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Abstract
The concept of ventricular-arterial coupling (VAC) was first introduced in 

the early 1980s to quantify the relationship between left ventricular contractility 
and arterial load. The mathematical formulation of VAC, expressed as the 
ratio of arterial elastance to ventricular elastance, has since then been refined 
with adjustments to allow for non-invasive assessment. By the early 2000s, 
advancements in echocardiography, cardiac magnetic resonance and arterial 
tonometry provided non-invasive alternatives to the traditional invasive 
method of cardiac catheterization, broadening the clinical application of 
VAC. Emerging technologies, such as machine learning and computational 
models, have further enhanced the precision and personalization of VAC, 
with potential applications in heart failure, hypertension and other clinical 
scenarios.

This review describes the physiological basis and the historical 
development of VAC, highlights the non-invasive assessment techniques, 
and discusses the potential for personalized treatment based on VAC insights. 
Machine learning models trained on large datasets from non-invasive imaging 
modalities may open new avenues in predicting individual patient responses 
to therapies. However, lack of standardized protocols across imaging 
modalities represents a challenge, making the call for standardization critical 
for consistent clinical application. This review underscores the need for 
harmonized methodologies to better utilize VAC in personalized medicine, 
aiming to improve cardiovascular outcomes through tailored therapies.

Keywords: Ventricular-arterial coupling; ventricular and aortic elastance; 
myocardial contractility; arterial compliance.
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Introduction
The concept of ventricular-arterial coupling (VAC) 

and its mathematical formulation was first introduced 
by Sunagawa et al. in the early 1980s [1]. Their original 
work, published in 1983, laid the groundwork for 
understanding the interaction between the left ventricle 
and the arterial system in mechanical terms, using 
elastance-based parameters. The key formula included 
the arterial elastance (Ea), which represents the effective 
afterload of the arterial system, and the end-systolic 
elastance (Ees) which represents the left ventricular 
(LV) contractility. VAC was then defined as Ea/Ees. 
After the proposal of the original formula, researchers 

further refined the calculation of Ea and Ees to improve 
its clinical application. For instance, the method was 
applied in humans using non-invasive techniques (such as 
echocardiography) and systolic blood pressure (SBP) as a 
surrogate for end-systolic pressure. Kelly et al. introduced 
the concept of using 0.9 × SBP as a simplified estimate of 
end-systolic pressure for non-invasive VAC assessment 
in clinical settings [2]. This adjustment made the formula 
more feasible in clinical practice.

In this article we will review the physiological 
background, the different methods for assessment, and 
the directions of development of VAC. 

J Clin Med Kaz 2024; 21(6): 4–10
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Physiological background
The heart and the arterial system are fundamentally 

related, both anatomically and functionally, and VAC describes 
the relationship between the two systems [3]. VAC is estimated 
as the ratio of arterial and ventricular elastances. The ratio of the 
LV end-systolic pressure to the stroke volume is known as the 
effective arterial elastance (Ea), and it succinctly conveys the 
steady and pulsatile components of the arterial load.

Total peripheral resistance, as one of the properties of 
the steady component of the arterial load, mainly depends 
on microvasculature. Contrarily, the pulsatile arterial load is 
primarily determined by the properties of the macrovasculature, 
which include the impedance of the aorta (Zc), the total arterial 
compliance, and the wave reflections [4]. Ventricular elastance 
(Ees) represents the slope of the line connecting V0 to the LV 
end-systolic pressure-volume relation, which is unaffected by 
preload or afterload and is a measure of cardiac contractility. 
Combined with Ea, it has been used to assess heart-arterial 
coupling [5].

For a given beat-to-beat preload and afterload, the Ees may 
be obtained from the LV pressure-volume (PV) loop. The PV loop  
is predicted on the end-systolic pressure–volume relationship 
(ESPVR), which is a linear connection between the end-systolic 
ventricular pressure and the end-systolic LV volume. The Ees is 
the intracavitary pressure needed to expand its volume by one 
unit (mmHg ml−1; normal values 2.3 ± 1 mmHg ml−1), while 
Ea represents the slope of the line connecting the left ventricular 
end-diastolic volume to the ESPVR (normal values 2.2 ± 0.8 
mmHg ml−1). Ventriculo-arterial coupling is the Ea/Ees ratio, 
and the normal values are 1 ± 0.36 mmHg ml−1 [4].

The Ea/Ees ratio is used to assess how well the heart 
and arterial system are matched. Under normal conditions, the 
ratio approximates 1. Increased Ea/Ees suggests higher arterial 
stiffness relative to ventricular function, commonly seen in 
heart failure and hypertension [6]. Decreased Ea/Ees indicates 
impaired contractility, as seen in cases of heart failure with 
reduced ejection fraction (HFrEF) [7]. Thus, VAC acts as a 
significant indicator of the mechanical function of the LV and 
regulation of the cardiovascular system.

Introduction 
of assessment methods

Since the early 2000s, there has been a growing interest in 
non-invasive methods for measuring VAC. Techniques such as 
arterial tonometry, echocardiography, and cardiac MRI, allowed 
for estimates of both Ea and Ees without the need for invasive 
PV loop recordings. This shift was critical for applying VAC in 
broader clinical settings, especially in patients with cardiovascular 
diseases such as heart failure and hypertension. More recent 
research has integrated advanced imaging techniques like MRI 
and echocardiography to assess VAC in greater detail. These 
developments allow for dynamic VAC assessment, considering 
how coupling changes under different physiological conditions 
(e.g., exercise or pharmacological stress) [8]. Additionally, some 
studies have refined how ventricular elastance is estimated non-
invasively through models that incorporate ventricular strain 
and tissue Doppler imaging data, further enhancing the practical 
utility of the VAC formula [9]. The relative merits of invasive 
and non-invasive methods for VAC assessment are summarized 
in Table 1.

Invasive method
●	 High fidelity conductance microcatheters
During cardiac catheterization, a PV loop can be generated, 

that is a graphical representation of the relationship between 
LV pressure and volume throughout the heartbeat. It provides 
valuable insights into both systolic and diastolic function, as 
well as the interaction between the heart and the arterial system. 
A catheter equipped with sensors is introduced into the left 
ventricle through a major artery (usually the femoral artery). The 
catheter records LV pressure and volume continuously. Volume 
changes can be measured using conductance technology or by 
integrating echocardiographic imaging with the catheter's data 
[3]. To determine the Ees and Ea, a brief occlusion of the inferior 
vena cava is performed to reduce venous return. This allows 
clinicians to generate multiple PV loops under different loading 
conditions and calculate the ESPVR (Figure 1) [10].

Table 1
Relative merits of invasive and non-invasive 
methods for VAC assessment

Parameter Invasive method (cardiac 
catheterization)

Non-Invasive methods 
(echocardiography, MRI, 

arterial tonometry)

Accuracy
High accuracy for direct 
measurement of Ees and 
Ea [19].

Moderate to high accuracy; 
depends on the technique 
(MRI is highly accurate, 
echocardiography less precise) 
[20].

Data 
obtained

Direct real-time 
measurement of pressure-
volume relationships and 
detailed hemodynamic 
parameters [21].

Estimation of Ees and 
Ea through indirect 
measurements; waveform 
analysis for arterial properties. 
[22]

Patient risk

High: involves catheter 
insertion, radiation 
exposure, and potential 
complications [23].

Low: non-invasive, generally 
safe with minimal patient 
discomfort [24].

Technical 
expertise

Requires advanced 
technical skills for 
both performance and 
interpretation [25].

Easier to perform but still 
requires training, especially 
in MRI and advanced 
echocardiography.

Cost

High: due to the need for 
specialized equipment 
and invasive procedures 
[26].

Moderate to high: MRI is 
expensive; echocardiography 
and tonometry are relatively 
cheaper [27].

Time 
required

Longer procedure: 
involves preparation, 
catheter insertion, and 
recovery.

Generally quicker (e.g., 
echocardiography), though 
MRI takes longer compared to 
others.

Patient 
comfort

Low: invasive procedures 
are uncomfortable and 
can be painful.

High: non-invasive techniques 
cause minimal discomfort.

Clinical 
Applica
bility

Limited to cases requiring 
highly accurate, direct 
measurements (e.g., 
severe heart failure, 
research) [28].

More widely applicable in 
routine clinical practice for 
screening, monitoring, and 
diagnosis [29].

Measu
rement of 
dynamic 
changes

Excellent: captures real-
time changes in pressure 
and volume relationships.

Limited: non-invasive methods 
may not capture dynamic 
changes as accurately.

Repro
ducibility

High reproducibility in 
controlled settings.

Moderate reproducibility; can 
vary with operator skill and 
technique used.

Use in 
research vs 
clinical

Primarily used in research 
settings or complex 
clinical cases.

Common in both clinical and 
research settings, especially for 
regular monitoring.



6
Journal of Clinical Medicine of Kazakhstan: 2024 Volume 21, Issue 6

●	 Advantages and disadvantages of invasive approach
Since catheterization involves direct measurements of 

pressure and volume, it is by far more precise than non-invasive 
methods like echocardiography or MRI. For assessing complex 
cardiovascular dynamics like VAC, cardiac catheterization is 
considered the gold standard because it provides quantitative, 
real-time data that can be used to calculate indices of ventricular 
contractility and arterial load with unmatched accuracy. 
Furthermore, during catheterization, clinicians can also 
perform therapeutic procedures (e.g., coronary angioplasty or 
valvuloplasty) while assessing cardiac function, making it a 
diagnostic and therapeutic tool.

One of the disadvantages of the method is its invasiveness, 
requiring catheter insertion into the heart or arteries, which 
carries risks of complications like bleeding, infection, or vessel 
damage. Assessing VAC through catheterization requires 
expertise in both the procedure and the interpretation of data, 
including the calculation of Ees and Ea. Due to its invasiveness, 
cardiac catheterization is often reserved for patients with 
suspected or known significant cardiovascular disease, rather 
than being used for routine VAC assessment.

Non-invasive methods
●	 Echocardiographic estimation of Ees and Ea 
Echocardiography is a non-invasive method used to 

estimate VAC through complex mathematical calculations, 
which allow to extrapolate Ees from the information obtained 
in a single cardiac cycle. The method developed by Chen et al. 
includes the calculation of stroke volume (from the velocity-
time integral in the LV outflow tract and the LV outflow tract 
area), the LV ejection fraction, and the BP at two different 
moments of the heart cycle [13]. Doppler imaging are the key 
techniques for estimating these parameters. Arterial elastance is 

An invasive simplified method is based on mathematical 
extrapolation of Ees from single-beat measures [11, 12]. Single 
PV loop measurement represents a single cardiac cycle with 
one contraction and relaxation phase. It can be used to examine 
detailed changes in pressure and volume during systole and 
diastole. From the PV loop, Ees is the slope of the line connecting 
V0 to the end-systolic pressure-volume relation, while Ea is the 
slope of the line connecting the LV end-diastolic volume to the 
end-systolic pressure-volume relation (Figure 2).

Figure 1 –  SThis series of loops, that represent multiple 
cardiac cycles, allow us to observe how the heart’s pressure-
volume relationship changes over time under different 
loading conditions, contractility, or heart rates. By shifting the 
preload (end-diastolic volume), afterload (arterial pressure), or 
contractility, a family of loops can help assess cardiac function. 
The line connecting the end-systolic volumes represents the 
ventricular elastance. Ees: Ventricular elastance; ESPVR: End-
systolic pressure-volume relationship.

Figure 2 –  Schematic drawing of the pressure-volume loop with lines identifying the arterial and ventricular elastance (panel A). 
Pressure-volume loop obtained in a normal subjects from feature-tracking cardiac magnetic resonance imaging. From the pressure-
volume loop, arterial and ventricular elastance are derived (panel B). Ea: Arterial elastance; EDV: End-diastolic volume; Ees: Ventricular 
elastance; ESPVR: End-systolic pressure-volume relationship; ESV: End-systolic volume; PE: Potential energy; SW: Stroke work
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calculated as the ratio of end-systolic pressure (often estimated 
as 0.9 x SBP) to stroke volume [2]. Echocardiography may be 
used to estimate end-systolic elastance, which is a measure of 
ventricular contractility, by monitoring end-systolic pressure 
and end-systolic volume [9].

●	 Advanced imaging to assess ventricular and arterial 
function

MRI offers precise measurements of both ventricular 
elastance and arterial elastance. Ea is calculated as the ratio of 
end-systolic pressure (ESP) to stroke volume (SV), which can 
be accurately measured through MRI’s ability to quantify LV 
volumes and aortic blood flow during the cardiac cycle [14]. MRI 
provides high-resolution images to calculate ESV and assess 
myocardial strain, which is essential for evaluating ventricular 
function and contractility [8]. Recently, advanced software 
based on a mathematical model allows noninvasive analysis 
of PV loops from feature-tracking MRI or echocardiography 
[15]. This new method derives PV loops by combining CMR-
derived volumes with brachial blood pressure measurements, 
providing insights into cardiac function without the need for 
invasive catheterization. This method has been validated against 
traditional invasive techniques, showing strong correlation 
for important hemodynamic parameters such as stroke work, 
ventricular efficiency, and potential energy [16].

●	 Arterial tonometry: pulse wave velocity and arterial 
compliance measurement.

Arterial tonometry is a non-invasive technique used to 
assess VAC by measuring pulse wave velocity (PWV) and 
arterial compliance. PWV reflects arterial stiffness, which is 
a key determinant of arterial elastance. PWV is calculated by 
measuring the speed of the pressure wave traveling through the 
arteries, with higher values indicating increased arterial stiffness 
and thus higher Ea [17].

PWV is measured by recording the pressure waveforms 
at two arterial sites (e.g., carotid and femoral arteries). The 
time it takes for the pressure wave to travel between these 
two points gives PWV, which correlates with arterial stiffness. 
Increased PWV indicates stiffer arteries, meaning higher arterial 
elastance. Arterial compliance is derived from the shape of the 
aortic pressure waveform, which is recorded through tonometry. 
Reduced compliance (stiffer arteries) increases Ea, thus 
increasing the afterload on the heart. Since tonometry focuses 
on arterial parameters, Ees is estimated using complementary 
data from imaging (e.g., echocardiography) or blood pressure-
volume relationships. 

Emerging technologies and computational models
The integration of computational models and machine 

learning algorithms is transforming how VAC is assessed. 
Computational models use mathematical representations of 
the heart and vasculature to simulate the interaction between 
ventricular and arterial function under various conditions. 
These models can incorporate real-time data from non-invasive 
imaging (e.g., echocardiography or MRI) and adjust to dynamic 
physiological changes. More recently, machine learning 
algorithms have been used to analyze large datasets from non-
invasive imaging to predict VAC parameters, such as Ea and Ees, 
without the need for direct invasive measurements. Artificial 
neural networks and other machine learning models have been 
trained to recognize patterns in echocardiographic data that 
correlate with VAC, improving the speed and accuracy of VAC 
assessment [18]. These models have the potential to automate 

the analysis of large imaging datasets, providing personalized 
assessments of VAC for individual patients.

Comparative analysis of assessment methods
In the table provided below we compared invasive and 

noninvasive methods of the VAC assessment (Table 1).

Clinical application of VAC
VAC in heart failure with reduced ejection fraction 

(HFrEF)
Ees and Ea are mismatched in HFrEF due to a reduction 

in myocardial contractility. The mismatch between the heart's 
pumping ability and the arterial load exacerbates heart failure 
symptoms, resulting in decreased stroke volume and higher 
arterial pressures. In individuals with HFrEF, VAC evaluations 
can predict unfavorable outcomes including hospitalization and 
death [19].

VAC in heart failure with preserved ejection fraction 
(HFpEF)

Even though VAC responds dynamically in HFrEF (raised 
values with the lowered Ees and increased Ea), its relevance as a 
dimensionless number is less clear in HFpEF. In fact, in this case 
both Ees and Ea are elevated resulting in a "normal" VAC [6].

VAC in hypertension
Vascular artery stiffness and elastance are increased 

in hypertension, a common disorder that profoundly affects 
VAC. The long-term mismatch between artery and ventricular 
elastance deteriorates cardiovascular outcomes. Early-
stage hypertension is compensated for by the LV enhanced 
contractility, which keeps VAC constant despite the increased 
afterload. But gradually, when arterial stiffness increases and 
VAC is affected, it leads to a decrease in cardiac output and the 
onset of HF symptoms [22]. Through VAC examination, this 
shift can be identified early and treated promptly. A greater risk 
of cardiovascular events, including myocardial infarction and 
stroke, is linked to significant VAC impairment in resistant or 
advanced hypertension. More potent antihypertensive methods 
or gadget-based treatments, like baroreceptor stimulation, may 
fall under this category [30].

VAC in aortic stenosis
Arterial elastance is increased with aortic stenosis because 

the left ventricle is challenged with a fixed outflow barrier. 
Ventricular geometry and contractility are eventually affected 
by this increased afterload. Thus, VAC might be a useful tool 
for monitoring patients with aortic stenosis to identify the best 
time to replace the valve [31]. Quantifying ventricular-arterial 
mismatch is often done using non-invasive techniques such as 
MRI and echocardiography [24].

VAC in coronary artery disease (CAD)
Ischemia in CAD impairs arterial function (increased 

Ea) and ventricular contractility (decreased Ees), which results 
in ineffective coupling. Clinicians can estimate the degree of 
ischemia and choose the best revascularization techniques with 
the use of VAC evaluation [20]. For long-term therapy and 
prognosis, routine VAC evaluation can be useful in patients with 
CAD.
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VAC as a prognostic indicator 
In patients with heart failure, the composite events of 

hospitalization for heart failure and cardiovascular mortality 
were substantially correlated with Ea/Ees [32]. VAC has a 
crucial role in forecasting long-term cardiovascular mortality 
in individuals with prior myocardial infarctions and is an 
independent echocardiographic correlate of B-type natriuretic 
peptide levels in these patients [33]. In patients admitted to 
the intensive care unit, VAC was a powerful and independent 
predictor of in-hospital clinical outcomes (acute heart failure, 
hypoperfusion, requirement for invasive ventilation, intra-aortic 
balloon pump, renal replacement therapy, and mortality) [34]. 
Furthermore, the researchers found that both very high and very 
low VAC values were associated with worse outcomes, including 
higher mortality and fewer ventilator-free days  in patients with 
sepsis or septic shock [35]. This highlights VAC as a potential 
marker for patient prognosis in critical care settings.

Implications 
for therapeutic interventions

Clinicians can evaluate responses to therapy and modify 
treatment plans by assessing non-invasive evaluation of VAC 
[20]. Assessing VAC is critical for directing therapy methods, 
such as diuretics and vasodilators [29]. Reducing Ea by 
therapeutic procedures that target the arterial system (ACE 
inhibitors, angiotensin II receptor blockers, etc.) can improve 
cardiac output and restore a normal balance [21].

Future implications
Need for standardization of non-invasive techniques
Different non-invasive techniques provide different ways 

to estimate ventricular elastance and arterial elastance, leading 
to inconsistent results across studies and clinical settings. For 
example, echocardiography can measure Ees using either global 
longitudinal strain or TDI-derived myocardial velocities, which 
can yield different estimates of contractility [9]. The lack of 
standardized non-invasive techniques makes it difficult to 
establish clear clinical cut-offs for impaired VAC. Studies using 
different imaging modalities often report varying thresholds for 
pathological coupling [36]. The lack of standardized methods 
limits the use of non-invasive VAC assessment in routine care, 
where the ability to accurately monitor VAC could help optimize 
treatment for heart failure patients. Without standardized 
protocols, the variability in these measurements makes it difficult 
to compare findings between studies and ensure consistent 
clinical interpretation.

Potential for personalized treatment based on VAC
In order to provide individualized care, VAC evaluation 

provides a window into the degree of ventricular dysfunction 
and arterial stiffness. Based on VAC findings, tailored treatment 
is being further enhanced through the integration of big data and 
machine learning. AI algorithms are able to forecast individual 

patient responses to specific medicines by examining vast 
datasets from imaging, genetics, and electronic health records. 
For example, VAC parameters may be processed by machine 
learning algorithms to forecast outcomes in heart failure or 
hypertension, enabling more accurate drug and intervention 
modifications.

Conclusion
VAC provides a crucial framework for understanding the 

dynamic interplay between the heart and arterial system. VAC 
assessment has evolved significantly over time, integrating both 
invasive and non-invasive methods for assessing its arterial 
and ventricular components. Clinical applications of VAC 
span various cardiovascular conditions such as heart failure, 
hypertension, and coronary artery disease, offering valuable 
insights into disease prognosis and treatment optimization.

The transition from invasive methods like cardiac 
catheterization to non-invasive techniques such as 
echocardiography, MRI, and arterial tonometry has widened the 
clinical application of VAC assessment, making it more accessible 
in routine clinical practice. Each method comes with its own 
strengths and limitations, with MRI offering high precision and 
echocardiography providing widespread applicability.

Further advancements in computational models and 
machine learning algorithms have the potential to revolutionize 
VAC assessment by predicting patient-specific outcomes and 
tailoring therapeutic interventions. However, the variability in 
non-invasive measurement techniques underscores the need for 
standardized protocols to ensure consistency across clinical and 
research settings. Ultimately, VAC may serve as an essential 
diagnostic and prognostic tool in cardiovascular medicine, 
offering new avenues for personalized treatment strategies and 
improved patient outcomes. Ongoing research and technological 
developments are expected to refine VAC assessment and 
enhance its clinical utility.

Author Contributions: Writing – original draft 
preparation, BT; project administration, AZ; data curation, 
ZK; investigation, DJ; Conceptualization, writing – review 
and editing, funding acquisition, AS. All authors have read and 
agreed to the published version of the manuscript.

Disclosures: There is no conflict of interest for all authors.

Acknowledgments: None.

Funding: This study was funded by a grant of the Ministry 
of Education and Science of the Republic of Kazakhstan, 
№ AP23490021.

References 
1.	 Sunagawa K, Maughan WL, Burkhoff D, Sagawa K. Left ventricular interaction with arterial load studied in isolated canine 

ventricle. Am J Physiol. 1983; 245 (5 Pt 1). https://doi.org/10.1152/ajpheart.1983.245.5.H773. 
2.	 Kelly RP, Ting CT, Yang TM, Liu CP, Maughan WL, Chang MS, et al. Effective arterial elastance as index of arterial vascular 

load in humans. Circulation. 1992; 86 (2): 513–521. https://doi.org/10.1161/01.cir.86.2.513. 
3.	 Sunagawa K, Sagawa K, Maughan WL. Ventricular interaction with the loading system. Ann Biomed Eng. 1984; 12(2): 

163–189. https://doi.org/10.1007/BF02584229. 



9
Journal of Clinical Medicine of Kazakhstan: 2024 Volume 21, Issue 6

4.	 Ikonomidis I, Aboyans V, Blacher J, Brodmann M, Brutsaert DL, Chirinos JA, et al. The role of ventricular-arterial coupling 
in cardiac disease and heart failure: assessment, clinical implications and therapeutic interventions. Eur J Heart Fail. 2019; 
21(4): 402–424. https://doi.org/10.1002/ejhf.1436. 

5.	 Chantler PD. Arterial Ventricular Uncoupling With Age and Disease and Recoupling With Exercise. Exerc Sport Sci Rev. 2017; 
45(2): 70–79. https://doi.org/10.1249/JES.0000000000000100. 

6.	 Borlaug BA, Kass DA. Ventricular-vascular interaction in heart failure. Heart Fail Clin. 2008; 4(1): 23–36. https://doi.
org/10.1016/j.hfc.2007.10.001. 

7.	 Chantler PD, Lakatta EG, Najjar SS. Arterial-ventricular coupling: mechanistic insights into cardiovascular performance at 
rest and during exercise. J Appl Physiol. 2008; 105(4): 1342–1351. https://doi.org/10.1152/japplphysiol.90600.2008.

8.	 Namasivayam M, Adji A, Lin L, Hayward CS, Feneley MP, O'Rourke MF, et al. Non-Invasive Quantification of Ventricular 
Contractility, Arterial Elastic Function and Ventriculo-Arterial Coupling from a Single Diagnostic Encounter Using 
Simultaneous Arterial Tonometry and Magnetic Resonance Imaging. Cardiovasc Eng Technol. 2020; 11(3): 283–294. https://
doi.org/10.1007/s13239-020-00462-2. 

9.	 Chirinos JA, Segers P. Noninvasive evaluation of left ventricular afterload: part 1: pressure and flow measurements 
and basic principles of wave conduction and reflection. Hypertension. 2010; 56(4): 555–562. https://doi.org/10.1161/
HYPERTENSIONAHA.110.157321. 

10.	 Starling MR. Left ventricular-arterial coupling relations in the normal human heart. Am Heart J. 1993; 125(6): 1659–1666. 
https://doi.org/10.1016/0002-8703(93)90756-y.

11.	 Senzaki H, Chen CH, Kass DA. Single-beat estimation of end-systolic pressure-volume relation in humans. A new method with 
the potential for noninvasive application. Circulation. 1996; 94(10): 2497–2506. https://doi.org/10.1161/01.cir.94.10.2497.

12.	 Shishido T, Hayashi K, Shigemi K, Sato T, Sugimachi M, Sunagawa K. Single-beat estimation of end-systolic elastance using 
bilinearly approximated time-varying elastance curve. Circulation. 2000; 102(16): 1983–1989. https://doi.org/10.1161/01.
cir.102.16.1983.

13.	 Chen CH, Fetics B, Nevo E, Rochitte CE, Chiou KR, Ding PA, et al. Noninvasive single-beat determination of left ventricular 
end-systolic elastance in humans. J Am Coll Cardiol. 2001; 38(7): 2028–2034. https://doi.org/10.1016/s0735-1097(01)01651-
5.

14.	 Bastos MB, Burkhoff D, Maly J, Daemen J, den Uil CA, Ameloot K, et al. Invasive left ventricle pressure-volume analysis: 
overview and practical clinical implications. Eur Heart J. 2020; 41(12): 1286–1297. https://doi.org/10.1093/eurheartj/ehz552.

15.	 Pedrizzetti G, Claus P, Kilner PJ, Nagel E. Principles of cardiovascular magnetic resonance feature tracking and echocardiographic 
speckle tracking for informed clinical use. J Cardiovasc Magn Reson. 2016; 18(1): 51. https://doi.org/10.1186/s12968-016-
0269-7. 

16.	 Arvidsson PM, Green PG, Watson WD, Shanmuganathan M, Heiberg E, De Maria GL, et al. Non-invasive left ventricular 
pressure-volume loops from cardiovascular magnetic resonance imaging and brachial blood pressure: validation using pressure 
catheter measurements. Eur Heart J Imaging Methods Pract. 2023; 1(2): qyad035. https://doi.org/10.1093/ehjimp/qyad035.

17.	 Laurent S, Cockcroft J, Van Bortel L, Boutouyrie P, Giannattasio C, Hayoz D, et al. Expert consensus document on arterial 
stiffness: methodological issues and clinical applications. Eur Heart J. 2006; 27(21): 2588–2605. https://doi.org/10.1093/
eurheartj/ehl254.

18.	 Zhou J, Du M, Chang S, Chen Z. Artificial intelligence in echocardiography: detection, functional evaluation, and disease 
diagnosis. Cardiovasc Ultrasound. 2021;19(1): 29. https://doi.org/10.1186/s12947-021-00261-2. 

19.	 Suga H, Sagawa K. Instantaneous pressure-volume relationships and their ratio in the excised, supported canine left ventricle. 
Circ Res. 1974; 35(1): 117–126. https://doi.org/10.1161/01.res.35.1.117.

20.	 Walsh TF, Hundley WG. Assessment of ventricular function with cardiovascular magnetic resonance. Cardiol Clin. 2007; 
25(1): 15–33. https://doi.org/10.1016/j.ccl.2007.01.002. 

21.	 Kass DA, Maughan WL. From 'Emax' to pressure-volume relations: a broader view. Circulation. 1988; 77(6): 1203-1212. 
https://doi.org/10.1161/01.cir.77.6.1203. 

22.	 Kelly R, Hayward C, Ganis J, Daley J, Avolio A, O'Rourke M. Noninvasive registration of the arterial pressure pulse waveform 
using high-fidelity applanation tonometry. J Vasc Med Biol. 1989; 1: 142–149.

23.	 West R, Ellis G, Brooks N; Joint Audit Committee of the British Cardiac Society and Royal College of Physicians of London. 
Complications of diagnostic cardiac catheterisation: results from a confidential inquiry into cardiac catheter complications. 
Heart. 2006; 92(6): 810–814. https://doi.org/10.1136/hrt.2005.073890.

24.	 Marcu CB, Beek AM, van Rossum AC. Clinical applications of cardiovascular magnetic resonance imaging. CMAJ. 2006; 
175(8): 911–917. https://doi.org/10.1503/cmaj.060566. 

25.	 Muller JC, Kennard JW, Browne JS, Fecher AM, Hayward TZ. Hemodynamic monitoring in the intensive care unit. Nutr Clin 
Pract. 2012; 27(3): 340–351. https://doi.org/10.1177/0884533612443562. 

26.	 Otero HJ, Rybicki FJ, Greenberg D, Mitsouras D, Mendoza JA, Neumann PJ. Cost-effective diagnostic cardiovascular imaging: 
when does it provide good value for the money? Int J Cardiovasc Imaging. 2010; 26(6): 605–12. https://doi.org/10.1007/
s10554-010-9634-z.

27.	 Klaeboe LG, Edvardsen T. Echocardiographic assessment of left ventricular systolic function. J Echocardiogr. 2019;17(1):10-
16. https://doi.org/10.1007/s12574-018-0405-5.

28.	 Burkhoff D, Sagawa K. Ventricular efficiency predicted by an analytical model. Am J Physiol. 1986;250(6 Pt 2). https://doi.
org/10.1152/ajpregu.1986.250.6.R1021.

29.	 Lang RM, Badano LP, Mor-Avi V, Afilalo J, Armstrong A, Ernande L, et al. Recommendations for cardiac chamber quantification 
by echocardiography in adults: an update from the American Society of Echocardiography and the European Association of 
Cardiovascular Imaging. J Am Soc Echocardiogr. 2015;28(1):1-39.e14. https://doi.org/10.1016/j.echo.2014.10.003.



10
Journal of Clinical Medicine of Kazakhstan: 2024 Volume 21, Issue 6

30.	 Howard LS, Grapsa J, Dawson D, Bellamy M, Chambers JB, Masani ND, et al. Echocardiographic assessment of pulmonary 
hypertension: standard operating procedure. Eur Respir Rev. 2012;21(125):239-48. https://doi.org/10.1183/09059180.00003912.

31.	 Sevilla T, Revilla-Orodea A, San Román JA. Timing of Intervention in Asymptomatic Patients with Aortic Stenosis. Eur 
Cardiol. 2021;16. https://doi.org/10.15420/ecr.2021.11.

32.	 Yokoyama H, Yamanaka F, Shishido K, Ochiai T, Yokota S, Moriyama N, et al. Prognostic Value of Ventricular-Arterial 
Coupling After Transcatheter Aortic Valve Replacement on Midterm Clinical Outcomes. J Am Heart Assoc. 2021;10(18). 
https://doi.org/10.1161/JAHA.120.019267.

33.	 Antonini-Canterin F, Enache R, Popescu BA, Popescu AC, Ginghina C, Leiballi E, et al. Prognostic value of ventricular-
arterial coupling and B-type natriuretic peptide in patients after myocardial infarction: a five-year follow-up study. J Am Soc 
Echocardiogr. 2009 Nov;22(11):1239-45. https://doi.org/10.1016/j.echo.2009.08.009. Epub 2009 Sep 26

34.	 Trambaiolo P, Figliuzzi I, Salvati M, Bertini P, Brizzi G, Tocci G, et al. Ventriculo-arterial coupling in the intensive cardiac 
care unit: A non-invasive prognostic parameter. Int J Cardiol. 2022;348:85-89. https://doi.org/10.1016/j.ijcard.2021.12.026.

35.	 Lian H, Li S, Zhang Q, Wang X, Zhang H. U-shaped prognostic value of left ventricular-arterial coupling in septic patients: a 
prospective study. Eur J Med Res. 2024 Aug 29;29(1):435. https://doi.org/10.1186/s40001-024-02037-6.

36.	 Johannesen J, Fukuda R, Zhang DT, Tak K, Meier R, Agoglia H, et al. Direct comparison of echocardiography speckle tracking 
and cardiac magnetic resonance feature tracking for quantification of right ventricular strain: a prospective intermodality study 
in functional mitral regurgitation. Echo Res Pract. 2022;9(1):11. https://doi.org/10.1186/s44156-022-00011-8. 



11
Journal of Clinical Medicine of Kazakhstan: 2024 Volume 21, Issue 6

Review Article DOI: https://doi.org/10.23950/jcmk/15571

JOURNAL OF CLINICAL MEDICINE OF KAZAKHSTAN (E-ISSN 2313-1519)

Abstract
Introduction: Kidney transplantation is recognized as the most effective 

treatment for children with end-stage renal disease (ESRD), providing significant 
improvements in quality of life and long-term survival. Traditional methods to 
detect involve after allograft rejection AR primarily invasive biopsy procedures 
that, while diagnostic, carry significant risks, especially in pediatric patients. 
Therefore, there is an urgent need for safer, less invasive, and more patient-
friendly methods to monitor graft health. Metabolomics, the comprehensive 
analysis of small-molecule metabolites within a biological sample, offers a 
promising solution.

Materials and Methods: This paper is a non-systematic review. PubMed 
and Scopus-indexed journals were used to collect articles for research. In 
general, 6 papers were included.

Results: Our findings indicate that specific urinary metabolites can serve 
as sensitive and specific indicators of AR, offering a safer alternative to biopsies. 
Metabolomic profiling not only provides real-time insights into graft health, 
but also supports personalized management strategies to improve patient 
outcomes. This study contributes to the evolving field of transplant diagnostics, 
demonstrating how non-invasive methods such as metabolomics could 
revolutionize the monitoring and treatment of pediatric kidney transplant 
recipients.

Keywords: Metabolomics, pediatrics, kidney transplantation, rejection, 
biomarkers.
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Introduction
Kidney transplantation is recognized as the most 

effective treatment for children with end-stage renal 
disease (ESRD), offering significant improvements in 
quality of life and long-term survival [1, 2]. 

Additionally, pediatric kidney transplantation 
can improve growth and development outcomes, 
neurocognitive function, learning ability, and quality of 

life compared to young patients on chronic hemodialysis 
or peritoneal dialysis [3, 4].

Despite advances in posttransplant management, 
including immunosuppressive therapy, long-
term success is still limited by complications of 
immunosuppression, rejection, and disease recurrence 
[5].

J Clin Med Kaz 2024; 21(6): 11–17
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In Figure 1, we have plotted some of the possible 
complications according to their time of onset. It is important 
to note that some of these are unique to the pediatric population. 
And the risk of acute graft rejection (AR) remains high in both 
adults and children and can lead to graft dysfunction and loss if 
not promptly recognized and treated [6]. 

related to kidney transplantation or rejection; 4) Study design: 
Case reports, case series, retrospective or prospective studies; 
5) General: Studies without identified conflicts of interest and 
those considered unbiased. 

