impaction means that the teeth failed to erupt 
within a physiological time frame, which is mainly detected 
late after a routine dental examination.(1) 

Management of impacted teeth is very challenging in 
dentistry. The most prevalent impacted teeth are the third 
molars .(2,3) The prevalence of an impacted second molar 
is reported to be under 2%,(4,5) the most common being 
mesioangular impacted second molars.(5-7) Performing surgical 
procedures exposing an impacted mandibular second molar 
(MM2)  is safe and reduces treatment time, and the treatment 
outcome differs from case to case.(8,9) Treatment procedures 
using temporary anchorage devices (TADs) combined with 
a surgical approach effectively treat impacted molars.(10) 
Miniscrews inserted in the ramus of the mandible are reliable 
in uprighting of horizontally impacted molars and should 
engage in bone an average of 3 mm.(11) 

Case Presentation
A 21-year-old female patient presented to our private 

clinic for orthodontic treatment. After the clinical evaluation, 

a panoramic cephalometric was ordered. The image showed 
the impaction of the right MM2, which was lying beneath 
the MM3. The patient was unaware of such impaction. The 
panoramic radiograph presented an impacted MM2 on the 
right side. The angulation was measured between the long 
axis of the MM2 and MM with a cephalometric protractor 
(Figure 1).

Fig. 1. The angulation of MM2.
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The treatment goal was to treat the impaction and 
alignment of the teeth. The patient signed an informed 
consent before treatment therapy. She was informed of 
procedures, treatment plans, and the advantages and 
disadvantages of the therapy. Initially, orthodontic fixed 
appliances, FORESTADENT (Germany) sprint brackets, 
were used with slot size 22. After the teeth were aligned, 
the patient was referred to a surgeon to extract MM3. After 
two weeks, we proceeded to insert a titanium miniscrew 
(FORESTADENT, Germany) with a length of 8 mm and 
diameter of 2 mm, manually in the retromolar area, and on 
the same day, minimal surgery was done - a mucosal incision 
(Figure 2). 

After three weeks, a bondable button was inserted 
in the distal surface of MM2. A Dentaurum power chain, 
without pause, was inserted to pull out the impacted molar. 
The patient was observed twice per month, every month, 
until the tooth presented in the mouth. After MM2 was 
pulled, the button was removed, and the tube was placed for 
further alignment and leveling of MM2 with a continuous 
wire technique (Figures 3-5). The impaction was corrected in 
59 days. The miniscrew was removed after 48 days. Currently, 
the MM2 is in the process of leveling (Figure 6). 

Discussion
The present work described the effectiveness of 

uprighting of MM2 with extra-alveolar insertion of TADs and 
elimination of factors such as MM3 that prevented the eruption 
of MM2. Early diagnosis and early treatment is the primary 
key to a better prognosis for uprighting the impacted molars.
(12) Uprighting of tipped and impacted molar benefits better 
hygiene, improving functional and periodontal occlusion, and 
quality of life.(13)  Mandibular uprighting treatment with TADs 
leads to rapid, more predictable results of disimpaction, with 
fewer side effects.(11) Lee et al.(14) in their study design with 
direct miniscrew anchorage, concluded that this technique 
is simple to apply with a positive outcome; even the MM3 
could be left in situ, or if it is extracted, the miniscrew could 
be inserted on the same day.  

Lorente and colleagues(15) believe that a miniscrew 
inserted mesially to an impacted tooth may be the treatment of 
choice for deeply impacted molars with any angulation.

We can conclude that placement of the miniscrew in 
the extra-alveolar region is easy and quickly performed and 
has a great effect on the horizontal disimpaction of the MM2 
without any side effects.
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Abstract
Background: Asymptomatic bacteriuria is common during pregnancy due to the apparent reduction in immunity of pregnant 

women, which appears to encourage the growth of both commensal and non-commensal microorganisms. The objective of this 
study was to determine the frequency of asymptomatic bacteriuria and identify the causative organisms among pregnant women. 