The following medical subject headings (MeSH) were used: 
'metabolites'/exp OR metabolites AND 'kidney graft rejection'/
exp OR 'kidney graft rejection' AND 'acute graft rejection'/
exp OR 'acute graft rejection' AND 'child'/exp OR child; 
'metabolites'/exp OR metabolites AND 'kidney graft rejection'/
exp OR 'kidney graft rejection' AND ('child'/exp OR child; 
'metabolites'/exp OR metabolites AND 'kidney transplantation'/
exp OR 'kidney transplantation' AND 'child'/exp OR child AND 
'kidney injury'/exp OR 'kidney injury'; 'metabolites'/exp OR 
metabolites AND 'kidney allograft rejection'/exp OR 'kidney 
allograft rejection' AND 'child'/exp OR child. 

Studies were excluded if their populations overlapped with 
those of previously included articles or if they focused on adult 
populations. Following the screening and selection process, data 
were extracted and analyzed for inclusion in the final review. 
Only English language publications were included. 

The flowchart of this literature search according to the 
PRISMA guidelines is shown in Figure 2.

Figure 1 –  Possible complications according to their time of 
onset

Traditional methods of detecting AR mainly involve 
invasive biopsy procedures that, while diagnostic, carry 
significant risks, especially in pediatric patients. These risks 
include bleeding, infection, and the psychological distress 
associated with invasive testing [7]. Therefore, there is an urgent 
need for safer, less invasive, and more patient-friendly methods 
to monitor graft health.

In recent years, attention has focused on identifying 
noninvasive biomarkers that can reliably predict acute rejection 
episodes. Non-invasive biomarkers detectable in biological 
fluids such as blood, urine, or saliva are a promising alternative to 
biopsy [8]. They have the potential to transform post-transplant 
care by allowing earlier and more frequent monitoring of graft 
status without the discomfort and risks associated with tissue 
biopsy.

Metabolomics, the comprehensive analysis of small 
molecule metabolites within a biological sample, offers a 
promising solution [9]. By reflecting the body's dynamic 
response to biological conditions or disease states, metabolomic 
profiling has the potential to serve as a sensitive and specific 
biomarker for the early detection of graft rejection.

The aim of our paper is to explore the use of metabolomics 
as a noninvasive biomarker of metabolomics profile in children 
with diverse graft conditions, including non-specified chronic 
injury after kidney transplantation. By analyzing changes in 
metabolic pathways and identifying signature metabolites 
associated with rejection, this study aims to contribute to 
the development of a safer and more effective approach to 
posttransplant monitoring that may significantly improve patient 
management and outcomes.

Methods 
This review was conducted using peer-reviewed journals 

indexed in PubMed, Google Scholar, Scopus, and EMBASE. 
The literature search spanned from inception to 2024, focusing 
on articles related to metabolomics in pediatric kidney 
transplantation. The search strategy was designed to identify 
relevant studies, and the screening process included several 
steps.

First, all references identified by the database searches were 
independently reviewed at the abstract level by the lead author. 
Studies considered potentially relevant were selected for full-
text retrieval and further assessment. To be eligible for inclusion, 
studies had to meet the following criteria 1) Population: Pediatric 
patients, regardless of body mass, who had undergone renal 
transplantation; 2) Intervention: Use of metabolomic analysis 
of urine samples; 3) Outcome: Any reported clinical outcome 

Figure 2 –  Flowchart of Study Selection

Results
A total of six clinical research articles were included in 

the final analysis. These studies primarily presented aggregated 
clinical and laboratory data from pediatric patients who had 
undergone renal transplantation. A total of 716 samples were 
reported, with the number of metabolites reported ranging from 
10 to 20 in each study.

All included studies focused on posttransplant patients; 
however, the objectives of the studies varied. Two studies 
specifically investigated the metabolite profiles associated with 
T-cell-mediated rejection, while one study focused on antibody-
mediated rejection. In addition, one study each investigated 
acute rejection, chronic rejection and nonrejection renal injury. A 
detailed summary of the metabolite data and the study objectives 
is provided in Table 1.
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This variation in the focus of the study highlights the 
diversity of metabolic alterations associated with different 
forms of graft injury in pediatric renal transplantation. Despite 
differences in the type of rejection studied, all reports provided 
valuable insight into the potential utility of metabolomics as a 
biomarker of graft health and injury.

T cell-mediated rejection (TCMR)
Blydt-Hansen et al. established one of the first reports 

on metabolites associated with T-cell-mediated rejection 
(TCMR) in the pediatric cohort [10]. The availability of urine 
samples provided an opportunity to investigate the metabolic 
signature that directly reflects the catabolic and anabolic 
pathways inside transplanted kidney tissue. Urine samples of 
57 patients were collected and cases with biopsy confirmed 
TCMR and non-TCMR were analyzed. Metabolics was run in 
accordance with the provided list of urine metabolites through 
liquid chromatography and then mass spectrometry [16]. 134 
metabolites were identified in each sample. Urine samples were 
selected only in the presence of biopsy material collected for 
surveillance in a two-year period. The quantitative amount of 
metabolites was normilized to urine creatinine. The partial least 
squares discriminant analysis (PLS-DA) model suggested a 
threshold for a discriminant score of -0.4 to predict the presence 
of TCMR in comparison to non TCMR samples. The predictive 
accuracy of this discriminant score (AUC = 0.892) was shown 
to be higher compared to the prediction based on creatinine 
value (AUC = 0.756). Metabolites that were run in this PLS-
DA model retained more than 50% significance of the TCMR 
discriminant value and were shown to be significantly different 
from the non TCMR group. The metabolites were: proline, PC: 
aa: C34: 4, kynurenine, sarcosine, methionine.SO, PC: ae: C38: 
6, sulfoxide, threonine, glutamine, phenylalanine, alanine. The 
prediction model based on the selected 10 metabolites comprised 
AUC = 0.88 which is still higher than AUC = 0.756 based on 
GFR. Furthermore, the discriminant score for the condition of 
borderline tubulitis that reflects the extent of kidney injury was 
placed in the range between non-TCMR and TCMR cases. This 
supports the notion that tubulitis is in the continuity towards 
development of TCMR phenotype [10]. This study investigated 
metabolites that could reflect the state of T cell–mediated 
rejection in a period of 2 years after transplantation. 

Mincham et al. assessed the association between the 
severity of kidney rejection histology and urinary biomarkers 
[12]. The study examined a sequential pair of biopsy samples 
along with urine metabolites and CXCL10. CXCL10 chemokine 
was selected as a marker of T cell cytotoxicity. The first tissue 
sample was performed > 2.5 months after kidney transplantation. 
The second kidney sampling was carried out in a period of 1-3 

months after the first biopsy. The urine metabolites and CXCL10 
was taken before biopsy. At the same time, GFR measurements 
were performed at the beginning of the study, every time prior to 
biopsy, and at a 12-month interval. The material of 40 patients 
was collected. Metabolite discriminant score (MDS), was 
obtained according to the same pattern as in the previous studies 
conducted by Blydt-Hansen et al. following the PLS analysis. 
The results showed that the change in GFR taken to assess 
severity between two consequential biopsies did not reflect any 
significance in TCMR acuity. On the contrary, changes as well 
as the change in metabolite discriminant scores of two tissue 
samples, were shown to contain significant association with the 
severity of T-cell-mediated kidney rejection [12]. This was the 
first study to implement an assessment of the metabolic change 
in combination with chemokine CXCL10 to assess the acuity of 
TCMR in two consecutive histological samples.

Antibody-mediated rejection
Blydt-Hansen et al. team also investigated the urine 

metabolomic signature in the antibody mediated rejection 
(AMR) after kidney transplantation [11]. The study included 
59 patients. AMR was selected in comparison to the non-AMR 
group on histopathological presence of antibodies that interact 
with kidney endothelium and presence of donor-specific HLA 
antibodies (DSA) in plasma. Biopsies were collected in the 
first month and then every 3-6-12 months after transplantation. 
Liquid chromatography along with mass spectrometry analysis 
identified 133 metabolites in each urine sample. Partial 
least squares (PLS) analysis was applied to determine AMR 
discriminant score. The mean AMR score was 0.28 ± 0.14 with 
the threshold level for AMR prediction 0.23, while the mean score 
for non-AMR was 0.10 ± 0.13. Interestingly, it was shown that 
other inflammatory conditions such as UTI have an AMR score 
of 0.07 ± 0.08 which is similar to the non-AMR group. It shows 
that AMR differentiates between rejection and inflammation. The 
AMR model highlighted the contribution of 10 metabolites with 
AUC = 0.806: proline, citrulline, phosphatidylcholine aa.C34.4, 
C10.2, tetradecanoylcarnitine, lysine, methionine sulfoxide, 
hexose, threonine, acetylornithine. It is noteworthy that the 
first five metabolites were statistically significant compared to 
the AMR and non-AMR groups. Interestingly, the AMR group 
also demonstrated some clinical differences. Posttransplantation 
time in the AMR group was almost two times higher versus non-
AMR group. Although proteinuria was the same in both groups, 
the AMR group showed a 25% decrease in eGFR compared 
to non-AMR samples. When the AMR classifier model was 
compared to the previous TCMR model, common metabolites 
such as PC.aa.C34.4, proline, citrulline, methionine sulfoxide 
and threonine. were noticed [11]. 

Author, year Sample, n Goal of the study Result
1. Blydt-Hansen et al.

2014 [10]
Urine,
n = 57 Pts

T cell–mediated rejection (TCMR) 
metabolites

10 metabolites classifier,
AUC = 0.88

2. Blydt-Hansen et al.
2017 [11]

Urine,
n = 59 Pts

Antibody-mediated rejection 
metabolites

10 metabolites classifier 
AUC = 0.806

3. Mincham et al.
2018 [12]

Urine, 
n = 40 Pts. 

Association b/w TCMR acuity and 
urine biomarkers

Urine metabolites + CXCL10 are better in 
assessing TCMR acuity than GFR

4. Landsberg et al.
2018 [13]

Urine, 
n = 51 Pts. 

Chronic injury metabolites after KTx 20 metabolites classifier,
IFTA (AUC = 0.71), percent GS (AUC = 0.81)

5 Archdekin et al.
2019 [14]

Urine, 
n =199 samples

Non‐rejection kidney injury 
metabolites 

20 metabolites classifier, 
AUC = 0.79

6. Sigdel et al.
2020 [15]

Urine, 
n = 310 Pts

Acute rejection, and kidney injury 
metabolites in KTx

11 metabolites and 9 metabolites

Table 1
Summary of the studies from 1999-2024 on metabolites as non-invasive biomarkers of allograft injury/
rejection in kidney pediatric transplantation

Pts, Participants; KTx kidney transplantation.
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This supports the common pathophysiology in the 
mechanism of allograft rejection. Therefore, the study 
demonstrated the development of an antibody-mediated rejection 
classifier with 10 distinct metabolites that share common 
composition with T-cell-mediated kidney allograft rejection.

Chronic injury metabolites after KTx
The next study highlighted the search of metabolites 

specificity for post transplantation chronic kidney injury [13]. 
The study model was based on the previously elaborated 
PLS discriminant analysis, resulting in the elucidation of the 
discriminant score, i.e., Dscore. The Dscore was obtained as a 
solution to the discriminant equation, where the relative weight of 
the 133 urine metabolites was considered during model training 
towards a specific clinical condition. In this study, the dscore was 
calculated for glomerulosclerosis (GS) and interstitial fibrosis 
and tubular atrophy (IFTA) that were assumed to be chronic 
damage processes that accumulate after allograft transplantation 
[13]. 51 participants were included and sampling time was 28.9 
± 30.3 months after allograft transplantation. As a result, 20 most 
important metabolites for IFTA (AUC = 0.71), percent GS (AUC 
= 0.81) were identified. IFTA metabolites consisted of hexose, 
ornithine, leucine, c8, arginine, SM.OH.C22.2, histamine, C5.1, 
PC.aa.C30.2, histidine, lysine, C4.1, SM.C16.0, C6.1, C5.OH.
C3.DC.M, SM.C20.2, PC.aa.C32.3, C5.M.DC, C3.DC.C4.OH, 
PC.ae.C38.2. While GS metabolites were arginine, C8, Met.
SO, C5.OH.C3.DC.M, histidine, threonine, C10.2, kynurenine, 
glutamine, SM.OH.C22.2, proline, SM.C16.0, PC.aa.C30.2, 
ornithine, SM.C26.1, C4.1, leucine, SDMA, SM.C20.2, 
histamine. The classifiers share 12 metabolites in common, 
representing the intertwined nature of two processes in the 
formation of a chronic kidney injury condition. Therefore, the 
study was the first to define the metabolome composition of urea 
for such chronic processes such as IFTA and GS.

Non‐rejection kidney injury after KTx
Another study searched for metabolites during nonrejection 

kidney injury (NRKI) emerged [14]. The authors assumed that 
NRKI may be one of the pathophysiological mechanisms as a 
result of adult kidney transplantation to a child that cannot meet 
the perfusion demands of an organ. During selection, all tissue 
that contained signs or rejection such as TCMR, AMR were 
excluded from NRKI group, thus reflecting the cohort with the 
clinical and histological traits of kidney injury phenotype. The 
study applied the PLS-DA method to measure the contribution 
of the 133 metabolites found in each urine sample that best 
describes the clinical condition of interest [14]. 199 urine samples 
were run through the machine learning protocol to identify 
NRKI and non-NRKI metabolites. Thus, 20 most significantly 
contributing the the phenotype were selected (AUC = 0.79): 
Orn, Met.SO, Leu, Hexose, Ac.Orn, PC.aa.C34.4, Pro, C5.1, 
C4, C3.OH, PC.ae.C44.5, PC.aa.C30.2, ADMA, Histamine, C9, 
Met, C2, C5.M.DC, C5.OH.C3.DC.M. Furthermore, the model 
was able to distinguish NRKI from clinical rejection with AUC 
= 0.81. The current investigation was the first in the direction 
of metabolite identification to differentiate between patterns of 
kidney injury and kidney rejection. 

Acute rejection and kidney injury in KTx
One of the recent studies identified the panel of 

metabolites that differentiate kidney injury and rejection based 
on the larger number of participants (n=310) compared to 
previous studies [15]. Gas chromatography-mass spectrometry 
analysis identified 266 metabolites present in the urine samples 
of participants. After applying VSURF methodology, the team 

identified 9 metabolites (Glycine, N-methylalanine, Adipic acid, 
Glutaric acid, Inulobiose, Threitol, Isothreitol, Taurine, Sorbitol, 
Isothreonic acid) that characterized acute and chronic injury 
after transplantation in comparison to stable allograft phenotype 
(AUC = 0.950). Applying the same method, they identified 11 
metabolites (Glycine, Glutaric acid, Adipic acid, Inulobiose, 
Threose, Sulfuric. Taurine, acid N-methylalanine, Asparagine, 
5-aminovaleric acid lactam, Myo-inositol) differentiating the 
acute rejection phenotype from the stable allograft (AUC = 
0.985). Thus, the study investigated a panel for the the metabolic 
signature for phenotypes of kidney injury and acute rejection 
compared to stable kidney transplant [15].

Discussion
Although a few studies were conducted in search of 

metabolomic profile for detection of allograft rejection, some 
conclusions could be drawn. Notably, five out six studies 
described in this review were conducted by the Blydt-Hansen et 
al. team. The team applied the partial least squares discriminant 
analysis (PLS-DA) model, highlighting the most frequent 
metabolites that are converted into a classifier. In every study, 
gas chromatography and mass spectrometry analysis detected 
only 133-134 metabolites, in comparison with the last study 
conducted by Sigdel TK et al., where the team detected 266 
metabolites. Although the spectrum of urine metabolites includes 
2651 identified compounds [16], only 5 % of the total identified 
urine metabolites was mentioned in the first five studies and 10 
% in the last study. Both teams applied different bioinformatics 
methodologies to identify the most frequently attractive 
metabolites. It is interesting to know whether the classifiers 
composition changes if the number of detected metabolites 
increases and the bioinformatics methodology is unified. It 
should also be mentioned that only last study elaborated on the 
metabolic pathways that were involved based on the metabolite 
composition. Separation between acute and chronic rejection 
would also be beneficial for unifying common metabolic panels 
for acute and chronic states. However, in order to elucidate 
similar patterns of metabolites as biomarkers predicting 
allograft rejection, the ideal scenario includes patients with the 
same meal plan, drug consumption, enzyme liver activity and 
similar microbiome patterns, since urine contains the waste 
products of all reactions in the body. Therefore, to generalize 
the metabolic panel predicting kidney allograft rejection, further 
studies should be implemented, starting with the description of 
the metabolic pathways involved and stratification of the patient 
with respect to the drugs consumed, food preferences, and 
microbiome characterization.

Traditional methods and their limitations 
Traditional methods for detecting renal allograft rejection 

in pediatric patients include serum creatinine, proteinuria 
measurement, and renal biopsy. Although these methods are 
fundamental to transplant monitoring, they have significant 
limitations that can affect clinical decision-making and patient 
outcomes.

The measurement of creatinine and its derivatives, 
although inexpensive and accessible, has low specificity and 
sensitivity. In pediatric practice, subclinical rejection confirmed 
histologically by biopsy is often found in the absence of any 
change in creatinine levels [17].

The study by Naesens and colleagues shown that, despite 
its relatively high specificity for transplant glomerulopathy, 
microcirculatory inflammation, and glomerular disease, 
proteinuria has a low sensitivity for intragraft injury [18]. 
Thus, proteinuria can be >1.0 g/24 h, and significant injury also 
confirmed histologically. 
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Although tissue biopsy is the gold standard for assessing 
graft status in transplantation [19], its use, especially in pediatric 
patients, is associated with complications, including the risk 
of adverse events such as bleeding and arteriovenous fistula, 
variability in interpretation, and is usually limited to the early 
post-transplant period [7, 20]. 

There continues to be a debate about the role of protocol 
biopsies in altering long-term allograft survival due to variability 
in immunosuppressive regimens and treatment of subclinical 
rejection. Studies suggest that pre-emptive treatment based on 
subclinical signs may improve graft survival, but stable patients 
sometimes show no adverse effects due to lack of treatment 
despite biopsies indicating potential problems [21, 22]. Another 
challenge in the routine use of biopsies is the variability in 
interpretation. Interpretation of biopsy results can vary widely 
depending on the pathologist’s experience and the quality of 
the specimen [23]. This variability can lead to inconsistent 
diagnoses that affect treatment decisions. However, biopsy is 
currently the validation method for the development of new 
noninvasive markers.

Search for noninvasive biomarkers
The need for non-invasive monitoring is underscored by 

the results of studies such as the Canadian PROBE study, which 
suggest that traditional functional monitoring cannot adequately 
resolve or accurately assess the treatment of rejection episodes 
[24]. This underscores the growing interest in the need for 
improved non-invasive monitoring techniques that can provide 
a continuous and reliable assessment of graft status and help to 
better tailor personalized treatment strategies.

Urine biomarkers are the most promising way to 
noninvasively monitor graft status in pediatric kidney transplant 
patients. Unlike tissue biopsy, urine biomarkers offer a safe, 
reproducible, and stress-free alternative for ongoing assessment 
[25]. This is particularly important in children, where 
avoiding invasive procedures is a priority due to their smaller 
anatomical size, higher risk of procedural complications and 
the psychological impact of repeated procedures. Biomarkers in 
urine can be collected non-invasively and frequently, allowing 
real-time monitoring of graft function and detection of early 
rejection without the need for hospital visits or anesthesia [26].

The studies presented in this review offer significant 
potential for noninvasive monitoring of kidney transplant status in 
the pediatric population using urinary metabolomic biomarkers. 
These results highlight the potential of these biomarkers to 
improve the detection, differentiation, and management of renal 
allograft injury and rejection, thus improving patient care and 
reducing the reliance on invasive biopsy procedures.

Metabolomics play an important role in the early detection 
of AKI in kidney transplant recipients and in the differentiation 
between NRKI and rejection in children. Thus, the Archdekin 
study highlights the potential of metabolomics as a powerful 
tool for the noninvasive diagnosis and differentiation of NRKI 
from acute graft rejection (AR) in pediatric kidney transplant 
recipients [15]. The development of a urinary metabolite 
signature to accurately differentiate NRKI from AR represents 
a significant step forward in the post-transplant management 
of pediatric patients. The results of this study are particularly 
relevant in clinical settings where the distinction between NRKI 
and rejection is critical to determine the appropriate intervention. 
Current methods, based primarily on invasive biopsies and serum 
creatinine measurement, do not adequately detect NRKI at an 
early stage, often resulting in delayed or inadequate treatment. 
The introduction of a metabolomic approach could significantly 
change the approach by providing a rapid, non-invasive, and 

reliable method to assess renal function and identify lesion types.
Our analysis also highlights the potential of metabolomics 

to generate highly sensitive and specific biomarkers of acute 
rejection and BK-viral nephritis (BKVN) [16]. Additionally, 
the ability to differentiate BKVN from acute rejection using a 
separate set of four metabolites underscores the individualized 
approach to metabolomics. BKVN, which is often difficult to 
diagnose and treat, can have a significant impact on patient 
management. The ability to distinguish between different types 
of kidney damage using noninvasive urine tests represents a 
significant advance in transplantation, especially in pediatric 
populations who are often more susceptible to the risks 
associated with invasive procedures.

Advantages of Metabolomics
The use of metabolomics has the distinct advantage of 

providing a real-time metabolic snapshot of the organ. This is 
very important in transplantation, where early intervention can 
dramatically affect patient outcome. The ability to detect acute 
and borderline TCMR with high accuracy may help physicians 
more effectively tailor immunosuppressive therapy, potentially 
prolonging graft survival and improving patient quality of life 
[10, 13]. The incorporation of urine metabolomics into routine 
posttransplant monitoring may change current practice by 
reducing the frequency and need for invasive biopsies, which 
carry a risk of complications and are particularly challenging in 
the pediatric population.

Studies have shown that certain metabolomic profiles can 
predict long-term renal function and graft survival. For example, 
the Metabolite Discriminant Score (MDS) correlates with 
changes in kidney graft health over time and has been shown 
to predict mid- to long-term functional outcomes [13, 22]. This 
predictive ability allows the development of more personalized 
management strategies and the adjustment of immunosuppressive 
therapy prior to the onset of clinical symptoms or irreversible 
damage.

Considering the potential of urinary metabolomics as the 
least invasive, other studies are noteworthy. For example, Wang 
et al. conducted a study in adults showing that the intestinal 
metabolic profile of patients with AMR was significantly 
different from that of patients with ESRD, while it was not 
clearly different from that of recipients with stable renal function 
[27].

Additionally, metabolomic studies can be performed in 
different biological media from the same patient, potentially 
increasing the diagnostic relevance. Iwamoto and colleagues 
used CE-MS to analyze the metabolomic profiles of saliva, 
plasma, and urine collected from kidney transplant recipients 
and donors. Clear differences in metabolomic profiles were 
demonstrated between recipients with impaired and stable renal 
function [28].

Challenges and barriers to metabolomics 
implementation

At the same time, we should understand some challenges 
and barriers to the implementation of metabolomics [29]. One 
of the major challenges in using metabolomics for clinical 
diagnosis, such as the detection of acute transplant rejection, is 
achieving high sensitivity and specificity. Metabolic changes 
associated with rejection can be subtle and masked by metabolic 
fluctuations caused by other physiological or pathological 
conditions. The identification of metabolites that are 
consistently and uniquely altered during graft rejection requires 
comprehensive and controlled studies [30]. The reproducibility 
of metabolomic analyzes can be affected by variations in sample 
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collection, processing, and storage, as well as differences in 
analytical techniques and equipment. Standardizing these aspects 
is crucial to ensure that metabolomic profiles are reliable and 
comparable across different settings and time points [31]. For 
metabolomics to be applicable in clinical settings, the methods 
used must be compatible with the routine workflow of medical 
laboratories. This includes aspects such as cost, analysis time, 
and the need for specialized equipment and trained personnel 
[32]. Collaboration between researchers, clinicians, and industry 
is needed to overcome these challenges. The development of 
robust, standardized, and validated protocols and advanced 
computational tools for data analysis will increase the reliability 
and clinical utility of metabolomics. 

The limitations of our study are that we only considered 
urinary metabolomics and only in pediatric practice in the post-
transplant period. However, other omics can be considered as 
potential and diagnostically relevant. For example, consider 
metabolomics in the diagnosis of other acute and chronic 
diseases.

Conclusion
Our study highlights the promising potential of 

metabolomics as a noninvasive biomarker for the detection 
of graft rejection in pediatric kidney transplant recipients. By 
identifying specific metabolic signatures in urine, our study 
provides an important tool that can significantly improve post-
transplant monitoring by offering a reliable, safe, and patient-
friendly alternative to invasive biopsies. The results highlight 
the sensitivity and specificity of urinary metabolites in reflecting 
the status of the graft, which can allow earlier and more accurate 
interventions to prevent graft loss and improve long-term results.

Furthermore, the use of metabolomics represents a 
shift toward more personalized medicine, where treatments 
can be tailored based on individual metabolic changes. This 
may lead to a more nuanced and effective management of 
immunosuppression, reducing the incidence of rejection 
and other complications associated with pediatric kidney 
transplantation. Future research should focus on large-scale 
multicenter studies to validate these findings and facilitate 
the development of standardized guidelines for the use of 
urinary biomarkers and metabolomics in clinical practice. In 
addition, the combination of metabolomics with other "omics" 
technologies, such as genomics and proteomics, may lead to a 
more comprehensive understanding of graft health and rejection 
mechanisms. This integrated approach may pave the way for 
truly personalized medicine in kidney transplantation. 
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Abstract
Vitiligo is a dermatological condition affecting 1% of the global 

population, characterized by the loss of skin pigmentation. It appears in two 
main forms: nonsegmental (symmetrical depig-mentation) and segmental 
(localized depigmentation). Oxidative stress and mitochondrial dysfunc-tion 
in melanocytes cause vitiligo, while immune privilege protects hair follicle 
melanocytes, allow-ing for possible repigmentation. Genetic factors and 
associations with other autoimmune diseases, such as type 1 diabetes and 
thyroiditis, suggest a heritable autoimmune component. CD8+ T cells play a 
crucial role in vitiligo, targeting melanocytes and promoting apoptosis. These 
cells, along with IFN-γ signaling, contribute to disease progression. Therapies 
targeting these pathways, such as JAK inhibitors, have shown promise 
in repigmentation, particularly when combined with nar-rowband UVB 
phototherapy, a gold standard treatment. Surgical interventions, including 
punch grafting and suction blister grafting, show high efficiency but bring 
high risks of skin damage and hyperpigmentation. Vitiligo patients experience 
significant emotional suffering, requiring both a psychological and medical 
treatment approach. Dietary interventions, specifically those rich in anti-
oxidants, may support disease treatment. Vitamin D, in particular, is a promising 
therapeutic agent by protecting melanocytes from oxidative stress via the 
WNT/β-catenin pathway. This review points out the need for more research 
on targeted therapies that combine immune regulation, photo-therapy, and 
dietary strategies for effective vitiligo treatment.
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Introduction
Vitiligo is a distinctive dermatological condition 

characterized by the loss of pigmentation in patch-
es of skin. It affects approximately 1% of the global 
population regardless of sex, ethnicity, or geo-
graphic region [1]. As illustrated in Figure 1, vitiligo 
can present in two main forms: nonsegmental and 
segmental. 

Nonsegmental vitiligo, the more prevalent form, 
usually manifests symmetrically in acral areas. In 
contrast, segmental vitiligo is affects one region of the 
skin and often progresses more quickly, sometimes 
leading to early hair whitening [2, 3]. The entire 
epithelium of vitiligo patients is sub-jected to increased 
oxidative stress, which leads to significant metabolic 
disruptions, particularly within the mitochondria [2]. 

J Clin Med Kaz 2024; 21(6): 18–23

Figure 1 – Vitiligo types
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The disease is marked by its ability to reverse, distinguishing 
it from many other autoimmune disorders. 

The primary targets of vitiligo are melanocytes, the cells 
re-sponsible for pigment production located in the interfollicular 
epidermis. However, melanocytes residing within the hair 
follicles often remain unaffected due to immune privilege at 
these sites. This immune protection is similar to the privileged 
melanocytes located in the brain, eyes, and inner ear [4]. Hair 
follicles contain melanocyte stem cells capable of repopulating 
the epidermis in vitili-go-affected areas. This process allows new, 
functional melanocytes to restore pigmentation in the skin. As 
a result, repigmentation typically occurs as small spots around 
hair follicles. Nonetheless, areas lacking hair or containing white 
hairs, where follicular melanocytes have not been protected 
from autoimmunity, do not repigment [4]. The statement that 
genetic factors play a significant role in vitiligo appears from 
observing a high incidence in certain families and an increased 
risk among individuals with first-degree relatives affected by the 
condition [5]. Moreover, the association of vitiligo with other 
autoimmune diseases, such as type 1 diabetes, autoimmune 
thyroiditis, and rheumatoid arthritis, points to a shared heritable 
risk for autoimmunity [5-7].

While a variety of treatment strategies are currently 
available for vitiligo, including topical agents, phototherapy, 
and surgical approaches, achieving consistent and sustained 
repigmentation remains a significant challenge [3]. This 
study aims to explore which existing therapies may dis-play 
synergy when combined, with a particular focus on enhancing 
repigmentation outcomes in treatment-resistant cases. Also 
underlining the gap in the knowledge about environmental 
factors of the vitiligo patients, such as psychological impact and 
vitamin D deficiency [8, 9], as it is important but rare discussed 
in traditional treatment strategies.

Vitiligo Pathogenesis
Patients with vitiligo have been found to have elevated 

serum levels of melanocyte-reactive anti-bodies, which have 
shown the capacity to damage melanocytes in vitro and in vivo 
models [10-12]. However, the role of these autoantibodies in 
disease pathogenesis is questionable, as the antibody-induced 
damage is relatively weak, and their titers do not correlate with 
disease activity [13, 14]. Histological examination of vitiligo 
lesions has revealed lymphocytic infiltrates, predominantly 
composed of CD8+ T cells, at the borders of depigmented areas, 
indicating active disease [15]. These CD8+ T cells have been 
found in increased numbers in both the skin of active lesions 
and in the peripheral blood of vitiligo patients, compared to 
healthy individuals [16-18]. CD8+ T cells specifically target 
melanocyte antigens, such as tyrosinase and Melan-A/MART-
1 [19]. Remarka-bly, CD8+ T cells isolated from peri-lesional 
skin can induce melanocyte apoptosis in vitro, facili-tating the 
appearance of new depigmented patches. While the presence 
of antimelanocyte antibodies in vitiligo patients suggests an 
autoimmune component, the primary drivers of the disease 
appear to be CD8+ T cells. As shown in Figure 2 CD8+ T cells 
and their production of interferon-gamma (IFN-γ) orchestrates 
the disease's pathogenesis [1]. 

The recruitment of these pathogenic CD8+ T cells to the 
skin is mediated by a network of cyto-kines and chemokines, 
which are upregulated in the lesional skin of vitiligo patients. 
Gene expres-sion analyses have demonstrated an increased 
presence of IFN-γ and IFN-γ–dependent genes, such as the 
chemokine receptor CXCR3 and its ligands CXCL9, CXCL10, 

Figure 2 – Vitiligo pathogenesis and treatment approaches

Depigmentation is caused by stress-induced HSP70i, which 
recruits CD8+ T cells by activation of dendritic cells. CD8+ 
T cells produce IFN-γ, which induces release of chemokines 
CXCL9, CXCL10, CXCL11, further recruiting T cells to the 
affected area. JAK inhibitor therapy blocks the IFN-γ signaling 
pathway, thereby reducing chemokine production. At the same 
time NB-UVB therapy facilitates melanocyte regeneration from 
melanocyte stem cells preserved among hair fol-licle stem cells. 
IFN-γ: Interferon-gamma, NB-UVB: Narrowband ultraviolet 
B, JAK: Janus ki-nase, CXCL 9-11: C-X-C motif ligand 9-11. 
Created in BioRender.com

and CXCL11, which facili-tate the chemotaxis of T cells to 
the affected areas [20]. Recent research has shifted interest to 
keratinocytes as the primary producers of these chemokines. 
Disruption of IFN-γ signaling specifi-cally in keratinocytes has 
been shown to reduce depigmentation in mouse models. This 
suggests that topical targeting of IFN-γ signaling in these cells 
might offer a novel and effective treatment strategy for vitiligo 
[21]. This is supported by clinical evidence where blockade of 
the IFN-γ path-way using JAK inhibitors, such as tofacitinib 
or ruxolitinib, has led to rapid repigmentation in pa-tients with 
vitiligo. The decrease in serum CXCL10 levels post-treatment 
with JAK inhibitors fur-ther validates the mechanistic role of 
IFN-γ signaling in the disease [22-24]. Despite the effective-
ness of treatments, vitiligo lesions frequently relapse after the 
cessation of therapy, with a 40% re-currence rate within the first 
year. This high relapse rate can be attenuated through periodic 
applica-tion of topical calcineurin inhibitors, indicating the 
presence of a long-lasting autoimmune memory within the 
lesional skin [25]. CD8+ resident memory T (Trm) cells are 
involved in the persistence of this memory. These cells are 
known for their key role in providing immunity against viral 
rein-fections. The potential targeting of Trm cells in vitiligo 
could lead to more long-lasting treatment outcomes, possibly 
even after discontinued treatment [26].

The innate immune response also contributes to the 
pathogenesis of vitiligo. Stress-induced heat shock protein 
70 (HSP70i) is released from the epidermis. It is capable of 
initiating autoimmunity by activating dermal dendritic cells 
(DCs), which in turn recruit T cells to propagate an autoimmune 
attack on melanocytes [27]. Additionally, a lowered regulatory 
T cells (Tregs) in the skin of vitiligo patients was observed [28]. 
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Tregs, identified by the expression of the FOXP3 
transcription factor, are essential in suppressing effector T cell 
activity and preventing autoimmunity. IPEX syndrome shows 
the critical role of Tregs, where patients lacking functional 
Tregs due to mutations in the FOXP3 gene suffer from a range 
of autoimmune disorders, including vitiligo [4]. Multifaceted 
mechanisms involving CD8+ T cells, IFN-γ signaling, Trm 
cells, and innate immune responses provide a complex picture 
of vitiligo pathogenesis. These findings give new directions for 
targeted therapies that may provide more effective and lasting 
treatments for patients suffering from vitiligo.

Current Therapeutic Approaches to Vitiligo
Treating vitiligo is often difficult. Various therapies 

are available for vitiligo, but they usually fail to meet patient 
expectations. General reasons for that are complicated 
methodology, time-consuming therapy strategy, and, most 
importantly, low efficacy and need for periodically repeated 
therapies [2].

Narrowband UVB (NB-UVB) is a gold standard therapy, 
largely due to its effectiveness and fa-vorable safety profile. 
Administered typically at a discrete erythematogenic dose, NB-
UVB therapy is recommended 2 to 3 times weekly, which is 
more effective than its predecessor, PUVA therapy [29]. The 
advantages of NB-UVB include simplicity of administration 
and a reduced risk of side effects, leading to its classification 
as the preferred phototherapy option in vitiligo treatment guide-
lines [30]. NB-UVB therapy is recommended for patients 
with both generalized vitiligo and those experiencing active, 
progressive disease, intending to stop disease activity and 
promote repigmenta-tion [31]. This form of phototherapy has 
been efficient in the repigmentation process, mainly when other 
therapies have not worked.

Recent findings have introduced the use of Janus 
kinase (JAK) inhibitors in treating vitiligo, providing a novel 
therapeutic approach. Early attempts to combine NB-UVB 
therapy with JAK inhibitors, such as tofacitinib and ruxolitinib, 
have shown promising results. The combination ther-apy has 
outperformed monotherapy with JAK inhibitors, especially 
in cases of facial vitiligo, sug-gesting a synergistic effect that 
enhances repigmentation outcomes [32]. JAK inhibitors have 
shown potential in interrupting the pathogenic mechanisms of 
vitiligo. In mouse models, the neu-tralization of IFN-γ antibodies 
has been demonstrated to prevent CD8+ T cell accumulation 
and subsequent lesion depigmentation [33]. By blocking 
IFN-γ signaling, JAK inhibitors, currently under clinical trials, 
such as tofacitinib, ruxolitinib, and baricitinib contribute to 
the repigmentation process, offering hope for patients with 
vitiligo [34-36]. However, the use of the top three market-ed 
JAK inhibitors—ruxolitinib, tofacitinib, and baricitinib—has 
been associated with an increasing number of reported adverse 
effects. These adverse events are primarily linked to overdosage 
and may include infectious complications, embolism, and 
thrombosis [37]. To effectively manage vitili-go, repeated and 
continuous therapeutic interventions are often necessary. This 
makes it crucial to explore combination treatment strategies that 
minimize side effects while maximizing efficacy. Alt-hough NB-
UVB remains the gold standard for vitiligo therapy, the addition 
of JAK inhibitors into treatment strategy represents a significant 
advancement in the field.

Surgical Approaches to Vitiligo
Surgery is a practical option for patients with vitiligo, 

particularly those with stable disease. A cru-cial consideration 
for patient selection is the absence of the Koebner phenomenon, 
which could worsen the condition postoperatively [38]. The 
Koebner phenomenon is characterized by the ap-pearance 
of new vitiligo lesions at sites of skin depigmentation, which 
is particularly concerning in surgical intervention due to 
the potential for relapse or worsening of the disease. Before 
consider-ing surgical treatments, patients need to be fully 
informed about the risks, especially the possibility of relapse. 
Disease stability should be confirmed through detailed clinical 
follow-up to ensure the appropriateness of surgical intervention 
[39]. Several surgical techniques have been developed to treat 
vitiligo, each with its methodology and potential benefits. Punch 
grafting is a straightforward technique that involves transferring 
small biopsies of pigmented skin into depigmented lesions [38]. 
Suction blister grafting is another method that uses epidermal 
blisters created on pigmented skin, which are then transplanted 
onto areas lacking pigmentation. Non-cultured epidermal 
cellular grafting involves the application of epidermal cells, 
harvested from the skin, directly onto the depigmented dermis. 
Cultured epidermal cellular grafting grows cells in vitro before 
transplanta-tion, allowing for coverage of larger areas [40]. In 
addition to these surgical options, adjunctive treatments such 
as microneedling or ablative laser therapy, combined with NB-
UVB phototherapy, enhanced repigmentation outcomes while 
minimizing adverse effects [41]. Nonetheless, it is essen-tial to 
note that while suction blister grafting and punch grafting may 
give the most promising re-sults regarding repigmentation, they 
also carry risks, such as scarring and hyperpigmentation that 
must be carefully weighed against the potential benefits [38]. 
The surgical management of vitiligo requires a personalized 
approach, considering the stability of the disease, the absence of 
the Koeb-ner phenomenon, and the patient’s informed consent 
regarding the risks and benefits. With a range of techniques 
available, careful selection and use of the appropriate method 
can offer hope for sig-nificant repigmentation and improvement 
in the quality of life for vitiligo patients.

Psychological Impact and Dietary 
Considerations in Vitiligo Treatment.

Although the physical symptoms may seem straightforward, 
the condition often carries a signifi-cant psychological burden. 
Patients with vitiligo experience anxiety at rates comparable 
to those with other severe dermatological conditions, such as 
psoriasis or eczema [41]. Vitiligo patients per-ceive higher 
psychological stress, primarily related to the visibility of lesions, 
further leading to lowered self-confidence and social stigma [8, 
42]. The psychosocial implications of vitiligo require a complete 
treatment approach that goes beyond skin depigmentation. 
Although the number of studies is limited, evidence supports 
the benefits of adjuvant care through group therapy, cognitive-
behavioral therapy, and self-help programs [43].

Dietary factors, while not directly implicated in the etiology 
of vitiligo, have been considered in the context of disease 
treatment. The role of diet is primarily focused on the antioxidant 
properties of foods, their vitamin content, and the presence of 
micronutrients that may influence the pathophysi-ology of the 
condition. Specific dietary components, such as vegetable oils 
rich in omega-6 fatty acids, are thought to inflame vitiligo by 
promoting the production of reactive oxygen species (ROS) 
and pro-inflammatory cytokines [44]. Additionally, avoiding 
allergenic foods that could potentially trigger or develop vitiligo 
is recommended, as allergic reactions or irritation may worsen 
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the condition [45]. Recent advancements have shed light on the 
therapeutic potential of vitamin D in vitiligo treatment. Vitamin 
D analogs, mainly when used with UV light or corticosteroids, 
have been shown to enhance the repigmentation process [46]. 
The basic mechanisms of vitamin D's ac-tion in vitiligo, however, 
have mostly stayed unclear until recent studies started to reveal 
these complexities. Vitamin D was found to protect melanocytes 
from oxidative damage by activating the WNT/β-catenin 
signaling pathway. This pathway is key for vitamin D to control 
other important targets, such as Nrf2/ARE, MITF, and processes 
related to cell death, which are necessary for cell survival and 
pigmentation [47]. Furthermore, vitamin D insufficiency has 
been closely linked to the severity of oxidative stress in vitiligo 
patients, highlighting the importance of having normal vita-min 
D levels in disease treatment. Vitamin D positively influences 
β-catenin signaling at both the translational and posttranslational 
levels in melanocytes subjected to oxidative stress [47]. This is 
similar to the effects observed with WNT agonists, where vitamin 
D significantly reduced ROS accumulation and cell apoptosis in 
H2O2-treated melanocytes while promoting their proliferative 
and migratory activities. Notably, these protective effects were 
negated when β-catenin was si-lenced, further emphasizing the 
central role of β-catenin in the protective actions of vitamin D 
[46, 47]. Deficiency in β-catenin also inhibited the activation 
of Nrf2, MITF, and apoptosis, which are critical processes 
modulated by vitamin D in the context of vitiligo [47]. Dietary 
interventions, par-ticularly those emphasizing antioxidant-rich 
foods, may play a supportive role in managing the condition. 
Moreover, vitamin D is a promising agent in vitiligo therapy, 
with a newly explained mechanism involving the WNT/β-
catenin pathway, providing a potential option for targeted treat-
ment strategies. Future research should continue to examine 
the molecular interactions between vit-amin D and melanocyte 
biology to optimize therapeutic outcomes for vitiligo patients.

Conclusions
In conclusion, vitiligo is a complex autoimmune condition 

characterized by the loss of skin pig-mentation due to the 
destruction of melanocytes. While its pathogenesis involves a 

range of genetic, immunological, and environmental factors, 
CD8+ T cells, IFN-γ signaling, and oxidative stress play critical 
roles in disease progression. Advances in therapeutic approaches, 
including using JAK inhibitors, NB-UVB phototherapy, and 
surgical interventions, offer hope for improved outcomes, 
especially when tailored to individual patient needs. Despite these 
advancements, challenges re-main, such as the high relapse rate 
and the psychological impact of the disease. Addressing these 
issues requires a comprehensive approach, combining medical, 
psychological, and lifestyle inter-ventions, including dietary 
considerations and the potential role of vitamin D in promoting 
melano-cyte survival. Long-term efficacy studies are essential 
to determine the most effective combinations of therapies, 
especially in treatment-resistant cases. These studies should 
focus on evaluating the durability of repigmentation, minimizing 
adverse effects, and optimizing treatment protocols for sustained 
results. Continued research into the underlying mechanisms of 
vitiligo will be essential to develop more effective, long-lasting 
treatment options and to enhance the quality of life for those 
affected by this condition.
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Abstract
Suicides and suicidal behaviors are complex disorders with diverse 

symptoms, often lacking clear etiology, especially in spontaneous or childhood 
cases. This complicates timely diagnosis, therapy, and treatment. As a result, 
research into markers for depression and suicidal behavior continues. The 
use of artificial intelligence represents a significant advancement in suicide 
prevention, offering new tools for early detection and intervention to improve 
outcomes for at-risk individuals. According to the World Health Organization 
(WHO), 726,000 people commit suicide, not counting the much larger number 
of people who attempt suicide each year. Suicides occur throughout life, but 
in 2021 they became one of the leading causes of death among 15-29 year-
olds worldwide. This problem is also relevant in Kazakhstan, and this article is 
the first to reflect an interdisciplinary approach to suicide prevention among 
minors using AI methods in application to scientific data obtained in the study 
of respondents with suicidal behavior.  Suicide is a significant public health 
issue with profound societal impacts. Its effects extend beyond the loss of 
life, leading to emotional suffering for families and loved ones, and economic 
losses from reduced productivity and increased healthcare costs. For each 
suicide, there are over 30 attempted suicides, compounding the social and 
economic burden. The repercussions affect countless individuals, both directly 
and indirectly, leaving long-lasting emotional and financial strain. Additionally, 
the economic impact includes treatment costs for psychosomatic and mental 
disorders in those left behind, highlighting the extensive and multifaceted 
consequences of suicidal behavior.

Keywords: suicide prevention, risk factors, age-related ontogenesis, 
children and adolescents, young people, artificial intelligence, machine 
learning, neural networks.
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Introduction
The problem of the autodestructive behavior 

of minors is one of the main medical and socio-
psychological problems of modern science, since 
destructions are most clearly manifested precisely 
in adolescence – one of the most difficult periods 
in the development of each person. A destructive 
behavior model can develop as a result of the action 
of many factors – a genetic predisposition (with a 
burdened heredity with mental diseases with a debut 

in age-related crises of ontogenetic development); 
increased susceptibility of characterological reactions 
to external psychogenic factors with transformation 
into pathoharacterological reactions and development 
(reactions of protest, emancipation, hypercompensation, 
opposition, grouping, imitation, hobby-reactions, 
reactions caused by the formation of sexual desire – 
masturbation, petting, etc.). 

In the last decade, self–harm without suicidal 
intentions has become widespread – this is also one 
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of the forms of destruction characteristic of adolescence. For a 
growing child's body, when every year of life is associated with 
the need to meet new requirements of society, the need to adapt to 
new constantly changing requirements of the surrounding reality, 
due to small life experience, this is a rather serious problem 
– a teenager cannot always use the protective mechanisms of 
the psyche, build a psychological strategy. The experience of 
family education will play an important role in overcoming 
emerging conflicts. One of the most dangerous in adolescence 
is primarily destructive intrapersonal behavior, manifested 
by self-destruction (suicide), self-harm (risky behavior), self-
modification (body modifications, tattoos, piercings, excessive 
use of alcohol and drugs, involvement in destructive games). 
With the growing number of suicides in adolescence, there is 
an urgent need for a systematic approach to both early diagnosis 
and timely psychological and psychotherapeutic correction 
of these adolescent perturbations and timely initiation of 
psychopharmacotherapy in the presence of mental disorders, as 
well as the search for new methods of identifying the risk group 
using new technologies, for example, artificial intelligence. 

The purpose of this article is to study research papers in 
order to find possible solutions for the early detection of suicidal 
ideation among children and adolescents, youth using artificial 
intelligence (AI) technologies, which describe the prediction of 
possible suicidal attempts at an early stage and can serve as one 
of the tools to prevent suicide attempts.

Materials and Methods
To find relevant scientific papers, we conducted a search 

on popular scientific platforms (Science Direct, Research 
Gate) for the following keywords: suicide prevention, artificial 
intelligence, machine learning, neural networks, children, 
adolescents, youth. During the search, 367 articles were found, 
10 of which met the search criteria and were analyzed and 
compared.

Many researchers use artificial intelligence to predict 
suicide attempts as accurately as possible. For this reason, from 
2018 to 2024, many studies were conducted around the world 
using machine learning and neural networks to predict the risk 
of suicide. Accordingly, we have established selection criteria 
– a deep search for scientific sources in the period 2018-2024 
devoted to the use of AI to predict suicide risks among young 
people.

Problem
The situation with the early identification of a risk group 

among minors with autodestructive behavior is complicated 
by the presence of age-related ontogenesis of understanding 
death and crisis periods of development, which have their own 
difference in almost every year of a child's or teenager's life. 
Thanatopsychological education has studied the formation of 
the concept of death in children according to age, where the 
family factor plays the most important role, religion, education, 
cognitive and intellectual functions, somatic and mental health 
status have also been noted [2-4]. The age from 12 to 15 years 
and older deserves special attention in the context of studying 
this problem. 

At this age, there is a transition from childhood to 
the so-called "growing up", and against the background of 
increasing social influences and the presentation of new "adult" 
requirements to the child, respectively, the child experiences a 
number of events such as the loss of "ideal parents", the loss of 
naive ways of knowing the world around him, which can violate 

child-parent attachment. Also in this age period (and this is an 
active prepubertal), children experience such an ontogenetically 
phenomenon of personality formation as the so-called "social 
death" (a term in adolescent psychology) – it is at this age that 
children feel lonely, experience isolation from a group of peers, 
a feeling of loneliness is formed, the level of anxiety increases, 
which can lead to the so-called "normal teenage mourning" (a 
term of adolescent psychology). And another important point 
is that all of the above is one end of the so-called "scissors", 
at the other end of which the phenomenon of "personal myth" 
peculiar to this age is optimism, vivacity of reactions, the 
child's faith in his uniqueness, immortality, the belief that other 
people are mortal, but this will not affect the child himself, 
which, as it increases the external adverse factors are gradually 
weakening. And it is precisely such contradictions – between 
the seemingly optimistic features of adolescence and its losses – 
that create a special attraction to the topic of death, the need to 
understand it, and at the same time an increased fear caused by 
these experiences. It can be said that suicidality in adolescence 
is associated with a poor understanding of death and suicidal 
ideas for a child or teenager are a tool of avoidance and death 
is seen as a way out of a situation of deprivation (if the child is 
experiencing distress).

Also we should not forget that behind the facade of 
psychological ontogenetic "growing up" there is the main 
ontogenetic period of reproductive system formation (average 
age from 12-16 years), when the activity of sex hormones 
(estradiol, testosterone, progesterone) leads to thickening of 
bones, increasing their density – children and adolescents feel 
that the body has become "dense", "heavy", feel the heaviness 
of the body, a kind of adolescent "clumsiness".  Physiological 
emotional instability, irritability, and the manifestation of active 
forms of characterological reactions caused by the activity of sex 
hormones form undesirable behavior of adolescents, familiar to 
everyone as the difficult "puberty" [5]. All this complicates the 
early diagnosis of suicidal ideation among minors and the use 
of AI methods can serve the purpose of early identification of 
a risk group for suicide. The above is only part of the changes 
in the psyche of children and adolescents who, throughout their 
lives, before moving into the so-called "adult state", experience 
a number of age-related crises.

Results and discussions
In recent decades, AI has been widely used by many 

experts from various fields of human activity. This is due to its 
effectiveness in finding various patterns and its ability to predict 
results based on available data. Machine learning (ML) is a 
branch of AI that is designed to allow computers to learn from 
data and improve their performance when performing a specific 
task without explicitly programming for that task [6]. Neural 
networks (NW) are another approach to function approximation, 
inspired by how the human brain works [7]. These methods are 
designed to predict possible suicide attempts, mainly based on 
data collected by experts in the field of child mental health. 
However, there are cases when researchers use NLP (natural 
language processing) and NW to analyze text data obtained from 
the Internet.

The number of studies conducted in this direction 
increases over time. This can be seen in Figure 1, which shows 
the distribution of the found articles by year from ScienceDirect. 
According to him, the number of research papers has increased 
from 10 in 2018 to more than 90 in 2024. This shows that interest 
in using AI to combat suicide is growing.
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Many studies have reviewed various approaches to suicide 
prevention using AI. Similar work [8] was carried out by Alban 
Lejeune et al., where the authors compared studies published 
between 2014 and 2020 aimed at predicting suicide risks. The 
authors concluded that AI performance was good, although 
it varied depending on different algorithms and application 
settings. The studies reviewed in this paper show that various 
machine learning algorithms, including ridge regression, 
classification trees, and random forests, provide promising 
predictive capabilities for determining suicide risk in adolescents 
and young adults, reaching AUC values from 0.8 to 0.9.

In another work by Rebecca A. Bernert et al. [9] considers 
AI and ML in predicting suicidal behavior. The results 
demonstrated a high level of accuracy (over 90%) and strong 
predictive efficacy (AUC) in the studies. The authors conclude 
that AI and ML applications may be crucial for early detection 
of suicide risk, with important methodological and statistical 
caveats.

In the work of Lin et al. [10], the authors collected data 
on psychiatric hospital patients diagnosed with suicide in the 
National Database of Health Insurance Research. Machine 
learning methods were used to develop models for predicting 
the risk of future multiple suicide attempts. The authors’ 
experimental results showed that Adaboost+DT is best suited 
for predicting the behavior of multiple suicide attempts among 
psychiatric patients.

The authors Kharrat et al. [11] developed gender-sensitive 
machine learning models to predict suicide risk using data 
from the Integrated Monitoring System for Chronic Diseases 
of Patients from Québec, which included more than 20,000 
cases of suicide from 2002 to 2019. The study demonstrated 
the potential of explicable AI in improving suicide prevention 
efforts, while emphasizing the need for caution in interpreting 
predictive associations.

An observational study conducted by the authors Servi et 
al. [12] was aimed at identifying early predictors of suicidal risk 
among 237 inpatient patients with suicidal behavior and thoughts 
in the emergency department of child and adolescent psychiatry 
at the Meyer Children's Hospital in Florence (Italy). The 
researchers collected epidemiological and psychopathological 
data and stratified patients into two groups: "patients with suicidal 
will" and "patients with suicidal motivation", finding that factors 
such as age under 12, diagnosis of destructive disorders, previous 

Figure 1 – Annual distribution of research papers found using 
the ScienceDirect platform

suicide attempts and intoxication are statistically correlated with 
increased risk.

Artificial intelligence analysis confirmed these risk factors 
with 86.7% accuracy, which highlights the potential of AI to help 
doctors assess suicidal risk, while recognizing the limitations of 
the study due to its retrospective design.

The study by authors Su et al. [13] was aimed at developing 
machine learning models for predicting suicidal behavior in 
children and adolescents using longitudinal clinical records 
from the Connecticut Children's Medical Center. The authors 
analyzed data from 41721 patients aged 10 to 18 years from 
October 2011 to September 2016. The obtained models achieved 
areas under the curve (AUC) in the range from 0.81 to 0.86, 
accurately identifying 53-62% of subjects with positive suicidal 
status with 90% specificity, thereby demonstrating that regularly 
collected electronic medical records can be effectively used to 
predict suicide risk in the pediatric population.

A study by Tan et al. [14] examines the effectiveness of 
explicable artificial intelligence (EAI) in predicting suicide risk 
based on medical tabular data, solving the problem of limited 
datasets in health-related machine learning applications through 
data augmentation. The researchers used Shapley Additive 
explanations (SHAP) along with traditional correlation analysis 
to rank the importance of traits, identifying key factors such as 
anger problems, depression, and social isolation as significant 
predictors of suicide risk, while it was found that people with 
high incomes, respected professions, and higher education have 
lower the risk. 

The study done by the authors Walsh et al. [15] was aimed 
at improving the prediction of suicide risk among adolescents 
by using machine learning algorithms applied to regularly 
collected clinical data from a synthetic Vanderbilt derivative, 
including 974 adolescents with nonfatal suicide attempts and 
various control groups. The results show that machine learning 
approaches using longitudinal clinical data can improve 
screening of nonfatal suicide risk in adolescents by providing a 
scalable solution that bypasses the limitations of traditional face-
to-face screening methods.

Navarro et al. [16] used data from the Québec Longitudinal 
Study of Child Development to assess the predictive power of 
early life factors for suicide attempts in adolescents and young 
adults from the general population, tracking participants from 
birth to 20 years of age. Using random forest classification 
algorithms, the researchers evaluated 150 variables in various 
areas of early life, revealing moderate prediction efficiency 
with areas under the curve of 0.72 for women and 0.62 for men, 
as well as low sensitivity, but good specificity and negative 
predictive values. 

The study by Nobles et al. [17] solves an important 
problem of suicide prevention among young people by focusing 
on the development of a predictive model using text messages 
from people with a history of suicidal thoughts and behavior. 
The researchers used a promising study design, reconstructing 
the chronology of recent suicidal behavior through retrospective 
clinical interviews, to analyze whether text messages can 
effectively predict periods of suicidality, including suicidal 
thoughts and nonfatal suicide attempts, as opposed to simple 
depressive episodes. 

Another study done by Bhandarkar et al. [18] was the 
development of an artificial intelligence model for natural 
language processing trained on patient portal messages to predict 
30-day suicide-related events (SRE). 

The aim of the study by Xu et al. [19] was to improve 
suicide detection in online counseling systems by developing 
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a risk assessment model based on knowledge in a subject area 
called KARA, using a substantial dataset of conversations in 
Cantonese between help seekers and counselors. The data set 
included 5,682 conversations, of which 682 disclosed suicide 

intentions, and a suicide knowledge graph was built to embed 
relevant domain knowledge into a deep learning model. The 
results of the review are presented in Table 1.

Figure 2 – Distribution of the most efficient algorithms/models

Figure 3 – Distribution by country

Figure 4 – Distribution by type of training data

Table 1 Review of selected articles

Author Year Country 
(Countries)

Size and type of training 
data

The best algorithm/
model

Peak performance 
(with metric)

Lin et al. [10] 2022 Taiwan 523 (tabular) Adaboost+DT 0.971 (accuracy)

Kharrat et al. [11] 2018 Canada 9440 (tabular) RF 0.87 (AUC)

Servi et al. [12] 2023 Italy 237 (tabular) NN 0.89 (accuracy)

Su et al. [13] 2020 USA 641708 (tabular) LR 0.80 > (AUC)

Tan et al. [14] 2024 Australia 1000 (tabular) RF 0.97 (AUC)

Walsh et al. [15] 2018 USA 2247 (tabular) RF 0.83 (AUC)

Navarro et al. [16] 2021 France, Canada 1623 (tabular) RF 0.72 (AUC)

Nobles et al. [17] 2018 USA 136347 (text) NN (DNN) 0.75 (F1)

Bhandarkar et al. [18] 2023 USA 840 (text) NN 0.710 (AUC-ROC)

Xu et al. [19] 2021 China 5682 (text) KARA 0.815 (AUC-ROC)

The models developed by the authors show peak 
performance results starting from 70%. For convenience, some 
comparisons are displayed in the form of diagrams (Figure 2 – 
Figure 4).

Figure 2 illustrates the distribution of the most effective 
models according to the articles considered. NN and RF 
(Random Forest) models turned out to be the most popular 
algorithms used in the articles (30% and 40%, respectively).

Researchers from Taiwan [10] have shown that the 
combined model (Adaboost + Decision Trees) returns the 
highest accuracy of peak performance: 0.971. On the contrary, 
RF models often showed good results with AUC values of 0.97 
[14] and 0.87 [11]. This indicates that RF and ensemble methods 
are well suited for such a forecasting task.

The geographical distribution shown in Figure 3 showed 
that the majority of the selected articles were written by 
researchers from the USA – 40% [13, 15, 17, 18]. Other countries 
have the same percentage distribution – 10% [10, 11, 12, 14, 16, 
19]. 

Table 1 and Figure 4 show the different sizes and types of 
training data. This shows that most researchers used the tabular 
type [10-16]. Textual information is used less frequently [17-
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19], but one study by Nobles et al. [17] effectively applied it 
with NN. The preference for tabular data may be due to their 
structured nature, which leads to easier processing and analysis 
[11].

The training data varies significantly in size, ranging from 
small datasets such as the 237 data used by Servi et al. [12], up to 
much larger ones, such as 641,708 samples in the study by Su et 
al. [13]. This range shows that models can be adapted to handle 
different scales of data. 

Conclusion
The results we have obtained show that research on the use 

of AI models to predict and prevent suicide rates among young 
people is growing. 

We concluded that the reviewed research articles show 
good effectiveness (more than 0.70%) in predicting suicide 
attempts. 

Overall, although it is difficult to single out a universally 
superior model due to the variety of data and contexts, RF and 
NN seem to be the most reliable choices among the various 
datasets. In the future, the authors of the article plan to use 
various AI methods to predict possible suicide cases using both 
text and tabular data.

It is relevant to early identify possible clinical and 
psychological markers of deviant behavior using text materials 
of suicides (suicide notes, correspondence, messages about an 
impending act of attempt on life, etc.), which can be the basis 
for the development of an information system using machine 
learning methods and models to predict suicidal tendencies 
in children in order to increase the effectiveness of early 
identification and prevention of suicidal actions in educational 
and medical practices. 

Further research and development of AI suggests the 
creation and adaptation of specific algorithms focused on the 

analysis of biopsychosocial risk factors combining knowledge 
of medicine, age, crisis psychology, pedagogy, sociology and 
information technology, which will contribute to the development 
of a comprehensive view of the problem and will allow more 
accurately predicting the likelihood of suicidal intentions.
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Abstract
Valve-sparing aortic root replacement, commonly known as the David 

procedure, stands as a pioneering surgical technique aimed at addressing 
aortic root aneurysms while retaining the patient's native aortic valve. This 
procedure signifies a significant advancement in cardiac surgery, offering 
patients the potential for improved outcomes both in the short and long term.

Aims. The aim of the study was to analyze short- and long-term outcomes 
after valve sparing aortic root replacement operation using David I technique.

Methods. From January 2013 to November 2020 a total 124 David 
I procedures were performed.  We analyzed survival and freedom from 
reoperation. Follow-up was performed 8 years postoperatively.

Results. Early mortality was 0.8% (n = 1). Mean age was 48.25 ± 17.42. The left 
ventricular ejection fraction (%) before discharge was significantly increased (p 
= 0.038) after surgery.  The 1, 3, 6, 8 –year survival and freedom from reoperation 
rates were 99%, 99%, 98%, 87% and 99%, 98%, 95%, 91% retrospectively. 

Conclusion. David procedure is a valuable option for treating aortic root 
aneurysms offering the potential for excellent long-term outcomes, especially 
when the native aortic valve can be preserved. The decision should be made 
on a case-by-case basis, considering the patient's individual factors and the 
expertise of the surgical team.

Keywords: Aortic root aneurysm, David procedure, valve-sparing aortic 
root replacement, aortic surgery.
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Introduction
The valve-sparing aortic root replacement, 

commonly known as the David procedure, is a surgical 
technique used to treat aortic root aneurysms or 
conditions affecting the aortic valve. This procedure 
is named after its pioneer, Dr. Tirone David, who 
introduced it in the 1990s as an alternative to traditional 
aortic valve replacement (AVR) with a mechanical or 
biological valve [1]. The aortic root, comprising the 
aortic valve and the beginning portion of the aorta, can 
sometimes become enlarged due to various reasons, such 
as genetic predisposition, connective tissue disorders 

like Marfan syndrome, or age-related degeneration [2]. 
This enlargement, known as an aortic root aneurysm, 
can lead to life-threatening complications like aortic 
dissection or rupture.

The David procedure was developed to address 
these issues while preserving the patient's native aortic 
valve whenever possible. Unlike traditional AVR, where 
the aortic valve is replaced along with the diseased 
aortic root, the David procedure aims to conserve the 
patient's own valve, thus potentially avoiding the need 
for long-term anticoagulation therapy and the risk of 
prosthetic valve-related complications [3].

J Clin Med Kaz 2024; 21(6): 30–34
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In essence, the Valve-sparing aortic root replacement or 
David procedure represents a significant advancement in aortic 
root surgery, offering patients the possibility of preserving their 
native valve while effectively treating aortic root aneurysms, 
thereby enhancing their long-term prognosis and quality of life.

The aim of the study was to analyze both short- and 
long-term outcomes of patients who underwent valve-sparing 
aortic root replacement (David I procedure) at a single center 
in Kazakhstan. Specifically, the study focused on evaluating the 
survival rates and freedom from reoperation after this surgical 
technique was performed. The follow-up period for these 
patients extended up to eight years postoperatively to assess the 
effectiveness and durability of the procedure over time

Materials and Methods
Ethics
This study was conducted in accordance with the ethical 

standards of our institution and adheres to the principles outlined 
in the Declaration of Helsinki. As a retrospective study, it did 
not require institutional review board approval according to our 
institution’s policies.

Study design
Between January 2013 and November 2020, 124 patients 

underwent the David procedure using the classical reimplantation 
method, known as the David I technique. We conducted a 
retrospective analysis of the outcomes for these 124 patients. 
The procedures included isolated David procedures as well as 
those involving aneurysms or aortic dissections. Additionally, 
some patients required coronary artery bypass grafting (CABG), 
as well as repair or replacement of the mitral or tricuspid valves.

Preoperatively, all patients routinely underwent 
transthoracic echocardiography (TTE) and computed 
tomography (CT) for lesion assessment. Coronary angiography 
was performed as indicated. Intraoperatively, transesophageal 
echocardiography (TEE) was utilized before surgery and again 
postoperatively to assess myocardial contractility, the degree of 
heart valves insufficiency and the nature of the lesion, the size of 
the heart chambers and aorta, and so on.

This retrospective study included follow-up data collected 
over an average of 8 years. We evaluated survival rates, freedom 
from reoperation, and various postoperative outcomes.

Operative procedures
We used standard David 1 technique for all patients, with 

vascular (Woven Polyester) graft (Figure 1). The procedure 
were performed through a standard full sternotomy approach. 
Patients received total anesthesia with endotracheal intubation. 
Aortic cannulation was executed higher than usual, closer to 
the aortic arch, and a two-stage cannula was used for venous 
return through the right atrium. Patient cooling was required 
during aortic arch replacement, followed by selective cerebral 
perfusion and circulatory arrest.

Statistical analysis
Descriptive statistics were used to summarize the baseline 

characteristics and perioperative data. Continuous variables 
were compared using Student's t-test or Mann-Whitney U test, 
as appropriate. Categorical variables were analyzed using the 
chi-square test or Fisher's exact test. Kaplan-Meier survival 
analysis was used to estimate overall survival and freedom from 
reoperation, with differences between subgroups assessed using 
the log-rank test. All data are presented as mean ± standard 

Figure 1 – Reimplantation (David) procedure for the patient with 
acute aortic dissection. (A) Measuring the height of the neo-
aortic root. (B) Aortic valve reimplanted into a vascular graft. (C) 
Аortic valve cusps assessment. (D) Final view of operation

deviation with or without ranges, or the numbers and percentages 
were appropriate. A p-value <0.05 was considered statistically 
significant.

Results 
The study cohort (Table 1) had a mean age of 48.25 

years, with a notable male predominance (57.2%). The high 
prevalence of arterial hypertension (76.6%) and ischemic heart 
disease (20.1%) indicates that these patients had significant 
cardiovascular risk factors.

Data presented as mean and standard deviation with or without 
ranges, or the numbers and percentages. LVEF, left ventricular 
ejection fraction; NYHA, New York Heart Association.

Valuables n = 124
Age, years 48.25 ± 17.42
Male sex 71 (57.2)
Body mass index (kg/m²) 28.00 ± 5.86
Body surface area (m²) 1.96 ± 0.22
Height (cm) 172.08 ± 11.07
Weight, (kg) 82.58 ± 17.35
Arterial hypertension 95 (76.6)
Diabetes 10 (8)
Ischemic heart disease 25 (20.1)
Atrial fibrillation 7 (5.6)
Bundle branch block 3 (2.4)
Chronic renal failure 5 (4.03)
Multifocal atherosclerosis 11 (8.87)
Pulmonary hypertension 8 (6.4 )
Aortic dissection 17 (13.7)
LVEF (%) 56.6 ± 7.0
NYHA III–IV 46 (37.0)
Mitral insufficiency 22 (17.7)
Bicuspid AV 37 (29.8)
Diameter of the aorta ascending (mm) 50.6 ± 5.8
Diameter of the aortic root (mm) 44.8 ± 7.7
Aortic valve insufficiency 
grade 0 7 (5.6)
grade I 15 (12.0)
grade II 28 (22.5)
grade III 52 (41.9)
grade IV 22 (17.7)

Table 1 Patient Characteristics
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The average cardiopulmonary bypass (CPB) time was 
159.7 minutes, and the aortic cross-clamp time was 121.1 
minutes (Table 2).

Data presented as mean and standard deviation with or without 
ranges, or the numbers and percentages. CABG, Coronary artery 
bypass grafting; MV, Mitral valve; TV, Tricuspid valve; AV, Aortic 
valve; CBP, Cardiopulmonary bypass.

Data presented as mean and standard deviation with or without 
ranges, or the numbers and percentages.

Data presented as numbers and percentages and mean and standard 
deviation with ranges. 

Table 2 Intraoperative characteristics

Type of operation Total n = 124
Combined operation 56 (45.1)
Re-operation (redo) 0 (0,0)
Isolated David pr. and aorta ascending 
replacement 

68 (54)

Combined surgeries David pr. and partial 
or total aortic arch replacement 

20 (16)

David pr. and CABG 19 (15)
David pr. and MV reconstruction 10 (8)
David pr. and CABG + MV reconstruction 4 (3.2)
David pr. and MV+TV reconstruction 3 (2.4)

Size of prosthesis (mm) 28.9 ± 2.3
AV cusps intervention 45 (36.2)
CPB Time (min) 159.7 ± 37.1

Cross clamp time (min) 121.1 ± 25.3

Low Cardiac Output Syndrome was in 3 (2.4%) cases.  
Arrhythmias requiring therapy was in 33 (26.6%) patients and 
pacemaker implantation was in 3 (2.4%) of patients. Reoperation 
for bleeding was 11 (8.8%) cases and cerebrovascular accidents/
stroke was in 1 (0.8%) patient. The 30-day mortality rate was 
0.8% (Table 3).

Complications  n = 124
Low cardiac output syndrome 3 (2.4)
Arrhythmias (requiring medical therapy/
cardioversion) 

33 (26.6)

Pacemaker implantation 3 (2.4)
Reoperation for bleeding 11 (8.8)
Cerbrovascular accidents/Stroke 1 (0.8)
Renal failure 1 (0.8)
Gastrointestinal complications 3 (2.4)
30-day mortality 1 (0.8)
Number of days after surgery before discharge 8.60 ± 4.93
Aortic valve insufficiency
grade I 19 (15.3)
grade II 0 (0)
Aortic valve stenosis 0 (0)

Table 3 Postoperative characteristics

The echocardiographic data (Table 4) before discharge 
and at follow-up provide critical insights into the procedure's 
effectiveness: gradient on aortic valve: the stability of the mean 
gradient was 6.45 mmHg before discharge to 6.88 mmHg 
at follow-up. Left Ventricular Ejection Fraction (LVEF%): 
significant improvement from 49.85% before discharge to 
55.47% at follow-up (p = 0.038).

Echocardiagraphic 
data 

before 
discharge
 (n = 123)

follow-up 
(n = 95)

P value

Gradient on 
the aortic valve  
(mmHg)

6.45 ± 2.58 6.88 ± 3.72 0,1143

Left ventricular 
ejection fraction 
(%)

49.85 ± 9.60 55.47 ± 12.96 0,0384

Left ventricular end-
diastolic volume 
(ml)

134.00 ± 33.57 146.36 ± 61.39 0,5516

Table 4 Echocardiagraphic data

The long-term survival rates (99% at 1 and 3 years, 98% at 
6 years, and 87% at 8 years) and freedom from reoperation (99% 
at 1 year, 98% at 3 years, 95% at 6 years, and 91% at 8 years) are 
indicative (Figure 2).