Methods and Results: This cross-sectional study was carried out at Ibrahim Malik Teaching Hospital and Bashaier University 
Hospital from April to July 2019 to assess the prevalence of asymptomatic bacteriuria among pregnant women. Fifty urine 
specimens were collected from pregnant women who didn’t show any signs or symptoms of urinary tract infection. Clean-catch 
mid-stream urine was collected into a sterile, universal container. Bacteriological culture and bacterial identification were carried 
out. The prevalence of asymptomatic bacteriuria in pregnant women in this study was 12%. Escherichia coli and Staphylococcus 
aureus were the most frequently isolated organisms: 2/6(33.3%) and 2/6(33.3%), respectively, followed by Proteus species 
1/6(16.7%) and Klebsiella pneumonia 1/6(16.7%). Asymptomatic bacteriuria tended to increase from the first to the third trimester 
(1/8.3%, 2/11.1%, and 3/15%, respectively), but without statistical significance (P=0.845). We also found a trend to increase in the 
prevalence of asymptomatic bacteriuria with decreasing age: 2(15.4%) in the age group of 18-25 years, 3(11.5%) in the age group 
of 26-33 years, and only 1(9.1%) in the age group of 34-41 years (P=0.890).

Conclusion: Periodic urine cultures should be performed routinely throughout pregnancy, especially during the first and third 
trimesters, to identify any unsuspecting unsuspected infection. Bacterial counts are of the most importance and should be done 
routinely. This measure will significantly reduce maternal and obstetric complications associated with pregnancy.(International 
Journal of Biomedicine. 2023;13(3):172-174.)
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Introduction
Asymptomatic bacteriuria  is defined by a mid-stream 

sample of urine showing bacterial growth >105CFU/mL in two 
consecutive samples in women without urinary tract infection 
(UTI) symptoms.(1,2) Asymptomatic bacteriuria is common 

during pregnancy due to the apparent reduction in immunity 
of pregnant women, which appears to encourage the growth of 
both commensal and non-commensal microorganisms.(3) UTI 
causes symptoms such as frequent urination, painful urination, 
or pelvic pain. Asymptomatic bacteriuria does not cause any 
noticeable symptoms.(4) Bacteria cause UTIs typically when 
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they are introduced into the urinary tract during intercourse 
or when wiping after a bowel movement. The bacterium E. 
coli is responsible for most cases of asymptomatic bacteriuria. 
Other bacterial species can also cause colonization, including 
Klebsiella pneumoniae, Proteus mirabilis, Pseudomonas 
aeruginosa, Staphylococcal species, Enterococci, and group 
B Streptococcus. (5)

Physiological increases in plasma volume during pregnancy 
decrease urine concentration, and up to 70% of pregnant women 
develop glucosuria, which encourages bacterial growth in the 
urine.(6) In non-pregnant women, asymptomatic bacteriuria rarely 
causes serious problems. However, this infection can progress 
upward in pregnant women, causing acute urethritis, cystitis, and 
pyelonephritis.(7) Asymptomatic bacteriuria is associated with an 
increased risk of intra uterine growth retardation and low birth-
weight infants.(8) Pregnancy enhances the progression from 
asymptomatic to symptomatic bacteriuria, which could lead 
to pyelonephritis and adverse obstetric outcomes, such as 
prematurity, low birth weight, and preterm labor. Preterm 
labor is a common cause of serious complications, including 
death, in newborn babies.(9) According to the WHO, up to 45% 
of pregnant women with untreated asymptomatic bacteriuria 
will develop pyelonephritis. Untreated asymptomatic 
bacteriuria leads to the development of symptomatic cystitis 
in approximately 30% of patients and can lead to the 
development of pyelonephritis in up to 50%. 

It is important to identify factors that increase infection 
to avoid the consequences and further complications of 
bacteriuria in pregnant women through early detection and 
treatment, as the American College of Obstetricians and 
Gynecologists recommends.(10) However, a routine urine 
culture test is not carried out for antenatal women in many 
hospitals in developing countries, including Sudan, probably 
due to cost implication and time factor for culture results.