Figure 2 – Kaplan-Meier curves for the entire cohort patients. 
Survival curve and freedom from aortic valve-related reoperation

Discussion
The outcomes of the David procedure at the National 

Scientific Medical Center in Astana, Kazakhstan, affirm its 
efficacy and safety for treating aortic root aneurysms in our 
center. This discussion analyze the implications of these 
findings, compares them with existing literature, and addresses 
the limitations and future directions for this surgical technique.  

The primary objective behind the David procedure is to 
maintain the functionality of the patient's natural valve while 
correcting the aneurysmal dilation of the aortic root. This 
technique involves replacing the dilated portion of the aorta 
while preserving the native aortic valve and reimplanting it into 
a Dacron graft, which acts as a support structure for the repaired 
aortic root.

The enduring success of the David procedure manifests over 
the long term, offering several advantageous outcomes. Previous 
studies showcase the sustained durability of the preserved aortic 
valve over an extended period, often circumventing the necessity 
for additional interventions due to valve dysfunction [4].

The relatively young age of patients in our study suggests 
that the David procedure is often chosen for younger individuals 
who may benefit from valve preservation over the long term, 
avoiding the complications associated with prosthetic valves. 
The David procedure success hinges on meticulous surgical 
technique and intraoperative management. These durations of 
procedure are comparable to other complex cardiac surgeries 
in our department and reflect the technical demands of the 
procedure (Table 2). Despite these challenges, the absence of 
redo surgeries within the cohort suggests that the initial surgeries 
were performed with high precision and effectiveness.

The long-term survival rates (Figure 2) are acceptable for 
us in this study. These outcomes affirm the procedure's durability 
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and ability to provide sustained benefits without additional 
interventions. This aligns with other studies demonstrating 
similar long-term success rates for the David procedure [5, 
6]. Long-term observations indicate lower occurrences of 
complications typically associated with neo-root (prosthetic), 
such as infections, thrombotic events, or structural valve 
deterioration [7].

Patients undergoing successful valve-sparing procedures 
typically enjoy an improved quality of life compared to those 
necessitating mechanical valve replacements. This is attributed to 
avoiding lifelong anticoagulation and retaining the functionality 
of their native valve [8-12].

These outcomes underscore the clinical efficacy and 
promise of the David procedure in mitigating complications, 
enhancing patient well-being, and extending longevity by 
preserving the native aortic valve. However, individual variations, 
surgical techniques, and post-operative care profoundly impact 
these outcomes, emphasizing the necessity for diligent patient 
monitoring and adherence to medical guidance for optimal 
results.

Retaining the native aortic valve offers significant benefits, 
such as a lower risk of thromboembolic events, which are more 
common with mechanical valve replacements. This can lead 
to better hemodynamics and potentially improved long-term 
quality of life compared to those receiving prosthetic valves 
[13-17].

The rate of postoperative arrhythmias (26.6%) is in 
line with other cardiac surgeries in our clinic. Arrhythmias 
are common after heart surgery and often manageable with 
medication or intervention. Pacemaker implantation (2.4%): 
This low rate suggests that the procedure does not significantly 
disrupt the heart's electrical conduction system in this study.
This is also a procedure demonstrated low rates of postoperative 
complications such as low cardiac output syndrome (2.4%), 
cerebrovascular accidents (0.8%) and low incidence of 
reoperation for bleeding (8.8%)

These rates are consistent with reported in other studies, 
indicating that this procedure is not only effective but also safe 
for most patients [18-23].

The echocardiographic data (Table 4) indicates that the 
valve function is well-maintained postoperatively and left 
ventricle function demonstrates enhanced cardiac function, 
likely due to the relief of aortic valve regurgitation and improved 
ventricular mechanics in the long term. Similar studies have 
reported comparable improvements in LVEF, reinforcing the 
benefit of valve preservation over replacement [17].

One of the significant findings of this study is the 
improvement in left ventricular ejection fraction (LVEF) 
postoperatively, from 49.85% before discharge to 55.47% at 
follow-up, comparable to preoperative data. Here we can assume 
that despite the decrease in ejection fraction after surgery, 
taking into account myocardial ischemia and traumatism of the 
operation, myocardial function is restored in the long term.

The continual advancement of cardiac surgical techniques 
holds promise for further refining outcomes and expanding the 
horizons of patient care in the realm of aortic root aneurysm 
management.

It's important to note that the decision to perform the David 
procedure depends on the specific characteristics of the patient's 
condition, and not all patients may be suitable candidates. The 
choice between the David procedure and other aortic surgery 
techniques is made based on individual factors and the surgeon's 
expertise.

The outcomes of this study are comparable with those 
reported in other centers performing the David procedure. For 
instance, a study by Kvitting et al. reported 5 years, the survival 

rate was 98.7% ± 0.7%, and at 10 years, it was 93.5% ± 5.1%.  
The freedom from reoperation on the aortic root for any cause 
at 10 years was 92.2% ± 3.6%, with three reoperations due to 
structural valve deterioration. The freedom from structural valve 
deterioration at 10 years stood at 96.1% ± 2.1% [12], which is 
consistent with the results observed in our study.

The survival rates of 99% at 1 and 3 years, 98% at 6 years, 
and 87% at 8 years are impressive and align with findings from 
other centers performing this procedure.  The freedom from 
reoperation rates also remained high, with 99% at 1 year, 98% 
at 3 years, 95% at 6 years, and 91% at 8 years. These results 
affirm the procedure's long-term efficacy and its potential to 
provide sustained benefits without the need for further surgical 
interventions.

The success of the David procedure heavily relies on careful 
patient selection and the expertise of the surgical team. Patients 
with a structurally intact aortic valve, free from significant 
sclerosis or calcification, are ideal candidates. The decision to 
proceed with the David procedure should be individualized, 
considering the patient's specific anatomical and clinical 
characteristics. Furthermore, the proficiency of the surgical team 
in performing this technically demanding procedure is crucial 
for achieving optimal outcomes.

Limitations 
This study has several limitations that should be 

acknowledged. Firstly, it is a retrospective study, which limits 
the collection of additional data.  Secondly, the follow-up period, 
although averaging 4.6 years, may not be sufficient to capture all 
long-term complications or reoperations.

Considering that the operations were performed on patients 
from all over the region of Kazakhstan, follow-up examinations 
in our clinic were limited due to the time and financial burden. It 
would also be useful to assess the quality of life. 

Additionally, the study was conducted at a single center, 
which may limit the generalizability of the findings to other 
populations or healthcare settings.

Conclusion
The outcomes of the David procedure have shown 

promising results. Studies indicate favorable survival rates and 
reduced incidences of valve-related complications, making it an 
attractive option for eligible patients with aortic root pathology.

By preserving the native aortic valve, this procedure 
reduces the need for lifelong anticoagulation therapy and 
enhances patient quality of life. Considering our relatively 
limited experience careful patient selection  are essential for 
achieving the best possible outcomes, and ongoing research is 
needed to continue improving and expanding the use of this 
valuable technique in Kazakhstan.
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Abstract
Background: Infertility is a widespread problem that has significant 

impacts on individuals, families, and society. It's known that low fertility 
awareness and lack of knowledge about lifestyle factors affect fertility.

Aim: To compare fertility awareness and healthy lifestyle practices among 
women with and without infertility. 

Methods: Data were collected from 172 infertile and fertile women who 
received care at the Infertility Unit and the Antenatal Care Unit of a hospital 
in Turkey between November 2022 and January 2023. The study data were 
obtained using the Healthy Lifestyle Behavior Scale and Fertility Awareness 
Scale. 

Results: Although there were variations between infertile and fertile 
women in characteristics such as marriage duration, frequency of exercise, 
smoking habits, history of depression and caffeine intake, these differences 
were not statistically significant. But, fertile women had a more positive 
lifestyle in terms of nutrition (p<0.001). Additionally, fertile women had a higher 
fertility awareness than the infertile women. The main factor affecting fertility 
awareness in these women was cognitive and somatic awareness (p<0.001).

Conclusions: There are distinct differences in healthy lifestyle behaviors 
and fertility awareness between fertile and infertile women.

Keywords: fertility; fertility awareness; healthy lifestyle; infertility.
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Introduction
According to the World Health Organization 

(WHO), infertility is defined as "a reproductive system 
disorder characterized by the inability to achieve a 
clinical pregnancy after 12 months or more of regular, 
unprotected sexual intercourse." It is estimated that 
around 48 million couples and 186 million individuals 
globally are affected by infertility [1]. In Turkey, 
approximately 1.5 to 2 million couples are reported to 
experience fertility issues [2]. Infertility is a widespread 
problem that has significant impacts on individuals, 
families, and society. Achieving the necessary 
conditions for fertility is crucial for a healthy pregnancy, 
and these conditions encompass various factors such as 

nutrition, physical activity, sleep, alcohol and tobacco 
use, work conditions, and medication use [3,4]. It 
is hypothesized that making lifestyle adjustments 
and increasing fertility awareness could potentially 
enhance fertility outcomes. The female reproductive 
system and fertility are influenced by various factors, 
including a woman's age and lifestyle choices. Among 
these lifestyle factors, aspects like nutrition, exercise, 
body weight, obesity, eating disorders, psychological 
health, substance use (such as smoking, alcohol, and 
drugs), caffeine intake, environmental and occupational 
exposures, and sexually transmitted infections can 
impact female fertility. While age is an unchangeable 
factor, lifestyle behaviors and habits are modifiable and 

J Clin Med Kaz 2024; 21(6): 35–40
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within an individual's control [5].
Research indicates that women experiencing infertility 

often have low fertility awareness and lack knowledge about how 
lifestyle factors affect fertility [6]. Lifestyle choices are crucial 
not only for fertility but also for overall health, reproductive 
health, and sexual health. These behaviors, which individuals 
can control and improve, can either positively or negatively 
influence reproductive health. Those who understand the impact 
of lifestyle on fertility are more likely to adopt healthy habits to 
preserve their fertility. To protect fertility and enhance fertility 
awareness, individuals should be encouraged to make healthy 
changes to risky lifestyle behaviors, such as quitting smoking, 
improving eating habits, and exercising regularly. Increasing 
fertility awareness among women, preventing infertility, and 
promoting healthy behaviors require a collaborative approach 
involving multidisciplinary teamwork [7,8]. In consequence, 
while research in the literature generally focuses on general 
fertility awareness, the differences between these two groups 
have not been sufficiently examined. In particular, determining 
the differences between infertile women's lack of knowledge 
and fertile women's awareness levels may help us better 
understand the impact of socio-cultural and economic factors. 
It is also important to consider the relationship between fertility 
awareness and healthy life behaviors. Individuals with fertility 
awareness are more likely to adopt healthy living habits such as 
healthy eating, regular exercise and stress management. In this 
context, developing an understanding of the factors that increase 
or inhibit fertility awareness in women experiencing infertility 
may both improve individuals' healthy living behaviors and 
increase the effectiveness of support and treatment processes. 

This research aims to compare fertility awareness and 
healthy lifestyle practices among women with and without 
infertility. Given the lack of comparative studies in this area, the 
findings from this research are anticipated to provide valuable 
insights and contribute to the existing literature.

Material and methods
This study, which was descriptive, cross-sectional, and 

comparative in design, was conducted between November 2022 
and June 2023. The research adhered to the guidelines set forth 
by the Strengthening the Reporting of Observational Studies in 
Epidemiology (STROBE).

Sample
The study population included both infertile and fertile 

women who received care at the Infertility Unit and the Antenatal 
Care Unit of a hospital in Turkey between November 2022 and 
January 2023. Sample size calculations were conducted using the 
G*Power (3.1.9.2) software, with a 0.05 significance level and 
90% power. Based on an assumed medium effect size (d=0.5) for 
comparisons in independent groups, the calculations indicated 
that each group should include 86 participants, as determined 
using the chi-square test (Figure 1).

Inclusion criteria: The sample included infertile women, 
which consisted of primary infertile women receiving infertility 
treatment without any previous successful live births or 
pregnancies, and fertile women, which consisted of primiparous 
women between 32 and 40 weeks of gestation. The study 
included women aged 18 to 49 years who had at least a primary 
school education.

Exclusion criteria: Women with chronic disorders, 
diagnosed with obstetric or gynecological diseases.

Figure 1 –  Strengthening the Reporting of Observational Studies 
in Epidemiology (STROBE) flow diagram

Measurement tools
Measurement tools are given below.

Descriptive Information Form: The researchers developed 
this form following an extensive review of existing literature 
[9,10]. It comprised 13 questions designed to gather information 
about the characteristics of women experiencing infertility, 
including details such as age, level of education, spouse's age, 
length of marriage, duration of infertility treatment, types of 
treatments received, smoking habits, and other relevant factors.

Healthy Life Style Behaviour Scale II (HLSBS-II): The 
scale, initially developed by Walker et al. in 1987, is based on 
Pender's Health Promotion Model and was designed to assess 
health promotion behaviors [11]. It underwent revisions in 1996 
and was subsequently renamed the Healthy Lifestyle Behavior 
Scale II (HLSBS-II) [12]. The Turkish version's validity and 
reliability were established by Bahar et al. in 2008. This scale 
comprises 52 items across six subscales: spiritual growth, 
interpersonal relations, nutrition, physical activity, health 
responsibility, and stress management. Higher scores on the 
scale reflect increased positive health behaviors. The original 
Cronbach's alpha coefficient was reported as 0.92 [13], while in 
this study, the coefficient was found to be 0.91.

Fertility Awareness Scale (FAS): Özşahin and Derya 
(2022) conducted the Turkish validity and reliability study of the 
scale. The scale consists of 19 items and two subscales, which 
are “Bodily Awareness” (consisting of 10 items) and “Cognitive 
Awareness” (consisting of 9 items). As the total score on the 
scale increases, the level of awareness also increases. When 
evaluating the total score on the scale, a score between 19 and 
43 indicates low awareness, a score between 44 and 69 indicates 
moderate awareness, and a score between 70 and 95 indicates 
high awareness. The Cronbach's alpha coefficient for internal 
consistency of the total scale score is 0.887 [14]. In this study, 
the Cronbach's alpha coefficient was found to be 0.713.
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Research Process
This study was conducted in an in vitro fertilization center 

in Turkey. The hospital provides important services in the field 
of reproductive health with its laboratories and specialized 
physician staff. In addition, the pregnancy outpatient clinic of 
the same hospital provides comprehensive support and follow-
up services for women during pregnancy. These two units work 
in an integrated manner to meet the needs of patients in fertility 
treatment and pregnancy monitoring.

The fertility clinic of the hospital conducts new patient 
admissions on Mondays and Tuesdays. On these days, face-
to-face interviews were held with women who were seeking 
services for the first time and had been diagnosed with primary 
infertility. During these interviews, the purpose of the study was 
explained in detail. Forms were filled out by researchers for 
infertile women who agreed to participate and met the inclusion 
criteria (BU, AY). Additionally, the hospital has an antenatal 
clinic on Thursdays and Fridays for pregnant women. In this 
clinic, face-to-face interviews were conducted with primiparous 
women between 32 and 40 weeks of gestation. During these 
meetings, the purpose of the study was explained to these women 
as well, and forms were filled out by researchers for fertile 
women who agreed to participate and met the inclusion criteria 
(RD, ED). The study is anonymous; therefore, the identities of 
the participants were kept strictly confidential. Participants were 
given detailed information about the process before participating 
in the study and their written informed consent was obtained. All 
data were recorded free of personal identifying information and 
was used for research purposes only.

Statistical analysis
Statistical analyses were conducted using the Statistical 

Package for the Social Sciences (SPSS) version 25.0. Continuous 
variables were reported as means (x̄) and standard deviations 
(SD), whereas categorical variables were reported as frequencies 

(n) and percentages (%). The Shapiro-Wilk test was employed 
to evaluate the normality of continuous variables. To compare 
continuous variables between groups, both the Student's t-test 
and Mann-Whitney U test were utilized. The Chi-square test was 
used for categorical variables. Additionally, Pearson correlation 
analysis was performed to examine relationships between 
different scales.

Ethics Approval
The study received ethical approval from Istanbul 

University-Cerrahpaşa Social and Humanities Ethics Committee 
(Ethics Committee Date: 11.08.2022, No: 347). All phases of 
the research adhered to the principles outlined in the Helsinki 
Declaration. Authorization was secured from the relevant 
institution for data collection, as well as from the owners of the 
measurement scales and the participating women.

Results
Table 1 displays the descriptive characteristics and 

comparative data for infertile and fertile women. The average 
age of women with infertility was found to be 32.5±5.18 years, 
while the average age of their husbands was 35±6.05 years. The 
average duration of marriage was 5.00±3.92 years, the average 
duration of infertility was 2.50±3.27 years, and the average sleep 
duration was 7.5±1.26 hours. In contrast, fertile women had an 
average age of 28.5±4.69 years, with their husbands averaging 
32±5.29 years. The duration of marriage for fertile women 
was also 5.00±4.06 years, and their average sleep duration 
was 8.00±1.66 hours. Statistically significant differences were 
observed between the groups: infertile women were older 
(p<0.001), their spouses were older (p=0.001), and they had 
a shorter sleep duration (p=0.031). However, there were no 
significant differences between the groups concerning the 
duration of marriage, regular physical activity, smoking status, 
history of depression, or caffeine intake (p>0.05).

Infertile Women
(n=86)

Fertile Women  (n=86)

x̄ SD x̄ SD Test p 
Age 32.50 5.18 28.5 4.69 t=4.639 <0.001*
Husband Age 35 6.05 32.0 5.29        Z=-3.432 0.001*
Duration of Marriage (year) 5 3.92 5 4.06 Z=-1.680 0.093
Duration of Infertility (year) 2.50 3.27 --- ---
Sleep Duration (hour) 7.50 1.26 8 1.66 Z=-2.151 0.031*

N % N %
Regular Exercise
Yes 17 19.8 22 25.6 χ2=0.829 0.363
No 69 80.2 64 74.4
History of Depression
Yes 15 17.4 15 17.4 χ2=0.000 1.000
No 71 82.6 71 82.6
Smoking Status (per day)
1-20 13 15.2 7 8.1 χ2=4.487 0.106
Never 73 84.8 79 91.9
Caffeine Consumption
Rarely 19 22.1 28 32.6 χ2=5.301 0.258
 Sometimes 24 27.9 26 30.2
Frequently 15 17.4 11 12.8
Always 12 14.0 5 5.8
Never 16 18.6 16 18.6
Duration of Infertility Treatment (years)
1-3 54 62.8 ----- -----
4-6 20 23.3
7-+ 12 14.0
Infertility Treatment
Intrauterine Insemination (IUI) 18 20.9 ----- -----
In Vitro Fertilization (IVF) 68 79.1
Cause of Infertility
Female factors 32 37.2
Both factors 26 30.2
Unexplained 28 32.6
Pregnancy
Planned ----- ----- 66 76.7
Unplanned 20 23.3

Table 1 Comparison of descriptive characteristics between groups

X: Mean, SS: Standard deviation, t: Student-t Test, Z:Mann- Whitney U Test , χ2: Chi-square test
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The data regarding the comparison of mean scores 
obtained from HLSBS-II for infertile and fertile women are 
shown in Table 2. According to our findings, the mean score 
of the Nutrition subscale was significantly higher in fertile 

women compared to infertile women, indicating a high and 
very significant statistical difference (p<0.001). There were no 
significant differences between the groups in terms of total scale 
score and other subscales (p>0.05).

Parameters
Infertile Women  (n=86) Fertile Women  (n=86)
x̄±SD x̄±SD Test p

HLSBS-II Subscales
Physical Activity 11.50±5.24 14.00±4.86 Z=-1.589 0.112
Nutrition 22.00±4.55 26.00±4.31 Z=-4.345 <0.001*
Health Responsibility 24.00±4.63 24.00±4.44 Z=-0.286 0.775
Spiritual Growth 31.00±4.41 31.00±4.91 Z=-0.405 0.686
Interpersonal Relations 29.50±4.04 30.00±4.23 Z=-0.214 0.831
Stress Management 21.00±4.10 22.00±4.35 Z=-0.087 0.930
Total Score 140.00±19.96 150.00±20.22 t=-1.188 0.237

Table 2 Mean scores of infertile and fertile women on the HLSBS-II Scale and its subscales

t=Student-t test, Z=Mann Whitney-U test, p<0.05

The data regarding the comparison of mean scores obtained 
from FAS for infertile and fertile women are presented in Table 
3. According to our findings, infertile women showed a moderate 
level of mindfulness, while fertile women demonstrated a high 
level of mindfulness (total scale score: infertile women: 64.50; 
fertile women: 71.00). The mean score of FAS was significantly 
higher in fertile women compared to infertile women, indicating 
a high and very significant statistical difference (p<0.001). In 
the subscales of the scale, Cognitive Awareness total score 
(p<0.001) and Somatic Awareness total score (p=0.005) were 
higher in fertile women, and there was a significant difference 
between the groups.

Table 3
Mean Scores of infertile and fertile women on 
the FAS and its subscales

t=Student-t test, Z=Mann Whitney-U test, p<0.05.

Parameters
Infertile 
Women  
(n=86)

Fertile 
Women 
(n=86)

x̄±SD x̄±SD Test p
FAS Subscales
Cognitive 
Awareness 26.50±5.49 30.00±6.03 t=-4.122 <0.001*

Bodily 
Awareness 39.00±6.51 42.00±5.54 Z=-2.800 0.005*

Total Score 64.50±10.07 71.00±9.68 t=-4.353 <0.001*

A weak positive correlation was observed between the 
average scale scores for infertile women (P=0.445; p<0.001), 
while a moderate positive correlation was found for fertile 
women (P=0.591; p<0.001) (Table 4).

Table 4
Relationship between HLSBS-II Scale and FAS 
scores

P=Pearson,  p<0.05

Category Results

P    p
Infertile Women 0.445 <0.001
Fertile Women 0.591 <0.001

Discussion
This study was conducted to compare fertility awareness 

and healthy lifestyle practices between women with and without 
infertility. According to the findings of the current study, it was 
determined that fertile women had healthier eating behaviors and 

had higher fertility awareness in general. It was determined that 
the main factor affecting fertility awareness in these women was 
cognitive and somatic awareness. Current studies often evaluate 
fertility awareness of infertile and fertile women separately. 
However, studies comparing fertility awareness of infertile and 
fertile women are limited in the literature. 

The findings reveal differences in descriptive characteristics 
between the two groups, with fertile women and their partners 
being younger on average. It is well-documented that advanced 
maternal age can lead to a reduced ovarian reserve, while older 
paternal age is linked to diminished sperm quality and testicular 
function, both of which can contribute to infertility [15,16]. The 
elevated ages observed in the infertile group of this study align 
with existing literature on this issue. When examining sleep 
duration, it is observed that infertile women had shorter sleep 
durations, which was statistically significant. The literature 
suggests that healthy sleep has positive effects on fertility, 
while negative sleep habits are often found in infertile women. 
Additionally, infertility is known to have a negative impact on 
sleep [17]. Although caffeine consumption was similar between 
infertile and fertile women in the current study, studies in the 
literature have reported conflicting results regarding the effects 
of caffeine on fertility [18,19]. The uncertainty of caffeine's 
effects on fertility was also reflected in the data of this study. 
While physical activity and exercise are known to positively 
support fertility, a meta-analysis has indicated contradictory 
results [20]. The present study showed similar rates of regular 
exercise between the groups, which is in line with the literature.

Studies emphasize that diet may have an effect on fertility 
[21]. Yang et al. (2023) reported that the Mediterranean diet may 
have a positive effect on fertility [22]. Poor dietary habits are 
known to affect fertility adversely by contributing to metabolic 
disorders like obesity, diabetes, hyperlipidemia, and negatively 
impacting oocyte quality [23]. Nevertheless, studies report that 
the consequences of diet for fertility are unclear. In a study 
of women's reproductive awareness, it was reported that the 
majority thought there was an association between obesity and 
infertility [24]. In the present study, fertile women were found to 
have healthier eating behaviors. However, no study was found in 
the literature directly evaluating the nutritional habits of women 
according to their fertility status. A systematic review indicates 
that individuals experiencing difficulty in conceiving and those 
planning their pregnancies have higher fertility awareness [25]. 
In a study involving women admitted to hospital for infertility, it 
was determined that women had a high level of knowledge about 
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the causes of infertility. However, they were still reported to have 
low awareness about reproductive health [24]. Similarly, the 
current study showed that infertile women had lower awareness. 
It is believed that this lack of fertility awareness contributes to 
the development of infertility. However, in a study including 
fertile women and men, fertility awareness was again found 
to be low. In the study, it was reported that higher education 
levels positively affected fertility awareness [26]. As can be 
seen, there are studies on fertility awareness conducted with 
different populations in the literature. However, the findings on 
the level of fertility awareness of fertile or infertile women are 
controversial.

Conclusion
Infertility stands out as a significant public health problem. 

Many infertile women do not have sufficient information 
about reproductive health, fertility processes and treatment 
options. This lack of information leads to misunderstandings 
and disregard for healthy lifestyle choices. The findings of 
the study show that women experiencing infertility generally 
exhibit lower levels of healthy lifestyle behaviors and fertility 
awareness. This situation reveals that infertile women face 
problems such as lack of information affecting their health 
decisions and not adopting healthy lifestyle habits. At the same 
time, the difficulties brought by the infertility treatment process 
also negatively affect women's mental health. Uncertainty and 
anxiety during the treatment process make it difficult for them 
to adopt habits such as healthy nutrition, regular exercise and 
stress management. Women under stress may disregard healthy 
choices and this situation negatively affects their general health 
status and creates a vicious cycle regarding reproductive health. 
Therefore, addressing the lack of information and encouraging 
healthy lifestyle habits is of critical importance in the fight 
against infertility. In light of these results, it is recommended that 
midwives systematically collect information about women's pre-
pregnancy lifestyle habits and fertility awareness. In addition, 
implementation of educational programs aimed at raising 
awareness of effective fertility management may be beneficial in 
addressing and improving these issues within the community. It 
is recommended that future research include longitudinal studies 
to monitor the long-term effects of lifestyle changes on fertility 
outcomes. Such studies should focus on the development and 
implementation of interventions aimed at promoting healthy 
lifestyle behaviors among infertile women. Thus, with the 
fertility awareness gained, women can adopt healthy lifestyle 
behaviors and improve their reproductive health.

Strengths and Limitations
One of the strengths of this study is that it conducts 

a comparative analysis among women in both the in vitro 
fertilization clinic and the antenatal care unit. This approach 

allows for a more comprehensive understanding of the effects 
of healthy lifestyle behaviors on fertility awareness. By focusing 
on women's healthy lifestyle behaviors and health literacy, the 
study identifies potential intervention areas to enhance women's 
knowledge regarding reproductive health. However, there are 
some limitations to this study. The research is confined to women 
receiving care at a hospital's in vitro fertilization and antenatal 
clinics in Turkey, which may restrict the generalizability of 
the findings to other settings or populations. Additionally, the 
data were collected through self-reported questionnaires; this 
reliance on participants' self-disclosure may introduce response 
biases or inaccuracies. These factors should be considered when 
interpreting the results and applying them to broader contexts.

Author Contributions: Conceptualization, B.U., R.D., 
E.D. and A.Y.; methodology, B.U., R.D. and E.D.; validation, 
B.U., R.D. and E.D.; formal analysis, E.D. and A.Y; investigation, 
B.U. and R.D.; resources, B.U., E.D. and A.Y.; data curation, 
B.U. and E.D.; writing – original draft preparation, B.U., R.D., 
E.D. and A.Y.; writing – review and editing, B.U., R.D. and 
E.D.; visualization, R.D. and E.D.; supervision, B.U.; project 
administration, B.U., R.D. and E.D.; funding acquisition, B.U., 
R.D., E.D. and A.Y.

Disclosures: There is no conflict of interest for all authors.

Acknowledgments: The authors extend their sincere 
gratitude to all the women who generously participated in this 
study. We especially appreciate the willingness of the women 
experiencing infertility to contribute their time and insights, 
despite the considerable stress and personal challenges they 
face. Engaging with individuals under such circumstances is not 
only demanding but also deeply rewarding. Their cooperation 
and openness have been invaluable to the success of this 
research. We are profoundly grateful for their dedication and the 
opportunity to learn from their experiences.

Funding: None.

Ethics approval: The study obtained approval from the 
Istanbul University Cerrahpaşa Social and Human Sciences 
Ethics Committee (Ethics Committee Date: 08.11.2022 No: 
2022/347). All stages of the study were conducted in accordance 
with the Helsinki Declaration. Permission was obtained from the 
institution where the study data would be collected, the owners 
of the scales used, and the women participating in the study.

References 
1.	 World Health Organization. Available at:  https://www.who.int/news-room/fact-sheets/detail/infertility. Access Date: May, 2023
2.	 Fırat BÖ, Şahin NH. Infertility and stigmatization within the context of gender roles: A systematic review. Ordu University J Nurs Stud. 

2022; 5(1): 93–103. https://doi.org/10.38108/ouhcd.933034. 
3.	 Boedt T, Vanhove AC, Vercoe MA, Matthys C, Dancet E, Lie Fong S. Preconception lifestyle advice for people with infertility. Cochrane 

Database Syst Rev. 2021; 4(4): CD008189. Published 2021 Apr 29. https://doi.org/10.1002/14651858.CD008189.pub3. 
4.	 Carson SA, Kallen AN. Diagnosis and management of infertility: A Review. JAMA. 2021; 326(1): 65–76. https://doi.org/10.1001/

jama.2021.4788. 
5.	 Emokpae MA, Brown SI. Effects of lifestyle factors on fertility: Practical recommendations for modification. Reproduction and 

Fertility. 2021; 2(1): R13-R26. https://doi.org/10.1530/RAF-20-0046. 



40
Journal of Clinical Medicine of Kazakhstan: 2024 Volume 21, Issue 6

6.	 Verulava T, Pirtskhalava M. Fertility Awareness and Knowledge among Infertile Women in Georgia: A Cross-sectional Study. 
International Journal of Infertility & Fetal Medicine. 2022; 13(2): 70–75. https://doi.org/10.5005/jp-journals-10016-1284. 

7.	 Lino K, Fukuhara R, Yokota M, Yokoyama, Y. Fertility awareness and subclinical infertility among women trying to get pregnant at 
home. BMC Women's Health, 2022; 22(1), 43. https://doi.org/10.1186/s12905-022-01626-z. 

8.	 Ozsahin Z, Altıparmak S. Determining the effects of women’s fertility awareness levels on obstetric history. Middle Black Sea J Health 
Sci. 2021; 7(1), 132–142. https://doi.org/10.19127/mbsjohs.892012. 

9.	 Vahedian Shahroodi M, Tavakoly Sany SB, Hosseini Khaboshan Z, Esmaeily H, Jafari A, Tajfard M. Effect of a theory-based educational 
intervention for enhancing nutrition and physical activity among Iranian women: a randomised control trial. Public Health Nutr. 2021; 
24(18): 6046–6057. https://doi.org/10.1017/S1368980021002664. 

10.	 Wdowiak A, Anusiewicz A, Bakalczuk G, Raczkiewicz D, Janczyk P, Makara-Studzińska M. Assessment of Quality of Life in Infertility 
Treated Women in Poland. Int J Environ Res Public Health. 2021; 18(8): 4275. https://doi.org/10.3390/ijerph18084275. 

11.	 Walker SN, Sechrist KR, Pender NJ. The Health-promoting lifestyle profile: Development and psychometric characteristics. Nurs Res. 
1987; 36(2): 76–81.

12.	 Walker SN, Hill-Polerecky DM. Psychometric evaluation of the Health Promoting Lifestyle Profile II. Unpublished manuscript, 
University of Nebraska Medical Center. 1996.

13.	 Bahar Z, Beşer A, Gördes N, Ersin F, Kıssal A. Healthy life style behavior scale II: A reliability and validity study. C.U.Hemsirelik 
Yuksekokulu Dergisi. 2008; 12(1): 1–13.

14.	 Ozsahin Z, Derya YA. Fertility awareness scale development study in Turkish women. European Journal of Integrative Medicine. 
2022; 49: 102101.

15.	 Secomandi L, Borghesan M, Velarde M, Demaria M. The role of cellular senescence in female reproductive aging and the potential for 
senotherapeutic interventions. Hum Reprod Update. 2022; 28(2): 172–189. https://doi.org/10.1093/humupd/dmab038. 

16.	 Sharma R, Agarwal A, Rohra VK, Assidi M, Abu-Elmagd M, Turki RF. Effects of increased paternal age on sperm quality, reproductive 
outcome and associated epigenetic risks to offspring. Reprod Biol Endocrinol. 2015; 13: 35. https://doi.org/10.1186/s12958-015-
0028-x. 

17.	 Reschini M, Buoli M, Facchin F, Limena A, Dallagiovanna C, Bollati V, Somigliana E. Women's quality of sleep and in vitro fertilization 
success. Sci Rep. 2022; 12(1): 17477. https://doi.org/10.1038/s41598-022-22534-0. 

18.	 Ricci E, Viganò P, Cipriani S, Somigliana E, Chiaffarino F, Bulfoni A, Parazzini F. Coffee and caffeine intake and male infertility: a 
systematic review. Nutr J. 2017; 16(1): 37. https://doi.org/10.1186/s12937-017-0257-2. 

19.	 Gaskins AJ, Chavarro JE. Diet and fertility: a review. Am J Obstet Gynecol. 2018; 218(4): 379–389. https://doi.org/10.1016/j.
ajog.2017.08.010. 

20.	 Zhao F, Hong X, Wang W, Wu J, Wang B. Effects of physical activity and sleep duration on fertility: A systematic review and meta-
analysis based on prospective cohort studies. Front Public Health. 2022; 10: 1029469. https://doi.org/10.3389/fpubh.2022.1029469. 

21.	 Winter HG, Rolnik DL, Mol BWJ, et al. Can Dietary Patterns Impact Fertility Outcomes? A Systematic Review and Meta-Analysis. 
Nutrients. 2023; 15(11): 2589. Published 2023 May 31. https://doi.org/10.3390/nu15112589. 

22.	 Yang J, Song Y, Gaskins AJ, et al. Mediterranean diet and female reproductive health over lifespan: a systematic review and meta-
analysis. Am J Obstet Gynecol. 2023; 229(6): 617–631. https://doi.org/10.1016/j.ajog.2023.05.030.

23.	 Silvestris E, Lovero D, Palmirotta R. Nutrition and female fertility: An interdependent Correlation. Front Endocrinol (Lausanne). 
2019; 10: 346. https://doi.org/10.3389/fendo.2019.00346. 

24.	 Zalewska O, Wszołek K, Pięt M, Wilczak M, Chmaj-Wierzchowska K. Women's Awareness of Reproductive Health. Medicina 
(Kaunas). 2024; 60(1): 158. Published 2024 Jan 15. https://doi.org/10.3390/medicina60010158.

25.	 Pedro J, Brandão T, Schmidt L, Costa ME, Martins MV. What do people know about fertility? A systematic review on fertility awareness 
and its associated factors. Ups J Med Sci. 2018; 123(2): 71–81. https://doi.org/10.1080/03009734.2018.14801866. 

26.	 Ahmed HM, Khan M, Yasmin F, et al. Awareness Regarding Causes of Infertility Among Out-patients at a Tertiary Care Hospital in 
Karachi, Pakistan. Cureus. 2020; 12(4): e7685. Published 2020 Apr 16. https://doi.org/10.7759/cureus.7685.



41
Journal of Clinical Medicine of Kazakhstan: 2024 Volume 21, Issue 6

Review Article DOI: https://doi.org/10.23950/jcmk/15603.

JOURNAL OF CLINICAL MEDICINE OF KAZAKHSTAN (E-ISSN 2313-1519)

Abstract
Aim: Congenital heart disease (CHD), defined as anatomic abnormalities 

of the heart and/or great vessels, is considered one of the most common 
anomalies worldwide. The aim of the study was to determine whether the 
NT-proBNP indicator has a diagnostic value in identifying and determining 
the severity of the disease, based on the analysis of this marker in patients 
admitted with congenital heart defects at the age of up to 1 year, and also to 
check whether there is a correlation between lactate and NT-proBNP among 
patients with congenital heart defects.

Methods: NT-proBNP values in 81 critical condition congenital anomaly 
patients averaged 12811.6±810.7 (445-40163), control group averaged 135.6±14.0 
(78-320) among 20 patients, Pf< 0.001 which was reported to be statistically 
significant. 

Results: In our study, NT-proBNP indicators of patients diagnosed with 
CHD were found to be higher in the first 28 days compared to other infant 
groups (1-6 months and 6-12 months). The results revealed that the difference 
between the CHD lactate level between the surviving and lethal groups was 
statistically significant (Pf< 0.001; Pu 0.017). 

Conclusion: We should state that in our study, blood NT-ProBNP levels 
in critically ill infants with congenital heart anomalies were found to be 
approximately 10 times higher than in healthy infants (Pf < 0.001). At the same 
time, a correlation was established between the blood lactate index and the 
blood NT-ProBNP level. 

Keywords: Congenital heart anomalies, NT-proBNP level, lactate level, 
mortality predictor.
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Introduction
CHD is defined as an anatomical abnormality of 

the heart and/or great vessels resulting from intrauterine 
development [1]. Diagnosis of innate defects during 
the antenatal period or immediately after birth remains 
one of the current problems of medicine. Despite 
advances in diagnostic evolution, in modern times 
a large proportion of children with congenital heart 
defects remain undiagnosed until serious complications 
develop.

Congenital heart disease (CHD) is one of the most 
common anomalies worldwide, affecting approximately 
0.8%–1.2% of live births [2, 3]. The prevalence of 
congenital heart defects has been extensively studied 
and is reported to be approximately 9.5/1000 [4].

CHD incidence and mortality rates have been 
found to be significantly heterogeneous across 
geographic regions and countries [5, 6]. Thus, it 
was determined that the incidence of CHD varied 
by region, and the results presented the frequency as 
varying between 1.2 and 17 per 1000 live births [7]. 
Although the field of cardiology and cardiovascular 
surgery has advanced in recent years, with mortality 
rates decreasing dramatically, allowing most patients 
to reach adulthood, congenital anomalies remain the 
leading cause of death and result in a reduced quality 
of life associated with the disease [8]. Congenital heart 
defects account for 3% of infant deaths. Studies have 
shown that with timely detection of congenital heart 
defects and early intervention, neonatal mortality rate 
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can decrease from 2‒3/1000 to 0.6‒0.8/1000 live births [9].
Various tests have been tested to improve the diagnosis of 

CHD and reduce mortality. Screening tests using pulse oximetry 
are used to detect critical CHD, allowing early diagnosis in 
infants who have not been diagnosed with the disease before 
birth. Meta-analyses have shown that this screening test has a 
specificity of 99.9%, a sensitivity of approximately 76%, and 
a false-positive rate of 0.14% for critical CHD [10]. Although 
screening is now mandatory in many high-income countries, 
challenges remain in implementing screening in low- and 
middle-income countries (LMIC) [11, 12].

CHD is classified into two main groups: 1. Asianotic CHD: 
Left to right shunt- VSD; ASD; PDA and Outflow obstruction 
- Pulmonary stenosis; aortic stenosis; aortic coarctation. 2. 
Cyanotic CHD: Tetrada of Fallot; Tricuspid atresia; transposition 
of trunk vessels; truncus arteriosus; total pulmonary venous 
return anomaly (TAPVR); Ebstein anomaly.

Guidelines prepared by the European Society of Cardiology 
(2016) recommend the use of brain natriuretic peptide (BNP) 
and N-terminal pro-B-type natriuretic peptide (NT-proBNP) 
as clinical biomarkers for the diagnosis and prognosis of heart 
failure [13]. Compared to BNP, NT-proBNP is a more stable 
protein and its serum half-life is longer than that of BNP [14].

Cantinotti et al. in 2015, BNP/NT-proBNP was found 
to be informative as an additional marker in the course of 
screening, diagnosis, and surgical treatment, indicating specific 
haemodynamics associated with congenital heart defects. The 
authors advocate widespread clinical use of peptides, particuarly 
NT-proBNP (BNP as the active moiety and NT-proBNP as the 
inactive moiety) as substantial biomarkers in congenital heart 
disease [15]. The plasma half-life of NT-proBNP is 1-2 hours 
[16]. Cardiomyocytes located in the ventricles of the heart 
secrete pro-BNP, an inactive prohormone, which is converted to 
biologically active NT-proBNP in a 1: 1 ratio. Because proBNP is 
a more stable peptide, it appears in higher plasma concentrations 
than the actual hormone BNP [17].

Serum NT-proBNP levels have been shown to correlate with 
the severity of left ventricular (LV) dysfunction and functional 
status and can be used to help differentiate between dyspnea due 
to respiratory problems and heart failure [18]. The importance of 
NT-proBNP level in the diagnosis and assessment of heart failure 
has been proven. Many studies have demonstrated the important 
role of natriuretic peptide testing, including NT-proBNP, in heart 
failure management from diagnosis to monitoring, leading to 
recommendations for the use of these tests in clinical practice, 
with a high level of evidence and recommendation in most cases 
[13].

Lactate is a classic marker in critically patients and has 
been shown to be more elevated in cases of severe illness and 
death [19]. Hyperlactatemia is one of the main parameters in 
shock states due to lactate synthesis in anaerobic metabolism 
and is an indicator of inadequate oxygen supply [20].

In our study, we investigated and compared NT-proBNP 
and lactate parameters in critically infant CHD patients.

Material and metods
The purpose of our study is to find out whether this marker 

is diagnostically important in detecting and determining the 
severity of the disease, based on the analysis of NT-proBNP 
indicators of patients admitted with congenital heart defects 
under the age of 1 year, and also to check whether there is a 
correlation between lactate and NT-proBNP among patients 
with congenital heart defects. Congenital heart defects were not 
specified, patients with renal failure, sepsis, and children who 
stayed in the intensive care unit for less than 24 hours were 
excluded.In a study of 101 infants, children were divided into 

two groups: patients diagnosed with CHD (n=81) and healthy 
children (n=20).

Blood samples taken from arterial, central and peripheral 
vessels of patients were tested for NT-proBNP with Cobas E601 
and Cobas E602 analyzers. NTproBNP measurement range is 
10-35000 pg/ml. The Limit of Blank, Limit of Detection and 
Limit of Quantitation were determined in accordance with the 
CLSI (Clinical and Laboratory Standards Institute) EP17-A2 
requirements. 

Ethical Considerations
The principles of the Declaration of Helsinki were 

considered at all stages of the study. In order to carry out the 
research, permission was obtained from the Ethics Committee 
of Azerbaijan Medical University to take additional blood 
analysis from patients diagnosed with congenital heart defects 
(18.10.2024/36). Written and verbal consent was obtained from 
the parents of the patients participating in the study.

Statistical analyses
Statistical studies were performed using variation 

(t-Student-Bonferroni, U-Mann-Whitney, H- Kruskal-Wallis), 
discriminant (Chi-square Pearson), variance (F-Fisher) and 
correlation (Rho-Spearman) methods" IBM Statistics SPSS-
26 programs were performed. The "0" hypothesis was rejected 
when p<0.050 [21].

Results
In our study, NT-proBNP test was performed in 55 (67.9%) 

of 81 infants with critical congenital heart disease in the first 28 
days; 21 (25.9%) in 1-6 months; and 5 (6.2%) in 7-12 months. 
69.1% of the patients were male (56) and 30.9% (25) were 
female (Table 1).

Table 1 Characteristics of patients

Mean  Std error
Gestasional 
week

Preterm 22 (27.2%)
37.3 0.2

Term 59 (72.8%)
Age range 1-28 days 55 (67.9%)

38.6  7.1 
1-6 month 21 (25.9%)

7-12 month 5 (6.2%)

Gender Male 56 (69.1%)
Female 25 (30.9%)

Weight 2933,1 61,9
Delivery Physiological 29 (35,8%)

Caesarean 
section

52 (64,2%)

Abqar scale
1 st min

< 7 score
≥ 7 score

40 (49,4%)
41 (50,6%)

6,3 0.1

5 st min < 7 score
≥ 7 score

19 (23,5%)
62 (76,5%)

6,8 0,1

In the healthy group, 10 out of 20 babies (50%) were born 
in the first 28 days; 3 (15%) between 1-6 months; and 7-12 
months (35%). Of these, 5 (25%) were preterm and 15 (75%) 
were term babies. Of the healthy group, 17 (85%) were male and 
3 (15%) were female. Mean birth weight was 2957.5 ± 107.7. 
Nine (45%) of the healthy children were born physiologically 
and 11 (55%) were born by cesarean section. The mean Abqar 1 
score was 7.7±0.2 and the mean Abqar 5 score was 8±0.1.

When the reasons for these patients being admitted to 
intensive care were examined, it was seen that 33 (40.7%) 
patients were not associated with anomaly, 32 (39.5%) patients 
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were associated with anomaly, and 16 (19.8%) patients were 
suspected of anomaly. Multiple anomalies were detected in 12 
(14.8%) of these patients; 4 (4.9%) of them simultaneously had 
gastrointestinal system anomalies, 2 (5%) had nervous system 
anomalies, 1 (1.2%) had metabolic diseases, and 8 (9.9%) had 
other anomalies (Table 2).

When conducting a comparative analysis of the indicators 
lactat and NT-proBNP, according to the age range, the following 
results were noted. Also, in our study, a comparative analysis 
was conducted according to the age range (Table 5).

Table 3

Table 4

Comparison of NTproBNP patient group 
and control group.

Analysis of NT-proBNP values of congenital 
heart defect anomalies.

Table 2 Evaluation of patients according to anomaly 
and clinical condition

Reason for 
admission to 
intensive care

not due to anomaly 33 (40,7%)

related to the anomaly 32 (39,5%)

Suspected anomaly 16 (19,8%)

A congenital 
anomaly has been 
identified

In the birth house 34 (42%)

In intensive care 47 (58%)

According to the 
type of anomaly

Structural 80 (98,8%)
.

Structural+functional 1 (1,2%)
According to the 
damage number 
of the anomaly

Single  69 (85.2%)

Multipl 12 (14.8%)

Mechanical 
ventilation

None 34 (42%) 4.5± 0.6 days

Yes 47 (58%)
Duration of 
parenteral 
nutrition

1.9±0.3 days

Surgical 
intervention

None 72 (88,9%)

Yes 9 (11,1%)
Length of stay in 
intensive care

10.8± 0.9

Conclusion Survived 65 (80.2%)
Lethal 16 (19.8%)

NT-proBNP values in 81 critical condition congenital 
anomaly patients averaged 12811.6±810.7 (445-40163), control 
group averaged 135.6±14.0 (78-320) among 20 patients, Pf < 
0.001 which was reported to be statistically significant (Table 3).

Groups Patient № Mean St error Min Max
Pf < 0.001Control 20 135,6 14,0 78 320

Main 81 12811,6 810,7 445 40163

CHD Patient 
№

NT-proBNP average 
value pg/ml

Pf Pu

Coarctation of the 
aorta

7 11651,7±1705,1 < 0.001 < 0.001

Aortic stenosis 4 13295,0±1454,3 < 0.001 0.002
Aortic hypoplasia 3 10233,3±2316,8 < 0.001 0.006
ASD 48 12228,2±1056,7 < 0.001 < 0.001
AVSD 14 15816,6±2952,4 < 0.001 < 0.001
Dextrocardia 2 12136,0±7624,0 < 0.001 0.022
Ebstein anomaly 3 19643,3±5652,5 < 0.001 0.006
Fallot tetrada 10 15163,2±1368,0 < 0.001 < 0.001
Magistral damar 
transpozisya

8 11993,8±2147,8 < 0.001 < 0.001

PDA 14 16413,4±2497,9 < 0.001 < 0.001
Pulmonar stenoz 24 12799,8±1617,6 < 0.001 < 0.001
Taussig Big 1 40163,0 < 0.001 0.098
Single ventricle 4 15782,5±1485,5 < 0.001 0.002
VSD 42 11290,7±837,8 < 0.001 < 0.001

When we analyzed NT-proBNP values separately for 
congenital heart defect anomalies, we obtained the results shown 
in Table 4.

Figure 1 –  text

Age range Patient 
№

Means St error Min Max Pf

Lactate 1-28 day 253 6,0 0,2 1	 22

0,943
1-6 month 68 5,9 0,5 1 20

7-12 
month

11 6,3 1,1 2	 14

NT-
proBNP

1-28 day 55 13398,2 1095,5 445	 40163

0,442
1-6 month 21 10951,9 1082,4 3000	 18500

7-12 
month

5 12060,0 3438,4 1000	 19800

Table 5 Blood levels of lactat and NT-proBNP 
depending of age of infants.

Also, in our study conducted by Spearman's rho method, 
it was found that there is a correlation between lactate and NT-
proBNP (rho=0.333; p=0.003) (Table 6).

Table 6 Correlation between lactate and NT-proBNP

Lactate Correlation Coefficient 1,000 0,333

Sig. (2-tailed) 0,003

NT-proBNP Correlation Coefficient 0,333 1,000

Sig. (2-tailed) 0,003

In the patients examined in our study, the average value 
of the lactate index in the survived group was 5.6±0.2, and NT-
proBNP was determined as 12894.9±853.3. In the lethal infant 
group, lactate index was 7.9 ±0.8 and NT-proBNP was 11903.8 
±2371.2. The results revealed that the difference between the 
CHD lactate level between the surviving and lethal groups was 
statistically significant (Pf< 0.001; Pu 0.017) (Table 7).

Table 7 Comparative analysis of lactate and 
NTproBNP values between surviving and 
lethal groups

Patient groups Lactate mg/l NT-proBNP pg/ml
Survived 65 
(80.2%)

5.6 ± 0.2 12894,9 ± 853,3

Lethal 16 
(19.8%)

7,9 ± 0,8 
(Pf< 0.001; Pu 0,017)

11903,8 ± 2371,2 
(Pf= 0,633; Pu= 0,239)
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Discussion
Although it is known that the NT-proBNP test in patients 

with severe cardiac pathology is informative in terms of 
identifying the degree of heart failure, we studied the effect of 
this indicator on the occurrence of complications and mortality 
in children admitted to the intensive care unit with a diagnosis of 
congenital heart disease, as well as the level of lactate, reflecting 
tissue hypoxemia, and the correlation of its level with NT-
proBNP in hypoxia caused by heart defects, and analyzed its 
prognostic value.

Improvements in diagnosis now estimate that 1.35 million 
children are diagnosed with CHD each year [22]. CHD is 
clinically classified into three main categories: 1) Life-threatening 
CHD - structural heart defects in which cardiovascular collapse 
is possible and is at risk if not treated early. Critical CHD is 
divided into 3 parts according to the injury: 1.Obstructive lesions 
of the right heart (dependent pulmonary circulation): pulmonary 
athesia complete ventricular wall; Critical pulmonary stenosis; 
combined with pulmonary atresia in tetrada of fallot; tricuspid 
atresia; severe Ebstein anomaly. 2. Obstructive damage of the left 
heart (depending on the flow-systemic circulation): Hypoplastic 
left heart syndrome; Critical aortic stenosis; Coarctation of 
the aorta; Interrupted aortic arch. 3. Mixed injuries: Truncus 
transposition; Total pulmonary venous return anomaly; Truncus 
arteriosus.

2. Clinically significant CHD - early intervention is needed 
in the case of structural heart defects due to the impact on heart 
function and the development of heart failure as a result. This 
group includes large ventricular septal defect (VSD), complete 
atrioventricular septal defect (AVSD), large atrial septal defect 
(ASD), and tetralogy of Fallot with good pulmonary artery 
anatomy (TOF).

3. Clinically insignificant CHD - anatomically defined 
heart defects, but functionally and clinically insignificant. These 
include small ventral septal defect (VSD), atrial septal defect 
(ASD), mild pulmonary artery stenosis (PS), diseases that can 
be detected only by echocardiography and require no treatment 
[9, 23]. We did not include patients with clinically insignificant 
CHD in our study.

Etiological studies reveal the cause of CHD in 
approximately 15% of infants with congenital heart defects [24]. 
In 2017, CHD caused at least 260,000 deaths, 180,000 of which 
were among infants [25].

BNP level may be a prognostic criterion in patients 
admitted to cardiac intensive care units and may indicate the 
presence of LV volume and pressure overload in the presence of 
shunts and ay identify overt cardiac disease in acute care settings 
[26]. Harris SL et al. study, NT-proBNP was determined as an 
informative biomarker in predicting HsPDA and it was found 
that ventilation, hypoxia and hemoglobin levels did not affect 
NT-proBNP, but creatinine level showed a positive correlation 
[27]. Jourdain P. et al. study revealed that serum NT-proBNP 
levels predict mortality risk and that monitoring the level of this 
peptide in treated CHF patients reduces the risk of CHF-related 
death and length of hospital stay [28].

High end-diastolic pressure and increased ventricular 
wall stress are the main triggers that stimulate BNP synthesis 
[29]. BNP is a peptide hormone that regulates circulating 
blood volume and arterial pressure by stimulating diuresis 
and natriuresis, inhibiting renin and aldosterone synthesis, and 
causing vasodilatation [30]. BNP acts on many organs and 
increases sodium excretion, stimulates urine output, causes 
vasodilation, and inhibits the renin-angiotensin-aldosterone 
system and sympathetic nerves. NT-proBNP levels increase due 

to abnormally high intraventricular pressure during heart failure 
and this level is positively correlated with the degree of heart 
failure [31].

In newborns, the concentration of NT-proBNP has a 
maximum value at birth and decreases almost 2 times in the first 
week of life. Measurement of NT-proBNP concentration can be 
used in neonates at risk of CHD and HF in the neonatal period 
[32].

NT-proBNP values decrease from 400 ng/L in the first 3 
months of childhood to 138 ng/L in girls and 65 ng/L in boys 
by the age of 18. Values decrease rapidly, especially during 
adolescence [33]. In our study, NT-proBNP indicators of patients 
diagnosed with CHD were found to be higher in the first 28 days 
compared to other infant groups (1-6 months and 6-12 months).

In pediatric age, BNP/NT-proBNP plasma concentration 
values may be influenced by many factors [15]. Higher BNP/
NT-proBNP values have been reported in infants with the 
following characteristics: maternal type 1 diabetes, premature 
birth, intrauterine growth retardation, cesarean delivery after 
uterine contraction, twins, and mothers with prenatal stress 
conditions, etc. [34].

Serum NT-proBNP levels can be used to help distinguish 
between dyspnea due to respiratory failure and heart failure and 
have been found to increase with the severity of left ventricular 
(LV) dysfunction [35]. On average, plasma BNP/NT-proBNP 
concentrations are highest during the first 4 days of life and then 
decline rapidly during the first week with a slower, progressive 
decline during the first month of life [36]. High NT-proBNP 
and BNP values are observed in infants with hemodynamically 
significant patent ductus arteriosus (hsPDA) and other CHD, in 
patients with pulmonary hypertension [37], bronchopulmonary 
dysplasia [38], retinopathy [39], inflammation or sepsis [40], 
and in premature infants [41].

In our study, the number of patients born prematurely was 
22 (27.2%) (17 of these patients in the first 28 days, 5 patients 
among between 1 and 6 months and 7 of them died.

Among infants diagnosed with CHD, NT-proBNP has the 
highest value in Taussig BIG, followed by Ebstein's anomaly 
and AVSD. In our study, in patients marked as PDA, along with 
PDA, anomalies such as trunk vessel transposition, coarctation 
of the aorta, ASD, VSD, etc. were found. 12 of the patients 
were born on time ≥ 37 weeks, the other two were born at 36 
gestational weeks, and other heart defects were found along with 
PDA.

NT-proBNP levels <400 ng/l have a low probability of 
heart failure, with a negative predictive value of ~90%. However, 
with heart failure levels >450 ng/l, a positive predictive value of 
~90% is possible [42].

In the study conducted by Ayşe Sulu and her colleagues, 
unlike the studies conducted in adults, the benefit of using NT-
ProBNP levels in the diagnosis of heart disease in children 
could not be demonstrated. Therefore, randomized prospective 
studies are recommended to demonstrate the value of Pro-BNP 
in distinguishing cardiac disorders from non-cardiac diseases in 
children [43].

Walsh et al. found that preoperative N-terminal-pro-brain 
natriuretic was a predictor of mean PICU days, but they did 
not consider any other biochemical markers such as troponin 
or lactate. In a study conducted by Xiao-Jun Deng et al., blood 
lactate and NT-proBNP were shown to be suitable for use as a 
prognostic device for ventilatory support [44]. In our study, NT-
proBNP was checked in 47 (58%) MVs, and it was observed that 
the average ventilation was 4.5 ± 0.6 days.
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In our study, when we compared the blood lactate level 
indicators between the surviving and deceased patients, we 
found that the lactate level increased statistically significantly 
in the second group (Pf< 0.001; Pu 0.017). This result makes it 
suitable to use the blood lactate level as a predictor in critically 
patients with congenital heart anomalies. At the same time in 
our study, it was found that there is a correlation between NT-
proBNP values and lactate values.

Studies have shown that higher NT-proBNP values 
prolong ICU stay [45]. In our practice, the length of stay in the 
intensive care unit of patients whose blood NT-proBNP levels 
were controlled was 10.8 ± 0.9 days.

Our study did not reveal a statistically significant difference 
in blood NT-proBNP levels between the group of patients with 
fatal heart defects and those with surviving heart defects. On 
the one hand, this raises the question whether blood NT-proBNP 
levels can be a predictor of mortality in a group of critically 
patients with congenital anomalies, and requires randomized 
studies in a larger group of patients to have a final opinion in this 
group of critically patients. A striking result in our study is that 
the statistical deviation index in the group of patients who died 
was 2.8 times higher than the index in the group of patients who 
survived. This also shows that the blood NT-proBNP level in 
some patients in the group of dead patients is slightly elevated, 
which can be explained by the limited compensatory capacity in 
those patients in a critical situation. Thus, it is known that BNP 
is synthesized by cardiomyocytes due to increased pressure in 
the heart cavity. More than 16 patients who died in our study 
group had a critical decrease in arterial pressure during the initial 
examination, and these patients received inotropic support to 
normalize blood pressure.

Conclusion
In conclusion, we should state that in our study, blood 

NT-proBNP levels in critically ill infants with congenital heart 
anomalies were found to be approximately 10 times higher 
than in healthy infants (Pf < 0.001). However, the difference of 
this indicator between the group of patients who survived and 
the group of patients who died is not statistically significant 
and has a significant high deviation in the second group. This 
result requires larger-scale randomized studies to investigate 
the possibility of using NT-proBNP level in blood as a mortality 
indicator in critically ill infants with heart defects. On the 
other hand, in our study, it was confirmed that the blood lactate 
index increased statistically significantly in patients who died 
compared to the group of patients who survived. At the same 
time, a positive correlation was established between the blood 
lactate index and the blood NT-proBNP level.
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Abstract
Aim: The objective of this research was to assess mental disorders 

that frequently coexist with typical cancer diseases in what is referred to as 
comorbidity, which is crucial for addressing the mental well-being of cancer 
survivors. The research aims to determine the underlying factors for the failure 
of mental health-related quality of life and well-being among cancer survivors. 

Material and Method: The present qualitative study aims to understand 
the factors contributing to the prevailing mental health challenges among 
adult (16-68 years) cancer survivors through questionnaires and semi-
structured interviews. The Patient Health Questionnaire depression scale and 
the 7-item Generalized Anxiety Disorder questionnaire were used to gauge 
the severity of mental health symptoms. The Data from the National Cancer 
Registry and Regional Cancer Centers were all sources of information and 
reports used in the current study.

Results: The research indicates that Indian cancer patients and survivors 
faced challenges in accessing mental health services due to the stigma 
surrounding mental illness, the scarcity of mental health professionals, 
obstacles related to affordability and awareness, and lower incomes. This 
resulted in individuals being unable to afford necessary mental health 
evaluations: psychosocial issues – 53% to 70%, psychological discomfort – 45% 
to 73%, accessed mental health assessment – 9.1%, not able to access mental 
health assessment – 33.4%, not aware of mental health assessment – 19%.

Conclusion: There is no universally accepted set of coping mechanisms 
or cognitive and behavioral techniques that people may use to control their 
emotions and deal with stressful events. Given that people's reactions to 
stress are frequently complicated and multifaceted, several recent studies 
involving cancer patients and survivors have questioned the psychometric 
validity of the classification of coping techniques. Both cancer patients and 
survivors who adopted problem-focused strategies or maladaptive coping 
were reported with higher levels of symptom burden, anxiety, and depression. 
Acceptance, religion, and emotional support are the most common effective 
and implemented coping strategies among adult cancer survivors. 

Keywords: Cancer Survivors, Mental Health, mental Health Disorder, 
Stress, Depression, and Anxiety.
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Introduction
Due to the progress of modern medical technology 

and pharmaceutical drugs, the survival rates of cancer 
patients have consistently risen over four decades. 
An increasing number of cancer survivors deal with 
long-term challenges including maintaining a healthy 
lifestyle, family dynamics, and physical and emotional 
health. The two main things impeding cancer therapy 
and recovery, as well as survival and quality of life, are 
depression and anxiety.[1] Psychosocial requirements—

such as anxiety about a cancer recurrence, uncertainty 
about the future, support in managing stress, and 
changes in one's sexual orientation—remain the most 
mentioned unmet needs among cancer survivors. 
Poor mental health is the current leading cause of 
patient disability during and after treatment. Physical 
symptoms are typically more readily identified and 
assessed clinically, while psychosocial symptoms 
in end-of-life care are often overlooked. Lack of 
awareness, education, lower income, and early cancer 
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diagnosis in young patients are key risk factors for poor mental 
health-related quality of life and well-being in cancer survivors.
[2] Modern scientific research study demonstrates that prevalent 
oncological illnesses frequently coexist with cognitive problems, 
a phenomenon known as comorbidity. Anxiety and depression 
are often mental health problems that are closely associated 
with a patient's disability, the progression of their disease, the 
presence of pain, and the adverse effects of certain chemotherapy 
drugs. Despite the differences in course, stage, and outlook of 
oncological diseases and mental disorders, it is still true that 
oncological illnesses are more closely linked to depression and 
anxiety than any other type of illness.[3] In addition to mental 
illnesses, oncological conditions can exacerbate the condition by 
impairing adherence to recommended treatment plans.

Prevailing Mental Health Challenges Among 
Adult Cancer Survivors

Looking at the present cancer diagnosis scenario in India, 
the survival rates of cancer patients are visible at a minimal rate 
compared to developed countries. Although various studies have 
looked at the trajectories of mental health following therapy 
from 8 to 55 months after diagnosis, the first three years after 
treatment are a crucial time to track the mental health of cancer 
survivors. Numerous significant stresses related to the body, 
mind, social life, job, and finances accompany it, exacerbating 
symptoms of depression and anxiety [1, 2].

Figure 1 –  Common Distressing Symptoms among Cancer 
Survivors
Source: [3].

In the early post-treatment period, cancer survivors face 
a change in the focus of medical care from curing the disease 
to monitoring, healing, or wellness; they also face the dread 
of recurrence and the long-term, late consequences of therapy, 
which can include psychological and physical side effects [1, 
4]. Population-based cancer survival is the core indicator for 
assessing the effectiveness of cancer control by a healthcare 
system in a specific geographic area. At present 70% of cancer 
survivors experience psychosocial distressing symptoms that 
decrease the patient’s quality of life and wellbeing. Symptoms 
like Anxiety (45%), depression (54%), and mood disorder 
(37.5%) are common factors leading to mental health issues 
among cancer survivors [5, 6]. The heightened psychological 
distressing symptoms are due to a lack of clinical consultations 
and support follow-up treatment. Fear of Cancer Recurrence 
(FCR) and the potential risk of cancer relapse become the source 
of distressing symptoms that reduce patient Quality of Life 
(QoL) [3].

Figure 2 –  Cancer Survivor Statistics. Adapted from Population-
Based Cancer Registries (PBCRs) in India 

Source: [2, 6].

The study found depressive symptoms are more common 
and at a higher level (with more than 50%) among younger 
and more socially disadvantaged individuals. At present, 73% 
of cancer patients in India having depressive symptoms fail to 
undergo mental health treatment. Anxiety and depression in 
cancer survivors are associated with diagnostic and treatment 
delay, non-adherence to therapy, diminished efficacy of 
chemotherapy, increased symptom burden and diminished 
function, rising rates of suicide among survivors, greater burden 
on families, increased cost of care, and shortened survivor rates.
[7] It is also visible that psychological depressive symptoms and 
anxiety disorders are at higher rates among those experiencing 
breast cancer, cervical cancer, ovarian cancer, endometrial cancer, 
and testicular cancer survivors. Leaving these psychosocial 
depressive symptoms resulted in patients associating with risky 
behaviors and complicated psycho-emotional issues [6].

Figure 3 –  Complicating Psychosocial Concerns and Emotional 
Issues
Source: [7,8].

Across the cancer types, younger age is a risk factor for 
higher levels of poorer mental health outcomes and challenges 
compared to those receiving terminal ill diagnoses at older ages 
(50 and above). Risky drinking behaviors in cancer survivors are 
associated with a higher risk of cancer recurrence, development 
of new primary tumors, and increased mortality. Demoralization 
is the most common syndrome experienced by both cancer 
patients and survivors.[8] The prevalence of demoralization 
syndrome like feelings of hopelessness, helplessness, and 
loss of purpose ranges from 19.7% to 48.2%, including poor 
management of physical pain symptoms in Indian clinical 
practices. Higher levels of loneliness and meaninglessness were 
reported as common experiences among cancer survivors and 
had higher mortality risks.[3] Death anxiety is another common 
phenomenon and a natural, normal experience among cancer 
patients and survivors. 67% of patients with advanced cancer 
and survivors reported death anxiety experiences. Women 
cancer survivors have higher levels of death anxiety compared 
to male cancer survivors. Type of cancer, gender, and marital and 
financial status are identified as the contributing factors to death 
anxiety. Individual beliefs, attitudes, and sociocultural context 
are also visible as the significant contributor to death anxiety. [7] 
Fear of death results in a decreased awareness of intense neurotic 
fears related to losing oneself, and is accompanied by emotions 
of powerlessness, lack of autonomy, and absence of significance. 
Religious and cultural beliefs and confidence in oneself can help 
alleviate feelings of loneliness, insignificance, and mortality. 
Terror management theory (TMT) is the primary and most 
impactful theoretical perspective on fear of death. Dealing with 
one's mortality has also increased a personal sense of purpose 
and living in alignment with authentic personal aspirations and 
values [8].

Coping Strategies Towards Psychological 
Distressing Symptoms

The existing evidence for treating psychologically 
distressing symptoms among cancer patients and survivors 
is limited and of varying quality. The most significant tool in 
assessing psychological distressing syndrome among cancer 
patients and survivors is to identify the symptoms. Addressing 
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social stigma and clinical barriers has been reported as an effective 
symptom management technique.[9] Approach-focused and 
problem-solving coping strategies are found to be significantly 
effective in dealing with patients’ anxiety and depression-like 
self-blame, negative body image, social stigma fatalism, and 
lower positive reframing. Positive psychological attributes, 
adjudgment, and adaptive coping strategies like the optimistic 
aspects of cancer are also visible in enhancing the individual 
quality of life and positive aspects of cancer.[6] Religion and 
spiritual coping mechanisms not only reduce depression but also 
significantly influence post-treatment outcomes and survival 
rates. Integrating emotional focus against self-destruction 
among cancer survivors had higher levels of pain symptom 
management, building relationships, and functional status of 
quality of life.[7]

Self-management and self-administered stress 
management techniques instilled the ability to manage physical 
symptoms, psychosocial consequences, and lifestyle changes 
along the cancer continuum. Self-management and self-
administered intervention were evidence of improving patient 
outcomes during and after treatment, even in end-of-life 
assessment. However, these interventions required facilitation 
and resources for delivery.[10] Psychosocial adjustment/
adaptation acquires mastery and control over occurrences in life 
connected to cancer, resolves specific cancer-related difficulties, 
and regulates emotional suffering. Non-pharmacological 
interventions, which include a range of common elements like 
cognitive and behavioral coping strategies, cancer education/
information sessions, relaxation techniques, existential therapy, 
and group social support in both individual and group settings, 
are not the same as psychosocial interventions [11]. Individuals 
with cancer have a unique need, as the effect of cancer during 
and after the treatment interrupted lives with rapid emotional 
and psychological growth. Over thirty percent of cancer patients 
and survivors recognize the benefits of mindfulness-based stress 
management and acceptance and commitment therapy (ACT), a 
more recent type of cognitive behavioral therapy, in coping with 
stressful situations.

The efficacy of the coping strategies differs from individual 
to individual, yet the underlying focus is to deliver the quality 
of life, which is threatened and disrupted by terminal illness. 
Coping strategies are being adopted to pursue life goals, and deal 
with personal challenges that promote total recovery, and are 
emotionally intact. The existing challenges are mainly medical, 
physical, emotional, interpersonal, and spiritual components [9]. 

Figure 4 –  Coping Skills and Strategies
Source: [10, 11].

Problem- and emotion-focused coping techniques, such 
as accepting reality, self-esteem, and social-spiritual and 
emotional support, have been proven to be strongly linked to 
improving physical and mental health as well as quality of life 
in cancer survivors. Two-thirds of cancer patients experience 
psychologically uncomfortable symptoms, primarily anxiety 
and sadness. The patient's psychological distress hugely 
contributed to the impairment of individual physical capacity, 
and ability to adhere to therapy, decreasing quality of life and 

leading to mortality rates [12]. The arousals interfere with the 
daily of the patient by limiting their social activities, developing 
negative feelings and self-image, and minimizing the patient’s 
self-esteem. On the other hand, due to the lack of awareness 
and education among terminally ill patients in rural India, they 
are mostly unaware of the common warning signs leading 
to worsening the terminal condition. Another problem in the 
nation's healthcare procedures that significantly lowers patient 
quality of life and raises death rates is misdiagnosis of symptoms 
[10].