The objective of this study was to determine the 
frequency of asymptomatic bacteriuria and identify the 
causative organisms among pregnant women. 

Materials and Methods
This cross-sectional study was carried out at Ibrahim 

Malik Teaching Hospital and Bashaier University Hospital 
from April to July 2019 to assess the prevalence of 
asymptomatic bacteriuria among pregnant women. 

Fifty urine specimens were collected from pregnant 
women who didn’t show any signs or symptoms of UTI. 
Clean-catch mid-stream urine was collected into a sterile, 
universal container. Wet preparation and direct Gram stain 
were done for all specimens. Culture on Cysteine Lactose 
Electrolyte Deficient agar (CLED) using a calibrated loop 
drop delivering 0.002ml of urine, which was incubated 
aerobically at 37°C overnight. Colonial morphology, indirect 
Gram stains, and biochemical tests, including Kligler iron 
agar, indole production test, urease test, citrate utilization 
test, methyl red test, catalase test, coagulase test, and DNase 
test were done.

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. Group comparisons were 
performed using the chi-square test. A probability value of 
P<0.05 was considered statistically significant.

Results and Discussion
Of the 50 women, 12(24%) were in the first trimester, 

18(36%) in the second, and 20(40%) in the third trimester. 
Asymptomatic bacteriuria tended to increase from the first to 
the third trimester (1/8.3%, 2/11.1%, and 3/15%, respectively), 
but without statistical significance (P=0.845).

According to age, pregnant women were distributed as 
follows: the age group of 18-25 (n=13), the age group of 26-
33 years (n=26), and the age group of 34-41 years (n=11). We 
found a trend to increase in the prevalence of asymptomatic 
bacteriuria with decreasing age. The asymptomatic bacteriuria 
prevalence was as follows: 2(15.4%) in the age group of 18-
25 years, 3(11.5%) in the age group of 26-33 years, and only 
1(9.1%) in the age group of 34-41 years (P=0.890).

Wet preparation showed Pus cells >5 per high power 
field in 6/50(12%) cases. Colony counts yielding bacterial 
growth of 105CFU/ml or more of pure isolates were considered 
significant for infection. Gram’s staining reaction showed 4 
Gram-negative rods and 2 Gram-positive cocci. Escherichia 
coli and Staphylococcus aureus were the most frequently 
isolated organisms: 2/6(33.3%) and 2/6(33.3%), respectively, 
followed by Proteus species 1/6(16.7%) and Klebsiella 
pneumonia 1/6(16.7%).

The prevalence of asymptomatic bacteriuria in pregnant 
women in this study was 12%. This is slightly lower than the 
13% from the study by Ibrahim et al.(11) performed in 2018 in 
Kosti (Sudan). The most prevalent organism observed in our 
study was Escherichia coli 2/6(33.3%) and Staphylococcus 
aureus 2/6(33.3%). This finding agrees with a study by Sujatha 
and Nawan done in India.(9)

In this study, the differences in asymptomatic bacteriuria 
according to the trimesters were insignificant, which agrees 
with the findings reported by other researchers. In contrast, 
Kosti Teaching Hospital found increasing prevalence with 
gestational age.(11) 

This study showed a trend to increase asymptomatic 
bacteriuria prevalence with decreasing age but without 
statistical differences. In contrast, some studies observed 
a much higher prevalence of asymptomatic bacteriuria 
in younger pregnant women.(12,13) Other studies found a 
progressive rise in bacteriuria prevalence with age.(14,15)  

Conclusion
Routine urinalysis is imprecise for the identification 

of pyuria and bacteriuria. Periodic urine cultures should be 
performed routinely throughout pregnancy, especially during 
the first and third trimesters, to identify any unsuspected 
infection. Bacterial counts are of the most importance and 
should be done routinely. This measure will significantly 
reduce maternal and obstetric complications associated with 
pregnancy.
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