Psychological distressing symptoms require proper 
assessment as they can affect individual thought processes and 
make it harder to cope with the terminal ill diagnosis, its symptoms, 
and the aftermath treatment process among cancer survivors. A 
useful tool for measuring unpleasant experiences of a mental, 
physical, social, or spiritual nature is the National Comprehensive 
Cancer Network. Cancer patients' health-related quality of life 
is evaluated using the European Organization for Research 
and Treatment for Cancer Quality Assessment Questionnaire 
(EORTC QLQ-C30).[13] The EORTC QLQ-C305 includes 
three symptom scales (pain, fatigue, and nausea/vomiting), five 
functional scales (physical, social, emotional, cognitive, and role 
functioning), and an overall health and quality of life scale. It 
includes six single-item scales measuring dyspnea, insomnia, 
appetite, constipation, diarrhea, and financial difficulties, along 
with thirty 30-question questionnaires. Numerous international 
studies, each concentrating on a particular tumor site, have 
validated the EORTC QLQ-C30.[12] A self-report tool called the 
COPE (Coping Orientation to Problems Experienced) Inventory 
was created to evaluate a wide range of coping strategies. The 
fourteen subscales that make up the COPE include behavioral 
disengagement, denial, self-distraction, self-blaming, substance 
use, humor, positive reframing, religion, acceptance, emotional 
support, planning, active coping, instrumental support, and 
venting to let unpleasant feelings escape/expressing negative 
feelings [13]. 

Cancer patients' quality of life about their health is 
evaluated using the Functional Assessment of Cancer Therapy 
General (FACT-G) questionnaire. The 27-item survey measures 
the burden of symptoms and physical well-being of patients 
using a five-point answer scale, evaluated by the questionnaire 
containing: functional, emotional, social/family, and physical 
well-being. The ninety-odd-item CAYA-T (Cancer Assessment 
for Young Adults-Testicular) questionnaire covers the seven 
biopsychosocial domains: emotional functioning (fear, 
obsession with illness, anxiety, and depressive symptoms), social 
functioning, education and work, memory and concentration, 
and sexual relationships. The Epidemiologic Studies Center 
A 20-item self-report questionnaire on depressed symptoms 
is called the Depression Scale (CES-D) [14]. The Depression 
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Anxiety Stress Scales 21, which measures psychological 
discomfort in three multi-item domains—anxiety, depression, 
and stress/tension—is a condensed version of the 42-item 
Depression Anxiety Stress Scales (DASS) questionnaire. Self-
reported despair, self-deprecation, interest, anhedonia, inertia, 
and dysphoria were evaluated in the depression domain. The 
experience of anxiety and any associated bodily consequences 
were assessed in the anxiety domain. Measurements of agitation, 
irritation, impatience, and difficulties relaxing were made in the 
stress/tension domain [15, 14].

Both recently created and well-known distress screening 
instruments that have been verified in cancer patients are 
included in the current investigation. According to the study, 
distress is characterized as a depressive condition that may be 
indicative of adjustment, anxiety, or affective disorders. The 
unique type of adaptation that normal people experience in 
response to exceptionally stressful situations is called coping. 
Coping is the dynamic process by which an individual adjusts 
their cognitive and behavioral strategies to meet demands that 
are particularly difficult and likely beyond their current abilities 
and resources.[16] The three primary components of the coping 
process are the stressor, or the source of the stress, cognitive 
assessment, and coping methods. Many conventional coping 
techniques have been divided into primary and secondary control 
coping, problem-versus-emotion-focused, functional-versus-
dysfunctional, approach-versus-avoidance, and engagement-
versus-disengagement. The most well-known and often applied 
technique in the research of coping is the division of coping 
actions into problem- and emotion-focused categories [17]. 

The secondary Control Coping technique involves 
increasing an individual’s coping based on the current situation 
and the use of adaptive coping strategies is a significant predictor 
of decreased emotional distress. In post-cancer diagnosis, 
secondary control strategies techniques of acceptance and 
cognitive appraisal help in minimizing anxiety and depressive 
symptoms. Mostly among adult cancer survivors the use of 
secondary control coping strategies helped to mediate negative 
thoughts about cancer treatment, promoted a higher concordance 
to medical regimens, and assisted in the management of stress. In 
common experiences, cancer survivors felt that their diagnosis 
had a greater impact on their psychological distress than did their 
demographic or clinical characteristics [14]. Coping strategies 
explained 38% of the variance in psychological distress, whereas 
demographic factors, such as gender, relationship status, and 
late medical effects, accounted for only 12%. Similarly, using a 
multiple regression analysis, social support and coping strategies 
explained about 30% of the psychosocial distress outcome 
model [8, 9]. The study shows that cancer patients from rural 
backgrounds had higher coping scores than urban patients, which 
was statistically significant. On the other hand, the male cancer 
population has a higher level of coping strategies compared with 
females. The finding also shows that patients of joined-family 
age have higher coping abilities compared to single or nuclear 
families [15]. 

Discussion
As more and more modern scientific medical success 

stories transform cancer into a treatable illness that can be 
effectively managed, the number of cancer survivors rises, and 
by 2030, that number is expected to reach roughly 75 million. 
In developing nations, between 30% and 65% of all cancer 
patients are long-term survivors due to cancer screening and 
early detection. Nonetheless, the survivorship experience also 
influences the survivor's experiences as family members, friends, 

and caregivers while they are coping with and beyond cancer 
[6]. The present models of terminal ill assessment in India have 
failed to acknowledge the existing psychologically distressing 
symptoms as the treatment focus is largely on cure, disease failure, 
and survival rates. The majority of the clinicians (oncologists 
and nurses) have little formal training in the survivorship care 
plan and addressing the psychological non-pain symptoms. The 
patients on the other hand are not comfortable sharing their 
psychosocial-emotional distressing symptoms to their clinicians 
[9]. Poor identification of psychologically distressing symptoms 
both by patients and clinicians becomes the underlying barrier 
to not engaging with psychological assessment in Indian clinical 
practices. 

Socio-cultural stigma is another significant barrier for 
patients to avoid psychological support or refuse referral if 
offered, and preference for managing their emotional and 
psychological difficulties on their own. The results of the 
current study indicate that cancer survivors generally had 
higher hospitalization rates, poor self-rated health, depressive 
symptoms, functional limitations, and sleep issues. Because 
urban residents have better access to healthcare, including 
cancer screening and treatment, which increases survival rates, 
cancers linked to lifestyle factors are more common in higher 
socioeconomic groups and urban areas. A person's experience 
of psychosocial distress among cancer survivors varies based 
on their culture and how they view their illness. In addition 
to anxiety and depression, there is a higher chance of suicidal 
behavior, which can cause intense emotional suffering and 
mental discord that can hurt an individual's quality of life in 
several ways. Only 9.1% of the long-term cancer survivors 
accessed proper mental health support, while 33.4% reported 
being unable to afford professional mental health services due 
to socio-economic conditions [17]. Sadly, 19% of the cancer 
survivors were not aware of the existing mental services, mainly 
in rural India. Indigenous tribal communities experience poor 
access to both health care systems and mental health services. 
Sleep disturbance, fatigue, loss of appetite, and fear of cancer 
recurrence (45.5%) were also seen as contributing factors for 
mental health issues among cancer survivors. Social anxiety, 
change in personal and social relationships after cancer diagnosis, 
and its treatment procedure were also observed as the common 
contributing factors mainly in rural India. Another 19.2% of the 
cancer survivors were seen experiencing Post-Traumatic Stress 
Disorder (PTSD) [16]. 

The cognitive and social functioning are significantly 
different between the general population and cancer-affected 
survivors. Apart from its physical and mental negative health 
outcomes, individuals have experienced limited social 
functioning resulting in relying less on their social network for 
support. Compared with the general population, adult cancer 
survivors reported greater severity of anxiety and depression 
symptoms than those without a history of cancer. Cancer 
survivorship can live a normal life for 50 to 60 years, in which 
one-third of the population failed to access regular follow-up 
cancer care and regular symptom screening with validated tools 
resulting in living with high prevailing depressive symptoms [10, 
11]. Individuals who had financial difficulties and stigmatization 
were more likely to have higher levels of worry, stress, and 
sadness. Patients who used problem-focused or maladaptive 
coping methods were shown to have greater levels of symptoms 
in most cases. Conversely, patients who utilized emotion-
focused coping strategies showed lower levels of anxiety, 
sadness, hazardous undesired behaviors, and fear of cancer 
recurrence. To deal with stress and uncomfortable symptoms, 
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cancer survivors who use unhealthy coping mechanisms are 
strongly linked to receiving direct psychological help as well 
as encouragement to utilize alternative, approach- or emotion-
focused coping mechanisms.

Limitations and Strengths of the Study
The present study results have certain limitations and 

strengths. 
•	 Since the study was a cross-sectional study, the temporal 

relationship between cause and effect could not be ascertained.
•	 Some measurement tools used were self-rating 

questionnaires. This may have led to some bias.
•	 It provides insights for healthcare professionals and 

policymakers to better understand and cater to the mental health 
needs of this population. 

•	 Long-term survivors often experience depression, 
anxiety, stress, and body image concerns. Follow-up management 
strategies for cancer survivors should involve assessing and 
treating psychological distress, as well as addressing body image 
issues and social prejudice in patients having mastectomies. 
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Abstract
Introduction: Ankle osteoarthritis is a prevalent condition that 

significantly impacts patient mobility and quality of life. Surgical interventions, 
such as arthroscopic debridement and arthrodesis, are commonly employed to 
alleviate symptoms and restore function. However, the optimal choice between 
these procedures remains a subject of debate.

Objective: This retrospective study aims to evaluate the clinical and 
epidemiologic data of patients with ankle osteoarthritis treated at the hospital. 
We compared the outcomes of arthroscopic debridement and arthrodesis, 
focusing on pain relief and functional improvements based on the severity of 
osteoarthritis.

Design: Cross-sectional, retrospective case series.
Results: Group I had a significantly younger median age (41 years) 

compared to Group II (59 years, p = 0.0021). Group II also presented a higher 
mean BMI (26.2 vs. 23.9; p = 0.0391). Preoperatively, Group I demonstrated a 
mean VAS score of 4.63, improving to 1.52 postoperatively (p = 0.0000) and 3.63 
after 12 months (p = 0.0003). In Group II, the VAS score improved from 6.92 to 
3.85 postoperatively (p = 0.0000), but increased to 5.08 after 12 months (p = 
0.0001). Functional outcomes as measured by the AOFAS score significantly 
improved in both groups, although Group I showed better long-term functional 
outcomes.

Conclusion: Arthroscopic debridement provided better short-term 
functional improvement and pain relief, particularly in younger patients with 
early-stage osteoarthritis. Arthrodesis, while effective for advanced disease, was 
associated with a higher risk of recurrent pain and reduced functionality over 
time. The choice of treatment should be individualized, considering patient 
age, BMI, arthritis severity, and comorbidities.

Keywords: Ankle Joint, Retrospective Studies, Osteoarthritis, Arthrodesis, 
Arthroscopy.
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Introduction
Arthritis is one of the most common chronic 

diseases and takes a leading role as a cause of disability 
among adults [1]. Globally, around 15% of people 
experience joint pain and disability due to osteoarthritis, 

with approximately 1-4% specifically suffering from 
ankle osteoarthritis [2]. Ankle joint problems are quite 
common but still have received lack of attention. Post-
traumatic arthritis (PTA) of the ankle joint is the most 
frequent, accounting for 80% of cases, compared to other 

J Clin Med Kaz 2024; 21(6): 54–58
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major joints of the lower extremities, such as the knee (10%) and 
hip (2%) [3]. PTA occurs at a younger age (about 10 years earlier 
than primary osteoarthritis), which leads to increased disability 
of the able-bodied population and creates additional difficulties 
for the choice of treatment method for patients [4]. Moreover, 
it is also important to consider the substantial financial burden 
associated with the necessary of therapy. Nowadays, the existing 
methods of treatment are symptomatic and do not provide 
restoration of the joint. The applied surgical treatment methods 
are aimed only at debridement of the joint without restoration of 
cartilage tissue. For the treatment of osteochondral defects of the 
ankle joint, methods aimed at stimulating cartilage regeneration 
in the damaged joint such as multiple microperforations of 
the articular surface, mosaic chondroplasty, abrasion and 
microfracturing are used. One example is microfracturing, 
which involves drilling through bone to release fat and blood 
while simultaneously releasing resident reparative bone marrow 
cells to create cartilage. Other alternatives include autologous 
bone and cartilage transplantation (AOT) or methods involving 
joint distraction. Each of these treatments is based on the use 
of endogenous cells to remodel the surrounding area. However, 
clinical practice has shown that they cannot provide complete 
and sustained restoration of articular hyaline cartilage and 
often result in fibrotic cartilage formation, ultimately leading 
to treatment ineffectiveness [5]. The current treatment with 
the best clinical outcome is ankle arthrodesis, which is usually 
provided at age 68 years, approximately 16 years after disease 
onset. But at the same time there are some disadvantages of this 
method: loss of joint mobility, change in gait, increased stress 
on adjacent joints, failure to fuse or delayed fusion, risk of 
infection, hardware complications, long recovery period, poor 
pain relief. Total endoprosthetics (total joint replacement) is 
another surgical treatment option that provides a higher degree 
of patient satisfaction. Ankle endoprosthetics can be complicated 
by the development of infection, instability, or periprosthetic 
fractures. Due to the high wear rate of the prosthesis, revision 
endoprosthetics is necessary every 7 years [6]. In addition, this 
operation is expensive and the number of endoprostheses in 
Kazakhstan is limited. In view of the above, the development of 
etiotropic, safe and long-term regenerative method of treatment 
of osteoarthritis of the ankle joint is in demand.

The aim of the study was to evaluate the differential 
treatment of patients with degenerative ankle joint disease 
depending on the stage of osteoarthritis.

Materials and methods
This study was conducted with patients' informed consent 

and according to a protocol approved by the local institutional 
review board, adhering to the ethical standards outlined in the 
1964 Declaration of Helsinki. We collected 40 patients who 
underwent surgical treatment regarding pain of ankle joint in 
National scientific center of traumatology and orthopedics 
named after academician N. D. Batpenov (Astana, Kazakhstan). 
Surgical procedures were determined based on the severity of 
ankle joint osteoarthritis, patient complaints, age, and concurrent 
medical conditions. Exclusion criteria: acute trauma, lower limb 
axial deformities, limb shortening, and patients with psychiatric 
disorders. 

Radiography was performed for all patients to assess joint 
space narrowing, presence of osteophytes, and subchondral 
bone sclerosis and to determine the stage of osteoarthritis 
(Figures 1). MRI was utilized to detect subchondral cysts, tissue 
inflammation and edema around the joint, and evaluate blood 
supply (Figures 2).

All 40 patients were divided into two groups based on the 
type of surgical treatment they received. Group I, consisting of 
27 patients, underwent arthroscopic debridement, while Group 
II, comprising 13 patients, underwent ankle arthrodesis using 
screws and plates. Arthroscopic vaporization of the capsule-
ligamentous structures of the ankle joint was the most frequently 
performed operation in these cases. In addition to vaporization 
of capsule-ligamentous structures, arthroscopic decompression 
and debridement were also performed for anterior and posterior 
impingement of the ankle joint. This method of surgical 
intervention in the treatment of degenerative joint disease 
reflects the trend toward minimally invasive surgical treatment 
methods in the early stages of osteoarthritis, which can 
prevent the progression of cruzarthrosis. Ankle arthrodesis is a 
method of tibial and talus fusion that has been most commonly 
performed in patients with 3-4 stage of osteoarthritis. Athrodesis 
completely blocks movements in the ankle joint, but at the same 
time it releave pain syndrome.

The clinical efficacy of surgical treatment was evaluated by 
the regression of pain syndrome and improvement of ankle joint 
function. Ankle joint function was assessed using the American 
Orthopaedic Foot and Ankle Society (AOFAS) scale, and pain 
syndrome was assessed using the VAS pain rating scale.

Statistical analysis
All statistical analyses were conducted using Stata software 

(version 18), StataCorp, College Station, TX, USA). Statistical 
significance was set at p < 0.05 for all tests. Quantitative measures 
were assessed for conformity to a normal distribution using the 
Shapiro-Wilk criterion. Continuous variables, including the 

Figure 1 –  X-Ray Scan of the patient’s 2 left ankle joint with grade 
IV osteoarthritis in frontal (A) and sagital (B) side

Figure 2 – MRI of the patient’s 4 right ankle with osteochondral 
defect of the talus bone (white arrow), frontal (A) and sagital (B) 
side
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Visual Analog Scale (VAS), the American Orthopaedic Foot and 
Ankle Society (AOFAS) score, gait abnormality, and range of 
motion, were expressed as mean ± standard deviation (SD)with 
the corresponding range.

Paired t-tests were employed to compare preoperative and 
postoperative values within each treatment group (arthroscopic 
debridement or arthrodesis) at different time points (preoperative, 
postoperative, 6 months, and 12 months). Statistical significance 
between these time points was determined by calculating 
p-values, with significance set at p < 0.05. For comparing 
the outcomes between the two independent treatment groups 
(arthroscopic debridement and arthrodesis), independent t-tests 
were used. In cases where the normality assumption was not 
met, the Mann-Whitney U-test was applied as a non-parametric 
alternative to assess differences between groups.

Results 
A total of 40 patients were included in the study, divided 

into two groups based on the surgical treatment they received. 
Evaluation criteria included age, gender, weight, BMI, side of 
lesion, stage of osteoarthritis, and presence of comorbidities. 
The demographic and clinical characteristics of the patients 
were compared between the groups (Table 1).

Patients in Group II were significantly older, with a median 
age of 59 years (range 46–64), compared to 41 years (range 
31–47) in Group I (p = 0.0021). There were no statistically 
significant differences in gender distribution, with males 
representing 67% in Group I and 46% in Group II (p = 0.3704). 
Group II had a significantly higher mean BMI (26.2 vs. 23.9; p 
= 0.0391). In terms of arthritis staging, the majority of Group 
I patients had early-stage arthritis (I and II), while Group II 
predominantly consisted of patients with more advanced arthritis 
(IIIb and IV). Comorbidities were present more frequently in 
Group II, including diabetes mellitus, rheumatoid arthritis, and 
cardiovascular conditions.

Figure 3 – Comparative analysis of pain level changes in patients 
of both groups

Figure 4 – Comparative analysis of ankle joint function changes 
in patients of both groups

Table 1 Demographic and clinical data of patients

Indicator Group I
Arthroscopic 
debridement

Group II
Arthrodesis 

p-value

Total n = 27 n = 13
Age 41 (31,5-47,5) 59 (46-64) p = 0.0021
Gender
Male
Female

18 (66,7 %)
9 (33,6 %)

6 (46,2 %)
7 (53,8 %)

p = 0.3704

Weight 70 (61,5-75,5) 75 (70-84) p = 0.0773
Body mass index 
(BMI)

23,9 (22,6-25,15) 26.2 (24,6-27,6) p = 0.0391

Side
Right
Left

13 (48,1 %)
14 (51,9 %)

9 (69,2 %)
4 (30,8 %)

Stage of arthritis
I
II
IIIa
IIIb
IV

19 (70,4 %)
8 (29,6 %)

-
-
1 (7,7 %)
5 (38,5 %)
7 (53,8 %)

Comorbidities
No
Diabetes 
mellitus 
Rheumatoid 
arthritis
Cardiovascular
Other
More than 2

19
-
-
4
3
1

5
2
3
1
-
2

Functional Outcomes
Pre-operatively, In Group I the mean VAS score was 

4.63 ± 0.63, which improved to 1.52 ± 0.51 post-operatively 
(p = 0.0000) (Table2, Figure 3). After 6 months, the VAS score 
was maintained at 1.70 ± 0.47, and after 12 months, a slight 
increase to 3.63 ± 0.56 was noted, though this still represented a 
significant improvement from baseline (p = 0.0003).

Group I Group II
VAS (Mean ± SD, Range ) AOFAS (Mean ± SD, Range ) VAS (Mean ± SD, Range 

)
AOFAS (Mean ± SD, Range )

Pre-operative 4.63 ± 0.63 (4-6) 84.1 ± 1.58 (83-85) 6.92 ± 0.76 (6-8) 43.2 ± 8.88 (25-56)
Post-operative 1.52 ± 0.51 (1-2) 93.4 ± 3.00 (92-95) 3.85 ± 0.69 (3-5) 56.16 ± 7.47 (38-65)
p-value 0.0000 0.0000 0.0000 0.0000
After 6 months 1.70 ± 0.47 (1-2) 81.3 ± 4.78 (79-83) 4.15 ± 1.07 (2-6) 58 ± 8.82 (42-73)
p-value 0.0000 0.0018 0.0000 0.0000
After 12 months 3.63 ± 0.56 (3-4) 79.6 ± 4.72 (77-81) 5.08 ± 1.19 (3-7) 52.38 ± 7.15 (40-60)
p-value 0.0003 0.0000 0.0001 0.0000

Table 2 Pre- and post-operative functional scores

The AOFAS score improved from a pre-operative mean of 
84.1 ± 1.58 (range: 83-85) to 93.4 ± 3.00 post-operatively (p = 
0.0000) (Figure 4). At the 6-month follow-up, the AOFAS score 
decreased slightly to 81.3 ± 4.78 but remained significantly better 
than the pre-operative score (p = 0.0018). After 12 months, the 
score further declined to 79.6 ± 4.72 (p = 0.0000).
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In Group II, the mean pre-operative VAS score was 6.92 
± 0.76, which decreased to 3.85 ± 0.69 post-operatively (p = 
0.0000). However, after 6 months, the VAS score increased 
to 4.15 ± 1.07, and by 12 months, it reached 5.08 ± 1.19 (p = 
0.0001).

The AOFAS score in Group II also demonstrated 
improvement, from a pre-operative mean of 43.2 ± 8.88 to 56.16 
± 7.47 post-operatively (p = 0.0000). At the 6-month mark, the 
score increased to 58 ± 8.82 and remained stable at 52.38 ± 7.15 
after 12 months (p = 0.0000).

Discussion
The literature provides a rather large list of indications 

for ankle arthroscopy [7]. In addition to free intraarticular 
bodies, osteochondral fractures, rheumatoid polyarthritis, and 
anterior impingement syndrome, arthroscopic interventions 
on the ankle joint are often used for ligamentous apparatus 
pathology and infectious arthritis as sanitizing measures. The 
list of indications is still expanding, and the number of ankle 
arthroscopies performed is increasing due to development 
of surgical techniques. The data obtained from other sources 
indicate that treatment of patients with osteochondropathy of 
the talus, anterior impingement syndrome, synovitis allow us 
to recommend ankle arthroscopy as the operation of choice for 
this pathology, thanks to which minimally invasive and highly 
effective treatment of this category of patients can be performed 
[8]. In patients with ankle osteoarthritis, the prognosis depends 
on such factors as the degree and size of cartilage damage 
and the presence of adjacent joint pathologies. According 
to the data of our study, the majority of patients in the early 
postoperative period showed pain reduction and improvement 
of joint mobility. However, within 12 months, almost all patients 
experienced a recurrence of pain and a decrease in ankle joint 
function to the preoperative level. Data on complications vary 
widely in the literature, with neurologic, vascular, and infectious 
complications reported. Researchers have noted a higher risk 
of neurologic complications with ankle arthroscopy compared 
with knee and shoulder procedures. For example, Sprague N.F. 
reports 24% complications [9], while Small N.C. reports only 
0.7% [10]. These data, as well as our own experience, emphasize 
the need for careful surgical preparation, careful handling during 
procedures, and careful patient education about the potential risks 
and complications associated with arthroscopic interventions.

Ankle arthrodesis remains the "gold standard" in the 
treatment of late-stage osteoarthritis [11]. However, the patient's 
ankle joint function is limited, which causes a compensatory 
increase in the range of motion of the adjacent joints of the foot, 
leads to overloading and possible degenerative changes in joints 
such as the subtalar and talus and calcaneo-cuboid joints later on 
[12]. In addition, there are observations that the movement of the 
small joints of the healthy foot mimics the affected side so that 
the patient develops a symmetrical altered gait on both sides. 
As a result, a number of patients develop symmetrical limb 
pathology after arthrodesis [13]. Some patients require repeat 
arthrodesis after intervention [14], moreover stress fractures 
of the tibia and fibula may occur [15]. In avascular necrosis 
of the talus, there is insufficient blood supply, and long-term 
use of various medications and systemic disorders in patients 
with rheumatoid arthritis increase the risk of arthrodesis failure 
[16]. Adequate compression is a prerequisite for successful 
arthrodesis [17, 18]. The clinical results with endoprosthesis, 
arthrodesis and arthroscopy were similar. However, patients 
with endoprosthesis were significantly more likely to have 
reoperations [19]. According to other data, endoprosthesis and 
arthrodesis were equally effective in osteoarthritis [20].

Retrospective analysis of data on surgical treatment of 
ankle osteoarthritis revealed differences in outcomes between 
the two main methods of intervention: arthroscopic debridement 
and ankle arthrodesis. Of the 40 patients included in the study, 
67.5% underwent arthroscopic debridement, while 32.5% 
underwent arthrodesis. The arthroscopic debridement group 
was predominantly male (66.7%) and the age of the patients 
was younger. The cause of osteoarthritis in this group was most 
often trauma. In the arthrodesis group, women accounted for 
53.8%. These patients tended to present with a later degree of 
osteoarthritis, often having comorbidities, and their age was 
significantly older. Arthroscopic debridement has shown good 
results in the short term, especially in patients with early stages of 
osteoarthritis. This method is characterized by less invasiveness 
and faster recovery. The arthrodesis group, which had more 
advanced disease, demonstrated significant post-operative 
benefits. The increase in pain syndrome in the arthrodesis group 
is evidently associated with the increased load on the adjacent 
joints of the foot.

A key finding of our study is the significant difference in 
patient demographics between the two groups. Patients in the 
arthrodesis group were older and had a higher body mass index 
(BMI), which could have influenced the clinical outcomes. 
Additionally, the prevalence of comorbidities was higher in 
the arthrodesis group, particularly cardiovascular diseases and 
diabetes mellitus, which may have impacted their recovery 
and rehabilitation. These factors underscore the importance of 
individualized treatment plans based on patient characteristics, 
comorbidities, and disease severity.

The differences in outcomes between the two groups 
are consistent with previous studies that have shown that 
arthroscopic debridement is more suitable for patients with 
early-stage osteoarthritis, while arthrodesis is more appropriate 
for patients with severe joint destruction. However, it is 
important to note that the retrospective nature of our study and 
the relatively small sample size limit the generalizability of our 
findings. Future prospective studies with larger sample sizes and 
longer follow-up periods are needed to confirm these results and 
to further refine treatment criteria.

Our study also highlights the need for a multidisciplinary 
approach in the management of ankle osteoarthritis. In addition 
to surgical interventions, conservative measures such as weight 
management, physical therapy, and pharmacological treatments 
should be considered, especially for patients with multiple 
comorbidities. Moreover, the development of innovative surgical 
techniques and biologic treatments aimed at cartilage restoration 
may offer promising alternatives to traditional procedures in the 
future.

Conclusion
It is important to emphasize that early intervention to 

prevent the progression of osteoarthritis is the most important 
aspect of the treatment of this disease. This implies a deep 
understanding of the mechanisms of osteoarthritis development 
and the development of new, more effective methods of 
prevention and treatment. Further prospective studies with a 
large number of participants are needed to confirm our findings 
and to determine the optimal criteria for selecting treatment 
approaches.

The introduction of preventive measures and innovative 
strategies can significantly improve the prognosis and quality 
of life of patients with ankle osteoarthritis. These findings 
emphasize the importance of early intervention and the use of 
innovative methods in the treatment of osteoarthritis, which may 
stimulate additional research in this area.
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Introduction
Hypertensive disorders commonly complicate 

pregnancies worldwide [1–4]. It is found in 5-10% of 
pregnancies worldwide and contributes a significant 
proportion to both maternal and perinatal morbidity and 
mortality [4–6]. 

It has been argued to be the commonest medical 
disorder seen in 

pregnancy [1]. Therefore, it is characterized by 
elevated systolic or diastolic blood pressure recorded 
at least twice 4-6 hours apart in pregnancy [1, 2] 
With subtle variations, most international societies/
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Abstract
Background: Preeclampsia is currently defined as multisystem progressive 

disorder characterized by the new onset of hypertension and proteinuria or 
the new onset of hypertension and significant end-organ dysfunction with or 
without proteinuria, typically presenting in the second half of pregnancy (after 
twenty weeks) or postpartum in a previously normotensive woman without 
proteinuria and resolves within six weeks postpartum 

Despite numerous theories, the aetiology of preeclampsia has not been 
fully elucidated. It is postulated that the rise in blood pressure is a manifestation 
of more than one patho-physiological condition. One of these conditions is 
related to abnormal renal function and probably impairment of urinary calcium 
excretion. 

Objective: This study compared urinary calcium levels in women diagnosed 
with pre-eclampsia and normotensive pregnant women at the Lagos University 
Teaching Hospital, Lagos, Nigeria. 

Methods: This was an analytical cross-sectional study that enrolled 100 
preeclamptic pregnant women and their matched normotensive counterparts 
carried out at the antenatal clinic and the labour ward of the Lagos University 
Teaching Hospital. The urinary calcium level was analysed with spot urine using 
Orthocresolphthaleincomplexone (CPC) method (Fortress Diagnostics Limited 
United Kingdom, Product code BXC0291A). 

Results: The mean urinary calcium levels in women with preeclampsia 
(2.44±1.45mmol/L) was significantly lower than that of normotensive pregnant 
women (4.43±1.84mmol/L) (p < 0.001). However, there was no significant 
difference in the mean urinary calcium levels in participants with mild 
preeclampsia (2.49±1.54mmol/l) compared to those with severe preeclampsia 
(2.42±1.42mmol/L), (p = 1.000). Conclusion: The study revealed a significantly 
lower level of urinary calcium in women with preeclampsia compared with that 
of their healthy normotensive counterparts. However, the study did not reveal 
any significant difference in the urinary calcium level in participants with mild 
and severe preeclampsia.
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guidelinesclassify hypertension during pregnancy as chronic 
hypertension, gestational hypertension, pre-eclampsia and 
eclampsia [7–9]. Just as important, preeclampsia is a multi-
systemic disease with poorly understood aetiology. Its prominent 
features include a rise in blood pressure (BP) of greater than or 
equal to 140/90 mmHg with evidence of significant proteinuria 
in the second half of pregnancy in a previously normotensive 
pregnant woman without prior history of proteinuria [1, 2]. 
However, contrary to popular belief, recent evidence has shown 
that the diagnosis of preeclampsia can be made when there is 
hypertension with associated end-organ damage irrespective of 
the woman’s proteinuric status [1, 7–10].

Even more important, pre-eclampsia has consistently 
remained one of the major causes of maternal and perinatal 
mortality and morbidity in both technologically advanced and 
developing nations [11–13]. In Nigeria, it has a prevalence of 5.5-
7.6% and in terms of maternal mortality it has been speculated 
to be among the first three causesaccounting for about 30% of 
all maternal deaths [13–16]. There is a five-fold increase in 
perinatal mortality in pre-eclampsia with iatrogenic prematurity 
being the main culprit [17-19]. For this reason, it is believed that 
approximately 70,000 women per annum and more than 500,000 
of their fetuses and newborns die as a result of preeclampsia or it’s 
complications. This is a significant proportion and is equivalent 
to the loss of 1600 lives per day [10, 20, 21]. Expectedly, greater 
than 99% of these preventable deaths occur in maternities spread 
across low- and middle-income countries, especially South-east 
Asia and sub-Saharan Africa [1, 11, 18, 19, 22].

The aetiology of pre-eclampsia as of today is still largely 
unknown and is still been explored. That is why many authors 
has postulated that the elevated BP, may be a manifestation 
of several pathophysiological conditions [2, 23, 24]. Some of 
these conditions include abnormal renal function, changes in 
the metabolism of certain ions such as calcium, and probably 
impairment of urinary calcium excretion [20, 25, 26]. The 
widely accepted patho-physiology is that of dysfunction in the 
endothelium [3]. This widespread endothelial dysfunction is 
believed to be as early as 8th weeks of gestation. However, the 
manifestation of the disease may appear in the late second or 
early third trimester weeks after the patho-physiological process 
had started [20, 21, 27, 28].

Additionally, it is well known that intracellular calcium 
regulation plays a vital role in hypertension and literature 
abounds on studies of blood calcium levels during pregnancy 
with significant variations in total and mean serum calcium 
levels as pregnancy progresses [5, 6, 20, 29–32]. Conversely, not 
so much robust literature exists especially from a homogenous 
pregnant population of black women on the possible relationship 
between urinary calcium levels and preeclampsia. This study, 
therefore, compared the levels of urinary calcium excreted in 
preeclamptics to that of normotensive pregnant women in Lagos, 
Southwest Nigeria.

Materials and methods
Setting
It was an analytical cross-sectional study done at the 

outpatient antenatal clinic and the delivery suite Lagos University 
Teaching Hospital (LUTH), Lagos, Nigeria. LUTH, located on 
the mainland of Lagos.

Study population
A total of 200 eligible pregnant women were recruited for 

the study between January 2021 and August 2021. They were 
accessed for inclusion criteria which include pregnant women 

with singleton pregnancy at 20 weeks’ gestation and above with 
preeclampsia (cases) and their matched normotensive pregnant 
counterparts (comparators) who gave written informed consent. 
Those with a history of chronic medical or surgical conditions 
like hypertension, diabetes mellitus, renal failure, heart disease, 
chronic hypertension, urolithiasis, thyroidectomy, women 
with twin or high order multiples, those on over the counter 
medication containing calcium or those already prescribed 
calcium supplementation were excluded from this cross sectional 
study. The study population consisted of two groups matched 
for maternal age and gestational age. After obtaining a written 
informed consent, a unique identification number was assigned 
to each participant. 

Sample size estimation
Using the findings from the study by Taufield et al, a 

minimum sample size of 100 participants was required in each 
group based on an intergroup mean difference of 40mg/ml to 
achieve a power of 80%, a type I error rate of 5% and a non-
response rate of 20%.

Study procedures
Women who consented to be enrolled into the study were 

recruited. They include all pre-diagnosed women who met the 
inclusion criteria their age and gestational age matched healthy, 
normotensive counterparts as the comparator.

Group
An interviewer-administered questionnaire was used to 

obtain participants’ information. Blood pressures were measured 
by the midwives using mercury sphygmomanometer according 
to standard protocols. Thereafter, ten milliliters of clean catch, 
mid-stream urine or catheter urine specimen (if catheterized) 
was collected from the participants into a clean universal bottle 
and the urine was tested for protein using urine dipstick. Based 
on the blood pressure, result of the urine dipstick and associated 
symptoms/signs, the participants were grouped into the study or 
comparative group and the remaining urine sample was labeled 
and sent immediately to LUTH Central Research Laboratory for 
storage and subsequent urinary calcium estimation. 

Laboratory Method
The urine samples were aliquoted and transferred into 

cryogenic vials then stored in cryogenic box at ultra-low 
temperature of -80OC until laboratory analysis. The reagents 
with product code BXC0291A, LOT 202220, manufactured 
date 2020/11 and expiry date 2022/09 were all supplied ready to 
use by the manufacturer, Fortress Diagnostics Limited, United 
Kingdom. The reagents were stable until the expiry date stated 
by the manufacturer. A working reagent was prepared by mixing 
equal volumes of the buffer and chromagen and this mix was 
stable for 3 days at room temperature up to 25oC, or 7 days 
at 2-8oC. The urine samples were then diluted using 100µl of 
samples and 100µl of normal saline. The standard solution was 
prepared by mixing 25µl of the standard solution with 1000µl 
of the working reagent. The reagent blank was also prepared 
by mixing 25µl of distilled water with 1000µl of the working 
reagent. 25µl of the diluted urine samples was then added 
to 1000µl of the working reagent. This was mixed and the 
absorbance was then read against the prepared reagent blank 
after 5 to 50 minutes at a wavelength of 578nm and temperature 
20-25oC. 
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The calcium concentration was calculated as shown below:

Calcium concentration= (                              ) x standard 
concentration

absorbance of sample
absorbance of standard

The kit’s inter-assay imprecisions were 4.4% and 4.1% 
for the low control (2.20mmol/l) and high control (3.40mmol/l). 
The intra-assay coefficients of variation were 3.5% and 2.8% 
respectively for the low and high control levels, respectively. 
The low calcium detection limit of the assay was 0.12mmol/l 
and no limit to the highest detectable level was stated by the 
manufacturers.

Statistical analysis
Data was entered into an excel spreadsheet initially, it was 

later imported and analyzed using statistical package for the 
social sciences version 29; (SPSS) Armonk, NY: IBM Corp. 
The categorical variables were presented as percentage and 
frequency tables. With regards to continuous variables, test of 
normality was also done Kolmogorov-Smirnov test. Those that 
were normally distributed were presented as mean (± standard 
deviation), while others presented as median and interquartile 
range. The student’s independent t- test was used to compare 
mean of normally distributed continuous variables, while Mann 
Whitney U test was used to compare the median of non-normally 
distributed variables between the preeclamptic and normotensive 
participants. One Way Analysis of Variance (ANOVA) and the 
Kruskal Wallis test were used to assess the differences in the 
mean and median urinary calcium levels respectively across the 
study groups of normotensives, mild and severe preeclamptic 
participants. Furthermore, a Post hoc Bonferroni test was done 
to determine the pairwise difference between severity of pre-
eclampsia. A two-tailed test of hypothesis was assumed, and the 
level of statistical significance was set at p < 0.05.

Ethical Consideration
The ethical principle of Helsinki was obeyed throughout 

the study. The approval of this study was given by the Health 
Research Ethics Committee in our facility. The approval number 
is ADM/DCST/HREC/APP/3518.

Results
All in all, two hundred women will enrolled in this study, 

100 (50%) were diagnosed with preeclampsia and 100 (50%) 
were healthy pregnant women matched for age and gestational 
age. 

The mean participants’ ageand gestational age of the 
preeclamptic study participants was not significantly different 
to that of the normotensive comparative participants (Table 1).

From Table 2, it is evident that the mean urinary calcium 
levels were significantly lower in preeclamptic (2.44± 1.45 
mmol/l) than in than in normotensive pregnancy (4.43± 1.84 
mmol/l).

Table 3 shows that there was a statistically significant 
difference in the urinary calcium levels amongst the normotensive, 
mild and severe preeclamptic participants (p < 0.001).

In Table 4, a pairwise comparison of urinary calcium levels 
among preeclamptic subgroups and normotensives by post hoc 
Bonferroni test revealed that there were statistically significant 
differences in the mean urinary calcium levels between women 
with mild preeclampsia and that of normotensive pregnant 
women (2.49 ± 1.54 mmol/L vs 4.43 ± 1.85 mmol/L, p < 0.001) 
and also that of women with preeclampsia with severe features 
and normotensive pregnant women (2.42 ± 1.42 mmol/L vs 4.43 

Table 1 Socio Demographics and Obstetrics 
Characteristics of the Respondents

# Student’s t-test; Δ Fischer’s test; ^ Pearson’s Chi-square, 
*Mann Whitney U test, 
SBP- systolic BP, DBP- Diastolic BP. 

Characteristics Preeclampsia 
N=100

Normotensive 
N=100

Total (%)
N=200

Statistics

Frequency
n (%)

Frequency
n (%)

P-value

Age (years)

20-25 7(7.0) 9(9.0) 16(8.0) 0.927^
26-30 26(26.0) 25(25.0) 51(25.5)
31-35 32(32.0) 34(34.0) 66(33.0)
>35 35(35.0) 32(32.0) 67(33.5)
Mean Age ±SD

32.2±5.5 31.7±5.6 32.0±5.5 0.531#

Booking Status

Booked 32(32.0) 100(100.0) 132(66.0) <0.001Δ
Unbooted 68(68.0) 0(0.0) 68(34.0)
Parity (median, 
range)

1(0-7) 1(0-5) 0.804*

0 26(26.0) 25(25.0) 51(25.5) 0.599^
1 26(26.0) 29(29.0) 55(27.5)
2 26(26.0) 27(27.0) 53(26.5)
>3 22(22.0) 19(19.0) 41(20.5)
Gestational age 
(weeks)

<34 55(55.0) 51(51.0) 106(53.0) 0.389^
34-37 28(28.0) 24(24.0) 52(26.0)
>37 17(17.0) 25(25.0) 42(21.0)
Mean 
Gestational age 
± SD

32.9±4.5 33.2±4.6 33.0±4.5 0.628#

Educational 
Qualification

None 0(0.0) 1(1.0) 1(0.5) 0.016 Δ
Primary 6(6.0) 1(1.0) 7(3.5)
Secondary 46(46.0) 33(33.0) 79(39.5)
>secondary/
Tertiary

48(48.0) 65(65.0) 113(56.5)

Marital Status

Married 99(99.0) 99(99.0) 198(99.0) 1.000 Δ
Single 1(1.0) 1(1.0) 2(1.0)
Occupational 
status

Professional 4(4.0) 12(12.0) 16(8.0) 0.147 Δ
Semi-skilled 20(20.0) 22(22.0) 42(21.0)
Skilled 18(18.0) 12(12.0) 30(15.0)
Housewife/
unskilled

58(58.0) 54(54.0) 112(56.0)

Symptoms at 
Presentation

Yes 62(62.0) 0(0.0) 62(31.0) <0.001 Δ
No 38(38.0) 100(100.0) 138(69.0)
Proteinuria

Nil 0(0.0) 100(100.0) 100(50.0) <0.001 Δ
1+ 0(0.0) 0(0.0) 0(0.0)
2+ 80(80.0) 0(0.0) 80(40.0)
3+ 18(18.0) 0(0.0) 18(9.0)
4+ 2(2.0) 0(0.0) 2(1.0)

SBP (mmHg)
(mean ± SD)

162.0 ± 15.8 115.8 ± 8.2 138.9 ± 
26.3

<0.001#

DBP (mmHg)
(mean ± SD)

102.8 ± 10.9 69.8 ± 6.2 86.3 ± 18.8  p<0.001#
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± 1.85 mmol/L, p < 0.001). However, there was no observed 
statistical difference between the urinary calcium levels in pre-
diagnosed women with either mild or severe preeclampsia (2.49 
± 1.54 mmol/L vs 2.42 ± 1.42 mmol/L), respectively. (P-value 
=1.0).

Discussion
This study compared the levels of urinary calcium excreted 

in women diagnosed with preeclampsia and normotensive 
pregnant women using Orthocresolphthaleincomplexone (CPC) 
method which is an accurate, inexpensive, less time-consuming 
and the recommended field method of calcium estimation. We 
found that the mean urinary calcium level among preeclamptic 
women was significantly lower than that of normotensive 
pregnant women. However, further sub analysis showed that 
there is so significant difference in urinary calcium level in 
women with mild or severe preeclampsia. 

The finding of significantly lower levels of mean urinary 
calcium levels in preeclamptic women than in normotensive 
pregnant women is in agreement with the findings by Pal 
and colleagues who also reported in their study that pregnant 
women diagnosed with preeclampsia excrete lesser amount of 
calcium in urine when compared with healthy normotensive 
pregnant women at the same gestational age at diagnosis [32]. 
Although they suggested different mechanisms to explain the 
reason behind the hypocalciuria in women with preeclampsia, 
the most plausible in their explanation was that of changes in 
glomerular filtration rate in preeclampsia, increased requirement 
of calcium by the pregnant hypertensive women resulting in 

Table 2 Comparison of Urinary Calcium Levels between Respondents

SD: Standard deviation. *Mann Whitney U test. # Student’s t-test

Variable Measure of central 
tendency

Preeclampsia
N=100

Normotensive
N=100

Total
N=200

P-value

Urinary 
Calcium
(mmol/L)

Mean (SD) 2.44 (1.45) 4.43 (1.84) 3.44 (1.93) <0.001#

Median (IQR) 2.26 (2.06-2.46) 3.91 (3.19-5.31) 2.71 (2.22-4.17) <0.001*

Variable Measure of central 
tendency

Normotensives
N=100

Preeclampsia (mild)
N=30

Preeclampsia (severe)
N=70

Statistics P-value

Urinary 
Calcium
(mmol/l)

Mean (SD) 4.43 (1.85) 2.49 (1.54) 2.42 (1.42) ◊=35.836 p<0.001

Median (IQR) 3.91 (3.19-5.31) 2.28 (2.11-2.48) 2.24 (2.02-2.45) ǒ=108.862 p<0.001

Table 3 One-way analysis of variance in mean Urinary calcium levels across the study groups

ǒKruskal Wallis test	 ◊ANOVA

Preeclampsia status Normotensive 
(N=100)

Mild 
preeclampsia 
(N=30)

Mild preeclampsia (N=30) < 0.001$

Preeclampsia with severe features 
(N=70)

< 0.001$  1.000$

$ p-value for Bonferroni pear wise comparison

Table 4 Pairwise Comparison of Urinary Calcium Levels 
among Preeclamptics and Normotensives by 
Post hoc Bonferroni Test

increased intestinal absorption and increased calcium uptake 
by the developing fetus with or without changes in calcium 
reabsorption in the renal tubules. 

Furthermore, although Agarwal and co-workers in their 
study were able to establish that there is an association between 
low urinary calcium levels and urinary calcium to creatinine 
ratio in preeclampsia, there sample size was not sufficient to 
draw a definitive conclusion. Currently, not so much studies 
exist in literature that evaluated the relationship between urinary 
calcium and preeclampsia [33]. Other possible explanation 
for these findings in our study may be related to the decreased 
dietary intake of calcium, decreased intestinal absorption of 
calcium, increased calcium uptake by the fetus and placenta or 
due to increased distal tubular reabsorption of calcium, which is 
likely to be independent of sodium reabsorption, as implied by 
several studies that were able to demonstrate reduced fractional 
excretion of calcium in patients with preeclampsia [25–28].

However, the finding of our study is different from that 
by Tejaswi et al who in their prospective cohort study of 100 
pregnant women between 20–28 weeks gestation, aged less than 
35 years found no significant difference in the mean urinary 
calcium levels, but reported that urinary calcium creatinine 
ratio is a good predictor of preeclampsia [33]. The average 
mean arterial blood pressure at entry into the study also did not 
differ significantly between those that subsequently developed 
preeclampsia and remained normotensive. This may have 
influenced the ability of the study to detect any difference in 
urinary calcium excretion.

Prajapati in a prospective study also found that urinary 
calcium excretion was not significantly different between 
groups of normotensives, preeclamptic and pregnancy- induced 
hypertensive patients [35]. This study involved a relatively large 
sample size of with calcium estimation done using spot urine 
samples. However, unlike our study, participants were recruited 
between 20-30 weeks gestation but only 16 women out of the 
total sample population of 456 women developed preeclampsia 
[35]. Hence, this may also have affected the ability of the study 
to detect a difference. 

Further analysis revealed that there was a statistically 
significant difference between urinary calcium levels in 
normotensive participants and participants with mild as well 
as preeclampsia with severe features. However, no significant 
difference existed between the urinary calcium levels in 
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participants with mild preeclampsia and those with preeclampsia 
and severe features. The clinical implication of this finding 
is that urinary calcium excretion may be a reliable tool for 
determining the occurrence of preeclampsia but not the severity. 
This finding mirrors the study of Anandpara et al, who also did 
not show any significant difference in urinary calcium excretion 
between participants with mild preeclampsia and those with 
severe features [35].

Our study finding of no significant association between 
the severity of preeclampsia and urinary calcium level may be 
due to the fact that preeclampsia is a continuous spectrum of 
progressive multisystemic disease with the possibility of having 
a severe disease e.g. end-organ dysfunction even in the presence 
of perceived mild features like mild hypertension or absence of 
proteinuria [1]. Another possible reason for this finding is that 
the criteria for the determination of the severity of preeclampsia 
as defined by various clinical practice guidelines (CPGs) is froth 
with a lot of inconsistencies [1]. Some CPGs; for instance, define 
severe preeclampsia as the occurrence of the disease at less than 
34 weeks’ gestation, hence a severe disease in a particular CPG 
may be considered a mild disease in another CPG [33].

This observed association of low urinary calcium levels in 
preeclamptic women may mean that urinary calcium level may 
play a role in the identification, but, not in the categorization 
of preeclampsia and it may also not be a marker of severity of 
preeclampsia. However, whether the hypocalciuria is a cause or 
a consequence of preeclampsia still remains to be clarified.

However, there is need for further robust studies involving 
larger population of preeclamptic women to investigate any 
association between pre-eclampsia, and calcium excretion in the 
urine. 

The strength is attributed to its relatively large sample 
size in a homogenous population of pregnant women which 
is sufficient to detect effect and increase the reliability of the 
obtained results. However, we are limited by the fact that the 
study is a one centre cross-sectional study which may not be able 
to show cause effect relationship between low urinary calcium 
and preeclampsia in the entire Sub-Saharan Africa. 

Conclusions
This study revealed a significantly lower level of urinary 

calcium among preeclamptic participants in comparison with 
their healthy normotensive counterparts. However, there was no 
significant difference in the urinary calcium level in participants 
with mild and severe preeclampsia. The finding of low levels of 

urinary calcium in preeclamptic participants suggests that urinary 
calcium excretion may have a role in the aetiopathogenesis 
of preeclampsia. Considering the cost effectiveness and wide 
availability of tools for urinary calcium estimation, it holds a 
promising future for early diagnosis of preeclampsia. 
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Introduction
In Wuhan, China, the first coronavirus infection 

case of 2019 (COVID-19) was reported in December 
of that year [1]. The global pandemic of COVID-19 is 
affecting individuals worldwide and has emerged as a 
significant public health concern [2]. The COVID-19 
pandemic was labeled a "pandemic" by the World 
Health Organization (WHO) in March 2020 after it was 
originally categorized as a "international public health 
emergent situation" in January 2020 [3]. According 
to the World Health Organization's most recent 

figures, 6.64 million people have died as a result of 
the COVID-19 pandemic, and 646 million individuals 
have infected the virus [3]. In Turkey, 16.9 million 
individuals have been diagnosed with COVID-19, and 
101 thousand individuals have died [3]. Throughout the 
COVID-19 outbreak, many measures have been taken 
and changes have been made to stop the expansion of 
the virus [4]. One of these was the implementation 
curfews, home quarantine and isolation to prevent the 
spread of the pandemic, which resulted in education 
systems being forced to use online platforms [5]. These 
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changes negatively affected individuals’ social lives [6]. The 
pandemic also caused psychological problems in individuals 
[7]. According to a study in China, symptoms of anxiety, 
depression and stress increased among individuals at the onset 
of the pandemic [8,9]. Lin reviewed the perceptions of people 
regarding COVID-19 and reported that experiences of loss, 
grief, anxiety, fear of being sick and stigmatization during the 
pandemic caused psychosocial problems [10].

Although COVID-19 has affected all layers of society, 
university students may be the group most affected by this 
situation [11]. For university students forced to stay at home and 
fully dependent on online education, this situation has emerged 
as unusual and unexpected, especially for those who have no 
experience with e-learning or the necessary facilities [12]. In 
these circumstances, students faced psychological problems 
caused by the pandemic as well as uncertainties related to 
their education [6]. The stress and subjective well-being levels 
of university students increased and decreased, respectively, 
throughout the outbreak [13]. Kimhi et al. stated that an increase 
in feelings of stress and fear among college students in Israel led 
to a reduce in their stages of hope and morale [14]. University 
students also showed notable increases in unhealthy habits 
during the pandemic [16, 17], including smoking, drinking 
alcohol, using drugs, and not exercising [15]. In their study of 
university students, Sander et al. observed that the severity of 
mental issues and alcohol and drug usage were enhanced during 
the pandemic [18]. In a research among French university 
students, Bourion-Bédès et al. reported a rise in cigarette usage 
during the pandemic [16]. According to a survey by Gritsenko 
et al. of university students in Belarus and Russia, during the 
COVID-19 epidemic, there was a surge in the use of cigarettes 
and alcohol by students [19]. In a study involving Chinese 
university students, Ahmed et al. found that the pandemic period 
raised students' alcohol consumption to a dangerous level [20].

According to the literature, children were more prone to 
experience stress, anxiety, smoking, and drug use throughout the 
COVID-19 period. In addition, studies carried out in a number 
of countries have examined the stress, anxiety, and depression 
levels of college students as well as their perspectives on drug 
addiction throughout the pandemic. Turkey hasn't, however, 
produced many studies. The current study looked at students' 
opinions about substance usage, stress and anxiety symptoms, 
and depression levels at a health sciences university in light of 
the COVID-19 epidemic. 

Materials and methods
The University of Health Sciences conducted this cross-

sectional survey in April and May of 2021. The Gülhane 
University of Health Sciences Scientific Research Ethics 
Committee has approved this study (No. 2021/162). Regarding 
the subject matter of this essay, the writers have no relevant 
conflicts of interest to declare. Each author takes ownership of 
the article. 21000 University of Health Sciences students—14915 
undergraduates and 6185 associate degree holders—made up 
the study population. The required sample size for this non-
homogeneous population was estimated using the sampling 
formula to be n = 1016 with a 95% confidence interval and ± 
3% sampling error. A total of 1126 individuals were contacted 
for this investigation. Google Forms was used in the creation of 
the dataset. It was collected using a random sampling method 
via WhatsApp. The participants were informed of the goal of 
the study at the outset of the data collecting form, and their 
consent was obtained. Participants received notification that 
no personal information will be shared with third parties and 
that their responses would never be utilized in conjunction with 

their identities. The Depression, Anxiety, and Stress Scale and 
sociodemographic characteristics comprise the two sections of 
the survey.

The sociodemographic characteristics questionnaire 
consisted of 12 questions to determine the sociodemographic 
characteristics and addictive substance (cigarettes, alcohol, etc.) 
use of the participants participating in this study.

•	 Depression, Anxiety and Stress Scale: To 
measure the levels of stress, anxiety, and depression, the 
42-item DASS was used. The scale is divided into three 
smaller scales, with 14 items on each scale that are rated 
from 0 to 3, with 0 denoting nothing at all and 3 denoting 
a lot or the majority of the time. Every subscale has a 
possible score between 0 and 42. Depression scores vary 
from 0 to 9, with mild depression being represented by 10 
to 13, moderate depression by 14 to 20, severe depression 
by 21 to 27, and extremely severe depression by 28 points 
or higher. The range of scores is as follows: 0–7 denotes a 
normal state; 8–9, mild anxiety; 10–14, moderate anxiety; 
15–19, severe anxiety; and 20 and higher, extremely 
severe anxiety. The stress rating system is as follows: 
Normal stress is indicated by a score of 0–14, mild stress 
by 15–18, moderate stress by 19–25, severe stress by 
26–33, and extremely severe stress by 34 and higher. In 
the initial investigation, the scale's subdimensions of 
tension, anxiety, and sadness had Cronbach's alphas of 
0.90, 0.91, and 0.84. The validity and reliability of the 
scale were assessed for the Turkish population by Akin 
and Çetin [21]. The depression subdimension had internal 
consistency coefficients (Cronbach's alpha) of 0.92, the 
anxiety subdimension of 0.86, and the stress subdimension 
of 0.88, according to the authors' findings. In our study, 
the Cronbach's alpha values for the stress, anxiety, and 
depression aspects were 0.93, 0.92, and 0.93, respectively.

Statistical analysis
A statistical application called SPSS 21 was used to 

analyze the data. The descriptive traits of the subjects and the 
scale scores were examined using T tests, one-way analysis of 
variance (ANOVA), and post hoc (Tukey, LSD) analyses.

Results
This study included 1126 participants: 46.6% were male, 

53.4% were female, 44.4% were nursing students, and 49.3% 
had a middle-income level. The sample's characteristics are 
displayed in Table 1. The participants' average age was 21.23 
years (SD = 4.16). According to the DASS 42, the average scores 
for depression, anxiety, and stress were as follows: moderate 
(16.28±7.94) for depression, severe (17.83±8.25) for anxiety, 
and medium (17.68±8.24) for stress.

When the mean scores of the depression, anxiety and 
stress levels of the participants were evaluated according to the 
scores obtained for each subscale of the DASS, the frequency 
of moderate depression was 37.7%, there were 44.8% cases of 
really severe anxiety and 27.5% cases of moderate stress (Table 
3).

In the present study, the mean anxiety score of women 
(17.35±8.60) was significantly lower than that of men 
(18.38±7.80) (p<0.05). When the depression, anxiety and stress 
subscale scores were compared according to who the participants 
lived with, the scores for those living alone were 18.88±6.95, 
20.57±6.74, and 20.41±6.79, respectively, and were greater than 
those for those living with family and friends (p<0.05).

 When students' depression (19.37±6.28), anxiety 
(21.71±6.65) and stress (20.43±7.03) scores were analyzed 
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according to the faculty they studied at, the scores of medical 
faculty students were higher than those of the remaining pupils, 
and a statistically significant distinction was discovered between 
them. (p<0.05). The depression rating of middle-income 
participants was 16.90±8.09, the anxiety score was 18.66±8.24, 
and the stress score was 18.445±8.238, which were higher than 
those of participants with low and high incomes (p<0.05). Those 
who felt fear during the pandemic had a depression score of 
18.32±7.46, an anxiety score of 19.87±7.63, and a stress score 
of 19.72±7.77. The scores of the participants who experienced 
fear during the pandemic were significantly greater than those 
of the participants who were anxious, unhappy, happy or bored 
(p<0.05) (Table 4).

In the present study, the mean depression score of the 
participants who used addictive substances (17.16±7.70) was 
greater than that of the participants who did not use addictive 
substances (15.82±8.03) (p=0.007). The individuals who used 
addictive substances had an average anxiety level (18.85±8.01) 
of greater than that of the participants without addictive 
substance use (17.31±8.33) (p=0.003). The individuals who used 
addictive substances had an average stress level (18.5±8.24) 
of greater than that of the participants without addictive 
substance use (17.26±8.22) (p=0.017). The mean depression 
score (16.85±8.34) of the participants with relatives who used 
addictive substances was greater than that (15.69±7.46) of 
the participants without relatives with addictive substance use 
(p=0.014). Participants who knew someone who used addictive 
drugs had a mean anxiety score of 18.32±8.31, which was higher 
than the mean anxiety score of 17.33±8.17 for those who did not 
know anybody who used addictive substances (p=0.045).

Those who experienced elevated stress during the pandemic 
time had mean depression ratings of 16.67±7.95, which was 
higher than those who did not experience elevated stress during 
the pandemic period (14.25±7.56) (p=0.001). Participants who 
experienced elevated stress during the pandemic (18.26±8.18) 
had mean anxiety scores that were higher than those of 
participants who did not experience elevated stress during the 
pandemic (15.62±8.27) (p=0.001). Furthermore, the participants 
who reported higher levels of stress had a DASS stress subscale 
score of 18.08±8.27, which was higher than the participants who 
reported lower levels of stress (p=0.001). During the pandemic 
period, 25.6% of participants started using addictive substances. 
The DASS depression subscale score of participants whose use 
of addictive substances did not change during the pandemic was 
17.94±7.38, the anxiety subscale score was 19.65±8.27, and the 
stress score was 19.260±8.348. These scores were significantly 
greater than the scores of participants who did not use addictive 
substances during the pandemic and those whose use increased 
(p<0.05) (Table 5).

Discussion
Using online surveys, this study looked at how stress, 

anxiety, and depression symptoms changed during the COVID-19 
pandemic in 2021, as well as college students' use of addictive 
substances. The findings indicated a correlation between an 
increase in the severity of anxiety and depressed symptoms and a 
rise in the use of addictive substances. Over half of the university 
students who responded to this study said they felt more anxious, 
frightened, bored, and nervous throughout the pandemic. The 
students' mean DASS subscale scores revealed that their levels 
of stress, anxiety, and depression were respectively moderate, 
severe, and mild. A study among Jordanian health care students, 
in contrast to ours, found modest levels of anxiety [22]. In 
contrast to these investigations, depression, anxiety, and stress 
levels were shown to be normal in another study involving other 

Table 1 Distribution of participants by characteristics 
(n=1126)

Characteristics N % 
Sex Female 601%53.4

Male 525%46.6
Number of siblings 1 219%19.4

2 694%61.6
3 213%18.9

Living situation Family 389%34.5
Friends 644%57.2
Alone 93%8.3

 Faculty Nursing 500%44.4
Vocational School of Health 202%17.9
Pharmacy 101%9.0
Dental 203%18.0
Medicine 120%10.7

Family situation Parents together 1035%91.9
Separated parents 91%8.1

Income Level Low 162%14.4

Middle 555%49.3

High 409%36.3

Do you use any addictive 
substances (tobacco, 
alcohol or drugs)?

Yes 383%34.0

No 743%66.0

Do you know anyone 
in your life who uses 
addictive substances 
(tobacco, alcohol, or 
drugs)?

Yes 570%50.6

No 556%49.4

When did you start using 
any addictive substance 
(tobacco, alcohol or 
drugs)?

1 year ago 50%13.1
2 years ago 115%30.0

3 years ago or more 120%31.3

Pandemic Period 98%25.6

Has there been any 
change in your addictive 
substance use during 
the pandemic (tobacco, 
alcohol or any other 
substance)?

Do not use 740%65.7

No change 123%10.9

Increased 263%23.4

How would you describe 
your mood during the 
pandemic?

Concerned 204%18.1
Unhappy 204%18.1
Scared 101%9.0
Happy 79%7.0
Bored 538%47.8

Table 2 DASS subscale scores of participants 

                     Mean (SD)
DASS Depression score 16.28±7.94
DASS Anxiety score 17.83±8.25
DASS Stress score 17.68±8.24

Severity Depression Anxiety Stress
    N %     N %     N %

Normal 226% 20.1 131%11.6 422%37.5
Mild 178%15.8   58% 5.2 205%18.2
Moderate 424%37.7 203%18.0 310%27.5
Severe 207%18.4 230%20.4 153%13.6
Extremely severe   91%8.1 504%44.8   36%3.2

Table 3 Severity of the participants’ depression, anxiety 
and stress (N=1126)
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Characteristic    N % Depression Anxiety Stress
Sex Mean±SD Mean±SD Mean±SD
Female 601%53.4 16.08±8.26 17.35±8.60 17.72±8.50
Male 525%46.6 16.51±7.57 18.39±7.80 17.64±7.97
t= -0,911 -2,100 0,181
p= 0.360 0.035 0.857
Living situation
Family 389%34.5 15.50±8.09 16.83±8.40 16.77±8.26
Friends 644%57.2 16.38±7.91 18.04±8.27 17.84±8.34
Alone    93%8.3 18.88±6.95 20.57±6.74 20.41±6.79
F= 7.021 8.287 7.677
p=  0.001 0.001 0.001
Post Hoc= 3>1, 3>2 (p<0.05) 2>1, 3>1, 3>2 (p<0.05) 2>1, 3>1, 3>2 (p<0.05)
Faculty
Nursing    500%44.4 15.94±9.60 16.18±9.50 17.61±9.51
Vocational School of Health    202%17.9 16.72±6.29 19.42±6.86 17.93±7.19
Pharmacy     101%9 16.52±5.93 19.89±6.37 18.28±6.84
Dental     203%18 14.72±5.94 17.00±6.52 15.70±6.53
Medicine     120%10.7 19.37±6.28 21.71±6.65 20.43±7.03
F= 7.044 16.423 6.593
p= 0.001 0.001 0.001
Post Hoc= 5>1, 5>2, 5>3, 2>4, 5>4 

(p<0.05)
2>1, 3>1, 5>1, 5>2, 2>4, 3>4, 5>4 
(p<0.05)

5>1, 5>2, 1>4, 2>4, 3>4, 5>4 
(p<0.05)

Income Level
Low   162%14.4 16.51±8.40 17.58±8.59 17.97±8.51
Middle   555%49.3 16.90±8.09 18.66±8.24 18.445±8.238
High   409%36.3 15.33±7.45 16.81±8.02 16.540±8.041
F= 4.706 6.060 6.459
p= 0.009 0.002 0.002
Post Hoc= 2>3 (p<0.05) 2>3 (p<0.05) 2>3 (p<0.05)
How would you describe your mood during the pandemic?
Concerned 204% 18.1 16.50±8.27 18.04±8.67 18.08±8.78
Unhappy 204% 18.1 17.16±8.00 17.91±8.03 17.97±8.42
Scared 101% 9 18.32±7.46 19.87±7.63 19.72±7.77
Happy  79% 7 15.19±8.20 17.64±8.51 17.05±8.25
Bored 538% 47.8 15.63±7.75 17.37±8.22 17.13±8.00
F= 3.638 2.007 2.457
p= 0.006 0.091 0.044
Post Hoc= 3>4, 2>5, 3>5 (p<0.05) 3>4, 3>5 (p<0.05)
F: ANOVA; t: Independent samples t test; Post Hoc: Tukey, LSD

Table 4 Comparison of participant characteristics and DASS scores

Characteristics        N % Depression Anxiety Stress

Do you use any addictive substances 
(tobacco, alcohol or drugs)?

Mean±SD Mean±SD Mean±SD

Yes     383%34 17.16±7.70 18.85±8.01 18.50±8.24
No     743%66 15.82±8.03 17.311±8.33 17.26±8.22
t= 2.699 2.986 2.388
p= 0.007 0.003 0,017

Do you know anyone in your life who uses addictive substances (tobacco, alcohol, or drugs)?
Yes   570%50.6 16.85±8.34 18.32±8.31 18.03±8.48
No   556%49.4 15.69±7.46 17.33±8.17 17.32±7.99
t= 2.449 2.003 1.433
p= 0.014 0.045 0.152
Increased stress during the pandemic
Yes   942%83.7 16.67±7.95 18.26±8.18 18.08±8.27
No   184%16.3 14.25±7.56 15.62±8.27 15.64±7.80
t= 3.80 3.99 3.69
p= 0.001 0.001 0.001
When did you start using any addictive substances (tobacco, alcohol or any other substance)?
1 years ago     50%13.1 18.10±7.09 20.12±7.55 19.68±7.92
2 years ago    115%30 16.04±7.10 18.73±7.24 17.87±7.34
3 Years and More    120%31.3 17.70±8.35 18.81±8.46 19.06±8.76
Pandemic Period      98%25.6 17.34±7.80 18.39±8.57 17.93±8.72
F= 1.279 0.528 0.900
p= 0.281 0.663 0.441
Has there been any change in your addictive substance use during the pandemic period (tobacco, alcohol or any other substance)?
Not used    740%65.7 15.83±8.04 17.32±8.33 17.249±8.230
No change   123%10.9 17.94±7.38 19.65±8.27 19.260±8.348
Increased   263%23.4 16.76±7.80 18.44±7.87 18.179±8.161
F= 4.379 5.157 3.769
p= 0.013 0.006 0.023
Post Hoc= 2>1 (p<0.05) 2>1 (p<0.05) 2>1 (p<0.05)
F: ANOVA Test; t: Independent samples t test; Post Hoc: Tukey, LSD

Table 5 Comparison of participants' attitudes toward substance abuse and mean DAS scores
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university students [23]. Rehman et al. found that students had 
modest stress levels and moderate levels of anxiety and sadness 
in their study done during the pandemic [24]. These findings 
imply that health care students experience high levels of anxiety 
and despair due to their familiarity with severe suffering and 
their awareness of the pandemic's effects and scope.

Anxiety levels varied significantly when the mean 
DASS subscale score was broken down by sex in this study. 
Consequently, the mean anxiety score of male students was 
higher than that of female students. In contrast to our results, 
girls fared better than males on stress, anxiety, and depression 
measures in a research among Turkish university students 
who were not pursuing medical degrees during the COVID-19 
epidemic [25]. Talapko et al. found that female sex was linked 
to higher DASS subscale scores in their research of health care 
students [26]. In line with the results of these investigations, a 
research carried out in Helsinki during the COVID-19 epidemic 
showed that female pupils outperformed their male counterparts 
on the DASS subscale [27]. The findings show that when faced 
with tough situations like pandemics, female pupils are more 
prone to have a fragile mental health state. Studies have shown 
that female students were more likely to be depressed and 
anxious [28, 29].

When the students' mean scores in our study were 
categorized by the faculty they were enrolled in, a substantial 
difference was discovered. As a result, students in the medical 
faculty had significantly higher mean scores for depression, 
stress, and anxiety when compared to students in other faculties. 
An Egyptian study [30] found that anxiety and despair are 
common among medical students. In Brazil, moderate-to-severe 
symptoms of sorrow and anxiety were reported by 46.17% of 
medical students [31]. According to study, university education 
departments' students tend to be less depressed, anxious, and 
stressed than their medical department counterparts [32]. These 
results demonstrated that both medical and non-medical students' 
mental health might benefit from attentive coping techniques.

The living situation of the students were shown to 
be significantly correlated with their mean DASS score. 
Accordingly, the mean depression score of the students who 
lived alone was greater than that of the students who lived with 
their families, while the mean anxiety and stress scores were 
greater for the students living with friends than for the students 
living with their families. Similar to our study, Aylie et al.'s 
investigation among Ethiopian university students during the 
pandemic found that those who did not reside with their family 
experienced significant levels of anxiety and anxiety severity 
[33].

In many studies conducted among university students, 
living with friends, living in dormitories and not living with 
family increased individuals’ depression, anxiety and stress 
levels [26,34,35]. Those who stayed with their relatives reported 
being less anxious. Being away from home and the pandemic's 
negative consequences on students' lives were risk factors for 
mental health conditions such sadness, stress, and anxiety. 
These findings imply that stress, anxiety, and depression were 
negatively impacted by social isolation during the epidemic.

The study revealed a noteworthy association between 
the average DASS subscale score and the students' economic 
income level. Consequently, it was discovered that people with 
medium earnings scored higher on sadness, stress, and anxiety 
than people with high incomes. Depression among students 
during the COVID-19 epidemic was shown to be more common 
in individuals with lower means, according to Sander et al. A 
person's and their family's income declining is one of the causes 
contributing to an increase in anxiety and stress levels. At this 

stage, school administrators and institutions should identify 
students in need of economic support and inform them of and 
promote the necessary scholarships and funding sources.

In addition, during the pandemic period, students felt 
anxious, bored and scared, with increased stress levels. The 
COVID-19 pandemic, which affected the entire world, left 
students feeling nervous, depressed, anxious, tired, gloomy, 
stressed, and unhappy with life [36]. A different study found that 
students who had anxiety or depression during the COVID-19 
pandemic also experienced tension, fear, or nervousness [8,9]. 
In the Bashir et al. research, about half of the health sciences 
students experienced depression during the pandemic [37]. The 
impact of this time period on people's mental health endures 
even when the epidemic and its limitations have been gone. 
Multidisciplinary research is essential for offering families and 
students training, adaptive strategies, and psychological support.

According to our research, most people did not see any 
appreciable changes in their use of alcohol, cigarettes, or other 
substances throughout the pandemic. Of those surveyed, 25% 
indicated they started using alcohol, cigarettes, or other drugs 
during the pandemic, and 23.4% reported their use of these 
drugs increased during the outbreak. There has been a rise in 
the use of drugs and alcohol by participants in another study 
among Turkish university students [38]. In Poland, the majority 
of university students surveyed claimed that the epidemic had 
had no discernible impact on their use of hard drugs, alcohol, 
nicotine, marijuana, THC, or other substances. A nearly similar 
proportion of students reported rising and falling alcohol and 
cigarette intake. A much larger number of respondents reported 
decreases rather than increases in the use of marijuana, THC, or 
hard drugs [39]. Many studies conducted during the COVID-19 
pandemic found a correlation between an increase in alcohol 
consumption and an increase in alcohol usage overall [40]. 
These results might indicate that university students who were 
isolated from the outside world during the pandemic and had to 
stay at home due to quarantine used more alcohol, cigarettes, and 
other drugs as a coping mechanism for their lack of sociability. 
During our analysis, we found a strong relationship between the 
average scores on the DASS subscales and the use of any kind 
of drug (such as alcohol, cigarettes, etc.). Thus, students who 
used any form of addictive substance displayed higher levels of 
stress, anxiety, and despair in comparison to students who did 
not use any addictive substances. According to Dogan-Sander 
et al.'s study, depression and alcohol usage rose among college 
students during the pandemic [18]. These findings imply that 
students lack appropriate coping mechanisms and suffer from 
depression, anxiety, and stress during significant emergencies 
like epidemics. There are various restrictions on this study. First, 
it was not possible to ask questions about addictive behavior and 
depressive symptoms separately. The study's religious views and 
ideals were taken into consideration while asking about addictive 
drugs like alcohol, cigarettes, and others in a single question. 
Second, as only self-report measures were used, generalizability 
may be restricted because the results are restricted to a single 
Turkish health care university.

Conclusion
It was found that the study participants had moderate 

sadness and severe anxiety. During the epidemic, those with 
high scores for stress, anxiety, and sadness also used addictive 
substances. Medical faculty students exhibited higher levels 
of stress, anxiety, and depression than other students studying 
in health-related areas. Furthermore, it was shown that 25% 
of the participants began using drugs or alcohol during the 
epidemic. These findings suggest that health professionals 
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Changes among Polish University Students during the COVID-19 Pandemic. Int. J. Environ. Res. Public Health. 2021; 18(18): 9571. 
https://doi.org/10.3390/ijerph18189571. 



73
Journal of Clinical Medicine of Kazakhstan: 2024 Volume 21, Issue 6

Original Article DOI: https://doi.org/10.23950/jcmk/15614

JOURNAL OF CLINICAL MEDICINE OF KAZAKHSTAN (E-ISSN 2313-1519)

Abstract
Aims. To evaluate the efficacy of the modified Stoppa approach for surgical 

treatment of pelvic bone injuries based on clinical (sex distribution, fracture 
type), surgical (duration of operation, intraoperative blood loss, incision length, 
quality of reduction), and functional outcome (hip joint function). 

Materials and methods. A total of 31 patient were included in a 
retrospective cohort study from 2019 until March 2022 with various injuries of 
acetabulum in the N.D. Batpenov National Scientific Center of Traumatology 
and Orthopaedics (NSCTO).The inclusion criteria for this study were: patients 
with acetabulum injuries, and who underwent surgical interventions using one 
of two surgical approaches (modified Stoppa, ilioinguinal approaches), patients 
over 18 years old. Exclusion criteria: other operative approaches to pelvic bones 
and patients under 18 years of age. 21 patients underwent surgery with the use 
of modified Stoppa approach (group A) and 10 surgeries were performed using 
the ilioinguinal approach (group B). Efficiency was evaluated by comparison of 
duration of surgical procedures, amount of blood lossbetween groups, size of 
skin incision, quality of reduction and functional outcomes. 

Results. There are males – 18(58.1%), females – 13(41.9%) in the study. The 
clinical study results showed that average volume of intraoperative blood loss 
and size of skin incision were significantly less during Stoppa approach then 
ilioinguinal approach though average duration of surgical procedures did not 
reveal significant differences between two groups. Average duration of surgical 
procedures did not reveal significant differences between two groups – 109.5 
min (±54.7) among group A and 126 min (±58.9) in group B. The volume of 
intraoperative blood loss averaged 338±254.5 ml of blood for the total sample. 
The volume of intraoperative blood loss was 525.0 ±322.5 ml of blood in group B, 
which is more than twice the estimated blood loss for group A (250 ±157.3 ml). 
When using a Stoppa approach, the length of the cutaneous surgical incision 
averaged at 8.8 ± 1.5 cm, while with an ilioinguinal approach, this value was 
estimated at 20.6 ± 8.5 cm, which suggests a favorable cosmetic effect of Stoppa 
approach. 

Conclusion. The positive results obtained with the modified Stoppa 
approach, which are reflected in a reduction in the length of the skin incision and 
the amount of intraoperative blood loss, suggest that the use of this approach 
in clinical practice provides an opportunity to improve the surgical treatment of 
acetabular fractures by obtaining variability in the study of surgical approach. 
Nevertheless, the frequency and complexity of the occurring pelvic bone injuries 
dictate the need for further search and improvement of more optimal access 
options for surgical treatment.

Keywords: acetabulum, osteosynthesis, Stoppa approach, ilioinguinal 
approach.
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Introduction
Introduction. Acetabulum fractures are among the most 

challenging to treat due to the intricate nature of the required 
surgery, making them some of the most difficult procedures 
for orthopedic surgeons [1]. Achieving an accurate anatomical 
reduction of fractures and reconstructing the joint are fundamental 
to treating acetabulum fractures, a consensus shared by most 
orthopedic surgeons [2]. Selecting the appropriate surgical 
method for treating fractures of the anterior pelvic ring and 
acetabulum is crucial for ensuring accurate fracture realignment 
and minimizing complications [2, 3]. Since Letournel introduced 
the ilioinguinal approach (IA) [4], it has become a widely adopted 
method for addressing pelvic ring and acetabulum fractures. 
The IA approach offers several advantages, including excellent 
visibility of the acetabulum fracture, minimal risk of sciatic 
nerve damage, a discreet postoperative scar, and a swift recovery 
[5]. It is noted that the rate of anatomical recovery reaches from 
45% to 74% [6, 7]. Only from early 1990s the modified Stoppa 
approach, introduced by R. Stoppa, was initially employed in 
pelvic surgery as a less traumatic alternative [8-10]. 

Comparison of operative approaches in acetabulum 
fractures was previously carried out using the AO/ASIF 
classification system for fractures [11] or E. Letournel [12-
15]. The type of fracture determines the selection of approach 
to the acetabulum.M. Erem et al. (2019) argue that to enhance 
functional outcomes, the selection of one or two approaches 
should be based on the fracture's type and location [13]. The 
literature suggests that specialists, having gained experience in 
treating acetabulum fractures, primarily considered fractures of 
the acetabulum columns when selecting operative approaches. 

In cases of fractures involving the anterior column and the 
anterior wall of the acetabulum, the authors typically employed 
the ilioinguinal or Stoppa approaches. Deng C. et al. (2018) 
used a combination of ilioinguinal and Kocher-Langenbeck 
approaches in surgical treatment of 31 cases of acetabulum 
fractures [12]. 

In 1993, Hirvensalo et al. initially documented the 
modified Stoppa approach (MSA) for the treatment of pelvic 
ring or acetabulum fractures. MSA offers the advantage of 
minimizing surgical trauma, offering excellent visualization, and 
easing the reduction and fixation of fragments displaced towards 
the medial side [9, 10, 16].

The modified Stoppa approach is becoming increasingly 
popular worldwide. This is because it is potentially less 
invasive than the ilioinguinal approach and provides excellent 
visualization of the entire pelvic rim from the pubic bone to the 
sacroiliac joint, including direct visualization of the quadrilateral 
plate [17]. The adoption of the anterior intrapelvic approach also 
led to the development of new instruments and implants [18]. It 
is challenging to compare surgical approaches, but the studies by 
Rocca et al. and the meta-analysis by Meena et al., both conclude 
that MSA (anterior intrapelvic approach) is preferable over the 
iliopubic approach [19, 20].

The objective of this study is to examine Stoppa access 
in more detail, and to evaluate the efficiency of the modified 
Stoppa approach in comparison with ilioinguinal approach for 
the surgical management of pelvic bone injuries. Subsequently, 
we aim to add knowledge to consider the feasibility of wide 
application of Stoppa approach as the method of choice in our 
clinical practice.

Materials and methods
From the beginning of 2019 to March 2022, the 

Department of Traumatology performed surgery on 63 patients 

with various injuries of the pelvic bones. The inclusion criteria 
for this study were: patients with acetabulum injuries, according 
to the Judet-Letournel classification, except for fractures of the 
posterior wall of the acetabulum, and who underwent surgical 
interventions using one of two surgical approaches (modified 
Stoppa, ilioinguinal approaches), patients over 18 years old, 
as our clinic only treats adult patients. Exclusion criteria: other 
operative approaches to pelvic bones, patients with fractures 
of the posterior wall of the acetabulum, according to the Judet-
Letournel classification, and patients under 18 years of age. 
During the study, according to the exclusion criteria 10 patients 
underwent surgery utilizing the Kocher-Langenbeck approach. 
In addition, 22 other patients underwent surgeries due to fractures 
of other pelvic bones, without involvement of the acetabulum, 
were not included in this study (Figure 1). Thirty-one surgeries 
were performed for the various injuries of the acetabulum in 
the Department of Traumatology. In this study, a retrospective 
cohort study was conducted. This study design was chosen 
because we have only started using the Stoppa approach in the 
last couple of years, and the idea of evaluating and comparing 
the two approaches came later.

Figure 1 – Flow-chart of inclusion of patients in the study

Pre-operative preparations
Upon the patients’ arrival to our emergency department, 

we ensured that they properly resuscitated and stabilized 
hemodynamically. We utilized conventional methods of the 
skeletal traction on their distal femur, and administered low 
molecular weight heparin subcutaneously as a prophylaxis 
against deep vein thrombosis. We routinely conducted pelvic 
X-ray, computed tomography (CT) scan with angiography and 
three-dimensional (3D) reconstruction. In addition, one day prior 
to surgery, we reevaluated and prepared for routine procedures 
such as enemas, urinary catheterization, and blood transfusion. 

Surgical interventions
Patients in group A underwent surgery using a modified 

Stoppa approach. The operation is performed under endotracheal 
anesthesia. A soft tissue incision measuring 9.0 cm in size 
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was made transversely 2 cm above the symphysis. The skin-
subcutaneous layer was mobilized from the fascia at a distance 
of 6 cm from the edges of the wounds. The rectus abdominis 
fascia was dissected vertically along its fibers. The Retzius space 
was dissected bluntly. Subperiosteal dissection was performed 
alongside the pubic bone. An elevator was installed. The left 
and right pubic bones were exposed for 4 cm along the upper, 
posterior, and anterior surfaces. A sharp Hohmann retractor was 
positioned over the pubic tubercle to facilitate retraction of the 
rectus muscle. The superior iliac crest fascia, inferior obturator 
fascia were separated from the pelvis to expose the pubic bone, 
the terminal line, and the quadrangular surface. Consequently, 
a square space was allocated, while the obturator nerve was 
mobilized (Figure 2). 

Figure 2 – Stages of modified Stoppa approach to an acetabular 
fracture: 9,0 cm skin incision 2 cm above the symphysis (А). 
The rectus abdominis fascia is dissected vertically along its 
fibers. Blunt dissection of the Retzius space is performed. 
Subperiosteal dissection is performed along the pubic bone (В). 
Blunt dissection of the Retzius space is performed. An elevator 
is installed (С). A sharp Hohmann retractor is placed over the 
pubic tubercle to retract the rectus muscle. The superior iliac 
crest fascia and inferior obturator fascia are separated from 
the pelvis to expose the pubic bone, the terminal line, and the 
quadrangular surface (D). Intraoperative reduction and fixation 
of fracture (E).

Figure 3 – Acetabular fracture after falling from a height was 
present in a 53-year-old male patient. The patient was operated 
on the 10th day after trauma with a modified Stoppa approach. 
Preoperative x-ray and CT sections: A) preoperative direct x-ray, 
В,C) preoperative axial CT section, D) Х-ray on postoperative day 
1. The postoperative reduction was assessed as an anatomical 
reduction.

Next, the terminal line and the revision of the fracture site 
were highlighted. The fracture ends were cleaned, the fragments 
were repositioned using pelvic clamps and a picador. At the end, 
the plate was adapted and placed along the terminal line on the 
pelvic bone. The plate was fixed with cortical screws (Figure 3).

Patients in Group B underwent surgery utilizing the 
ilioinguinal approach. Unlike the Stoppa approach, this approach 
usually requires a larger incision. The incision site begins at the 
intersection of the lateral and medial quarter lines connecting the 
umbilicus to the anterior superior iliac spine (ASIS), continuing 
in a slightly convex curve towards the distomedial direction 
to the intersection of the medial and medial thirds of the line 
joining the ASIS to the symphysis. The ilioinguinal approach 
provides an overview of the anterior and posterior sections of 
the acetabulum. 

Efficiency was evaluated by comparison the average 
duration of the operation and length of incision, the median 
amount of blood lost during surgery between the groups. Quality 
of reduction was evaluated according to the Matta reduction 
criteria on pelvic X-rays by measuring the diastasis between 
bone fragments according to the method: 0-1 mm displacement 
was classified as anatomical, 2-3 mm as imperfect, and >3 mm 
as poor. [21]. 

The functional assessment of the patients was carried out 
by applying the Harris Hip Score (HHS) postoperativelyby 
clinical examination and testing of the hip joint. [22, 23].

Statistical analysis was carried out using STATA statistical 
software. Quantitative variables were described using the 
mean and standard deviation. Frequency and percentage were 
employed to describe qualitative variables. The distribution of 
quantitative variables was assessed using the histogram and 
Shapiro-Wilk test. The distribution of patients by gender with 
different operative accesses was compared using a Chi-square 
test. Parameters such as the incision length, the duration of the 
operation and the quantity of intraoperative blood loss were 
compared utilizing the Student's t-test. Proportion of patients 
with missing data was negligible and did not require statistical 
handling.

Results
The range of age in our study was 19-77 years. Two groups 

did not differ on their ages with mean age for groupА being 
39.4 years (±13.3) and 42.5 years (±18.2) among group B. No 
statistically significant difference in the distribution of sexes was 
observed. Both groups are slightly more represented by males, 
57.1% in group A and 60% in group B (Table 1). 

Variable Total 
(N=31)

Group A 
(N=21)

Group B
(N=10)

p-value

Age, mean (±SD) 40.4 (±14.8) 39.4 (±13.3) 42.5 
(±18.2)

0.6

Gender, N (%)
Female
Male

13 (41.9%)
18 (58.1%)

9 (42.9%)
12 (57.1%)

4 (40%)
6 (60%)

0.88

Table 1 text
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Twenty (64.5%) fractures were classified as simple and 
11 (35.5%) fractures were classified as complex acetabular 
fractures. Among the simple fractures, there were 11 (35.48%) 
fractures of the anterior column, 5 (16.13%) fractures of the 
anterior wall of the acetabulum, 2 (6.45%) cases of transverse 
fractures, and 2 (6.45%) posterior column acetabulum fractures. 
Also, two (6.45%) anterior semitransverse fractures, 2 (6.45%) 
transverse plus posterior wall fractures, 6 (19.35%) cases of 
two-column acetabulum fractures, 1 (3.23%) T-shaped fracture 
were classified as complex fractures (Table 2).

Acetabular fractures occurred as isolated injuries in 18 
patients, while 27 had associated injuries, including 7 head 
injuries, 4 rib fractures, 7 upper limb injuries, and 3 lower limb 
injuries, and 6 had associated spinal injuries (Table 3).

In 2 cases, patients had complications in the form of post-
traumatic neuropathy of the sciatic nerve.

Average duration of surgical procedures did not reveal 
significant differences between two groups – 109.5 min (±54.7) 
among group A and 126 min (±58.9) in group B. The volume of 
intraoperative blood loss averaged 338±254.5 ml of blood for 
the total sample. The volume of intraoperative blood loss was 
525.0 ±322.5 ml of blood in group B, which is more than twice 
the estimated blood loss for group A (250 ±157.3 ml). Also note 
worthy is a cosmetic defect when using two approaches, which 
was estimated by the length of the skin incisions. Thus, when 
using a Stoppa approach, the length of the cutaneous surgical 
incision averaged at 8.8 ± 1.5 cm, while with an ilioinguinal 
approach, this value was estimated at 20.6 ± 8.5 cm, which also 
shows a statistically significant difference (Table 4).

Table 2

Table 3

Table 5

text

text

text

Type of fracture Number of cases Percentage
Anterior wall 5 16,13
Anterior column 11 35,48
Transverse 2 6,45
T-Shaped 1 3,23
Posterior column 2 6,45
Transverse with posterior wall 2 6,45
Anterior column with posterior hemi 
transverse 2 6,45
Associated both column 6 19,35
Total 31 100

18 isolated acetabular injuries
7 head injuries
4 rib fractures
7 upper limbs
3 lower limbs
6 spine

_____________ Group A (N=21) Group B (N=10)
Radiological outcome (Matta)
Anatomical (<1 mm)
Imperfect (2-3 mm)
Poor (>3 mm)

8 (38.1%)
10 (47.6%)
3 (14.3%)

3 (30%)
5 (50%)
2 (20%)

Harris Hip Score
Excellent (90-100)
Good (80-89)
Fair (70-79)
Poor (<70)

7 (33.3%)
10 (47.6%)
3 (14.3%)
1 (4.8%)

3 (30%)
4 (40%)
2 (20%)
1 (10%)

Table 4 text

Variable Total (N=31) Group A (N=21) Group B
(N=10)

p-value

Incision length in cm, mean (±SD) 12.6 (±7.4) 8.8 (±1.5) 20.6 (±8.5) 0.001
Duration of operation in min, mean (±SD) 115 (±55.7) 109.5 (±54.7) 126 (±58.9) 0.44
Blood loss in ml, mean (±SD) 338 (±254.5) 250 (±157.3) 525 (±322.5) 0.003

When assessed on radiography, the quality of reduction was 
rated as anatomical in 8 (%) cases, imperfect in 10 (%) cases and 
poor in 3 (%) cases in group A based on Matta criteria. Meanwhile 
in group B, it was rated as anatomical in 3 (%) cases, imperfect in 
5 (%) cases and poor in 2 (%) cases (Table 5, Figure 4).

Figure 3 – A 26-year-old patient with a both column fracture 
of the acetabulum. Preoperative x-ray and CT sections: A) 
preoperative direct x-ray, В,C) preoperative CT sections, D) Х-ray 
on postoperative day 1.

According to the Harris Hip score, the functional results 
were in group A excellent in 7 (33.3%) cases, good in 10 
(47.6%) cases, fair in 3 (14.3%) cases, and poor in 1 (4.8%) 
cases. Whereas in group B, the results were excellent in 3 (30%) 
cases, good in 4 (40%) cases, fair in 2 (20%) cases, and poor in 
1 (10%) cases at the 1 year follow up (Table 5).

Discussion
Based on the data obtained, it can be concluded that there 

are advantages of the modified Stoppa approach in contrast to 
the ilioinguinal approach. It is regarding the shorter length of 
the surgical incision and the reduced quantity of intraoperative 
blood loss.

Similar to our result, several studies showed a smaller 
amount of blood loss when using Stoppa approach [24-27]. 
However, these studies report a short duration of surgery, which 
does not correspond to our results. In our study there were no 
significant differences in amount of blood loss between two 
groups. This could be due to limited sample size as well as the 
difference in the quality of technical equipment that was used in 
this study.

Based on the data obtained during our study, we can 
conclude that the widespread use of the Stoppa surgical 
approach in the future is completely justified, since it has a 
number of advantages over other approaches. However, this 
does not mean that classical approaches, such as the ilioinguinal 
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approach, have completely lost their effectiveness. The selection 
of surgical approach should be considered in accordance with 
the type and nature of the fracture, the chosen surgical tactics, 
and the selection of the implant. It is also worth considering 
the fact that skilled surgeons can achieve a positive result by 
using both classical approaches and modern minimally invasive 
approaches.

The modified Stoppa approach has some limitations, 
including potential challenges associated with reducing and 
stabilizing fractures involving the posterior column, as well as 
limitations in visualizing certain areas such as head of femur, 
labrum, and articular surface of the acetabulum which results 
insufficient cleansing of the joint. This is due to the fact that this 
access provides a view of the acetabulum from the inside of the 
pelvic ring, and anatomically there is no way to fully reach the 
hip joint. Therefore, for fractures of the posterior column and 
posterior wall of the acetabulum, it is advisable to consider the 
use of a combined anterior intrapelvic approach(MSA), as well 
as the Kocher-Langenbeck approach for detailed visualization of 
the entire acetabulum and hip joint.

Most of the fractures in our study are associated with 
damage to the acetabular anterior column, which differs from 
some studies where damage to both columns was predominant 
[28].

The modified Stoppa approach offers a viable alternative in 
situations requiring anterior access to the acetabulum, although 
it may not entirely replicate the effectiveness of the traditional 
ilioinguinal approach.

The modified Stoppa approach is suitable for various 
types of fractures, including anterior wall, anterior column, both 
columns, anterior column, posterior hemitransverse, and some 
transverse and T-shaped fractures. This approach is particularly 
effective for transverse and T-shaped fractures when the fracture 
line is positioned high and in close proximity to the sciatic notch. 
It is less invasive than the inguinal approach since it does not 
involve opening the inguinal canal and its contents.

Based on the above, it can be concluded that the optimal 
path for the development of surgical treatment for acetabular 
fractures in our clinical practice involves the widespread 

adoption of new minimally invasive surgical approaches, such 
as the anterior intra-pelvic approach and the pararectal approach, 
as well as the development of new implants that provide better 
anatomical reduction and are easily contourable. This also 
requires the improvement of training for trauma surgeons, 
who should be capable of applying both traditional and new 
approaches in the treatment of acetabular fractures.

Conclusion
The advantages of using a modified Stoppa approach 

include a better cosmetic effect compared to other approaches, 
a reduction in soft tissue injury, a more optimal overview of 
the surgical field. In summary, this study demonstrates that the 
modified Stoppa approach is both safe and efficient for fixing 
acetabulum fractures. Thus, our results confirm the opinion 
that this minimally invasive method represents a valuable 
alternative to the ilioinguinal approach for surgical management 
of acetabulum fractures. All the above determines the prospects 
for further use of low-traumatic access as a method of choice in 
the surgery of fractures of the acetabulum, anterior pelvic ring.
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Introduction
Neonatal respiratory distress syndrome (RDS) 

is a serious breathing problem that primarily affects 
premature babies. This condition occurs when the 
lungs lack sufficient surfactant, a substance essential 
for proper lung function. RDS was first identified in 
1959 and continues to be a significant cause of illness 
and death in newborns [1].

Approximately 1% of all live births are affected by 
RDS, but the risk is significantly higher for premature 

babies. The earlier a baby is born, the greater the risk 
and severity of RDS. For example, around 80% of 
infants born at 28 weeks gestational age develop RDS, 
while this figure rises to nearly 90% for those born at 
24 weeks [2].

Although modern treatment and prevention 
methods, including antenatal corticosteroids, use, 
postnatal exogenous surfactant administration, early 
use of spontaneous continuous positive airway pressure 
in the newborn, have improved the prognosis for 
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Abstract
Objective: To study the structure of concomitant pathologies in low birth 

weight premature newborns with respiratory distress syndrome (RDS). To 
identify mortality risk factors in these newborns.

Materials and methods: Data from 374 premature newborns weighing 
less than 1500 g and gestational age less than 32 weeks with RDS treated in the 
intensive care unit were analyzed.

Results: Several comorbidities were more common among children with 
RDS compared to children without RDS. Thus, disseminated intravascular 
coagulation syndrome (DIC) occurred 2 times, atelectasis 1.3 times, necrotizing 
enterocolitis (NEC) 2.4 times, and anemia 1.8 times more often among children 
with RDS compared to those without RDS.

In multivariate logistic regression, such factors as 1-3 points on the Apgar 
scale at 1 minute (OR - 2.478, 95% CI - 1.289-4.764, p = 0.007), 1-3 points on the 
Apgar scale at 5 minutes ( OR - 3.754, 95% CI - 1.788-7.878, p<0.0001), DIC (OR 
-4.428, 95% CI -2.206-8.887, p<0.0001), NEC (OR - 4.508, 95% CI - 2.270-8.954, 
p<0.0001) showed a positive association with death in children with RDS.

When assessing the effect of the combination of DIC and NEC on death, it 
was found that the combination of these two pathologies in children with RDS 
increases the risk of death by more than 2 times. Thus, the area under the curve 
(AUC) for DIC was 0.283, for NEC the AUC was 0.335, and for the combination 
ICE+NEC it was 0.782).

Conclusions: The structure of comorbidities in low birth weight infants 
with RDS differs from that of infants without RDS. Premature infants with RDS 
were more likely to develop anemia, DIC, atelectasis, and NEC. The presence of 
comorbidities increases the risk of death in low birth weight infants with RDS. 
Low Apgar score, DIC syndrome, and NEC can increase the risk of death in low 
birth weight premature infants with RDS. It is anticipated that the collected 
data will enhance personalized care for low birth weight, premature infants with 
multiple health conditions, ultimately reducing mortality rates in this vulnerable 
patient group.
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neonates with RDS [3], this pathology continues to be one of 
the main causes of neonatal morbidity and mortality, primarily 
among low birth weight preterm infants [4].

Key risk factors for premature infant mortality can be both 
maternal and premature infant factors. Maternal factors include 
maternal age, bad habits, preeclampsia, parity, mode of delivery, 
and maternal complications. Child factors include gestational 
age, congenital anomalies, neonatal infections, and perinatal 
asphyxia [5].

There are several other pathologies also associated with the 
incomplete formation of organs and a decrease in their adaptive 
capabilities to new conditions required at birth. These primarily 
include diseases such as bronchopulmonary dysplasia (BPD), 
diseases of the central nervous system such as intraventricular 
hemorrhage (IVH), periventricular hemorrhagic infarction 
(PVHI), and periventricular leukomalacia (PL), as well as 
retinopathy of prematurity (ROP), necrotizing enterocolitis 
(NEC) and others [6, 7]. It should be noted that some of these 
diseases, in turn, could also cause death in premature newborns.

Currently, the significance of such biomarkers as low birth 
weight, severe prematurity, Apgar values, and some others in 
neonatal mortality has been well studied [8, 9, 10]. However, 
the extent to which the combination of pathologies associated 
with prematurity increases the risk of death in low birth weight 
newborns has not been sufficiently studied.

Objective of the study: to study the structure of 
concomitant pathologies in low birth weight premature newborns 
with respiratory distress syndrome (RDS); to identify mortality 
risk factors in these newborns. 

Materials and method
The study design is an observational retrospective case-

control study. The medical records of 374 premature babies 
weighing less than 1500 grams and born before 32 weeks 
who had respiratory distress syndrome (RDS) in the neonatal 
intensive care unit at the Center for Perinatology and Pediatric 
Cardiac Surgery in Almaty between 2021 and 2023 were studied. 
Clinical data, including Apgar scores, birth weight, gender 
and gestational age were obtained from medical records. The 
presence of complications such as intraventricular hemorrhage, 
atelectasis, DIC syndrome, necrotizing enterocolitis were 
determined based on neonatal intensive care unit (NICU) 
records. Inclusion criteria: premature infants weighing less than 
1500 g, gestational age less than 32 weeks with RDS. Exclusion 
criteria: full-term babies, preterm babies born at 33 weeks or 
later and weighing over 1500 grams without RDS.

Data analysis
Statistical data processing was carried out using IBM SPSS 

Statistics 23.0. Continuous data was presented as mean ± standard 
deviation, while categorical data was presented as percentages 
and counts. The following variables were examined: gender, 
Apgar score at 1 and 5 minutes, presence of intraventricular 
hemorrhage, disseminated intravascular coagulation, atelectasis, 
necrotizing enterocolitis, anemia, and pneumonia. The method 
of contingency tables with χ2 assessment was used to compare 
qualitative variables. A univariate logistic regression was used 
to identify factors associated with death in preterm infants. The 
statistically significant parameters were further analyzed using 
multivariate logistic regression. ROC analysis was carried out 
to assess the prognostic significance of the totality of identified 
factors in the development of death. Differences were considered 
statistically significant at p ≤ 0.05.

Ethical approval
The study was approved by the Ethics Committee of the 

Asfendiyarov Kazakh National Medical University (Min. No. 
8 (144), November 3, 2023). The clinic administration was 
informed of the study, and clinic employees participated in this 
study. The data can be published publicly without any objections.

Results
1.	 Descriptive characteristics of the study group
The main characteristics of the study group are shown in 

Table 1. 

№ Parameters Total number of premature 
babies with RDS (n=374)

1 Gender
female 178 (48%)
male 196 (52%)

2 Weight, (M±m) 1037,32±15,7
3 Gestational age, (M±m) 27,91±0,13
4 Apgar scores at 1 minute

1-3 scores 183 (49%)
4 scores or more  191 (51%)

5
Apgar scores at 5 minutes
1-3 scores 64 (17%)
4 scores or more 310 (83%)

6 Intraventricular hemorrhage (IVH)
yes 176 (47%)
no 198 (53%)

7 Disseminated intravascular coagulation syndrome (DIC 
syndrome)
yes 215 (57%)
no 159 (43%)

8 Atelectasis
yes 209 (56%)
no 165 (44%)

9
Pneumonia
yes 323 (86%)
no 51 (14%)

10
Necrotizing enterocolitis (NEC)
yes 65 (17%)
no 309 (83%)

11
Anemia
yes 166 (44%)
no 208 (56%)

Table 1 Descriptive characteristics of the study group 

In this study, the number of males and females was 
196 (52%) and 178 (48%). The average weight of premature 
newborns was 1037.32 g. The mean gestational age was 27.91 
weeks. 1-3 points on the Apgar score at 1 minute were noted 
in 49% of children. At the same time, at the 5th minute, 1-3 
points on the Apgar score were recorded in 17% of premature 
infants. The presence of IVH and DIC was diagnosed in 47% 
and 57%, respectively. At the same time, in these premature 
infants, atelectasis and pneumonia were detected in 56% and 
86%, respectively. NEC was detected in 17%, and anemia in 
44% of children.

2.	 The structure of concomitant diseases in low birth 
weight premature neonates with RDS

Comparative data on the presence of concomitant diseases 
in premature infants with and without RDS is presented in Table 
2.
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Comparative analysis of premature infant data with and 
without RDS revealed several statistically significant differences 
between the indicators (Table 2). Among children with RDS, DIC 
was 2 times more common than in the group of children without 
RDS. There were 1.3 times more children with atelectasis in the 
group with RDS compared to the group without RDS. In the 
group of children with RDS, the presence of NEC was 17% of 
the total number of the study group, while in the group without 
RDS, there was only 7%. In children with RDS, anemia was 
1.8 times more common compared to children without RDS. No 
differences were found for pneumonia and IVH.

3. Mortality risk factors in low birth weight premature 
infants with RDS

3.1 Comparative analysis of parameters of low birth 
weight newborns with fatal outcome

A comparative analysis of the parameters of low birth 
weight premature infants with fatal outcomes in the presence of 
RDS is presented in Table 3.

№ Parameters RDS presence 
(n=374)

RDS absence
 (n=85)

Р

1 IVH
yes 176 (47%) 45 (53%)  0,328
no  198 (53%) 40 (47%)

2 DIC syndrome
yes 215 (58%)  24 (28%)  <0,0001
no  159 (42%)  61 (72%)

3 Atelectasis
yes  209 (56%)  36 (42%)  0,025
no  165 (44%)  49 (58%)

4 NEC
yes 65 (17%)  7 (8%)  0,037
no 309 (83%) 78 (92%)

5 Anemia
yes 166 (44%) 21 (25%)  <0,0001
no 208 (56%) 64 (75%)

6 Pneumonia
yes 323 (86%) 68 (80%)  0,137no 51 (14%) 17 (20%)

Table 2
Comparative analysis of data from premature 
infants with and without RDS  

№ Parameters Dead premature 
babies
 (n=114)

Surviving 
premature babies 
(n=260)

Р

1 Gender
female 49 (43%) 129 (50%) 0,238
male 65 (57%)  131 (50%)

2 Apgar scores at 1 minute
1-3 scores 91 (80%)  92 (35%) <0,0001
4 scores or 
more

23 (20%)  168 (65%)

3 Apgar scores at 5 minutes
1-3 scores 45 (39%) 19 (7%)  <0,0001
4 scores or 
more

69 (61%) 241 (93%)

4 IVH
yes 71 (62%) 105 (40%) <0,0001
no 43 (38%)  155 (60%)

5 DIC syndrome
yes 100 (88%)  115 (44%) <0,0001
no 14 (12%)  145 (56%)

6 Atelectasis
yes  92 (91%)  117 (44%) <0,0001
no  22 (9%)  143 (56%)

7 NEC
yes 46 (40%)  19 (7%) <0,0001
no 68 (60%)  241 (93%)

8 Anemia
yes 55 (48%) 111 (43%) 0,320
no 59 (52%) 149 (57%)

9 Pneumonia
yes 93 (82%) 230 (88%)

0,074
no 21 (18%) 30 (12%)

Table 3 Comparative analysis of deceased and 
surviving premature infants with RDS  

The number of deceased premature infants, whose 
condition was assessed by the Apgar score at 1-3 points at the 1st 
minute, was 2.3 times higher compared to surviving infants (80% 
versus 35%, p<0.001). At the same time, 1-3 points on the Apgar 
score at the 5th minute were noted 5.6 times more often among 
deceased premature infants (39% versus 7%, p<0.0001). The 
presence of IVH and DIC was also more often recorded among 
deceased infants compared to surviving infants (62% versus 
40%, p<0.0001) and (88% versus 44%, p<0.001), respectively. 
Of the other factors, in the group of deceased children compared 

to the group of surviving children, atelectasis (91% versus 
44%, p<0.001) and NEC (40% versus 7%, p<0.001) were more 
common. Other parameters did not show significant differences.

3.2 Evaluation of the association of low birth weight 
preterm infants’ characteristics with mortality

All the studied factors that showed significant differences 
in the comparative analysis (Table 3) were analyzed in the 
regression analysis to identify their association with the fatal 
outcome. The results are presented in Table 4.

№ Parameters Unadjusted odds ratio, 95% CI p Adjusted odds ratio, 95% CI p

1 Apgar scores at 1 minute
4 scores or more reference reference
1-3 scores 7.225 (4.281-12.193) <0,0001 2,478 (1,289-4,764) 0,007

2 Apgar scores at 5 minutes
4 scores or more reference reference
1-3 scores 8.272 (4.543-15.063) <0,0001 3,754 (1,788-7,878) <0,0001

3 Atelectasis
no reference reference
yes 5.111 (3.022- 8.644) <0,0001 1,803 (0,941-3,455) 0,076

4 DIC syndrome
no reference reference
yes 9.006 (4.891-16.584) <0,0001 4,428 (2,206-8,887) <0,0001

5 NEC
no reference reference
yes 8.581 (4.716 - 15.610) <0,0001 4,508 (2,270-8,954) <0,0001

6 IVH
no reference reference
yes 2.437 (1.550-3.833) <0,0001 1,648 (0,940-2,888) 0,081

Table 4 Evaluation results of the association of low birth weight preterm infants' characteristics with mortality  
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In the univariate logistic regression model, all factors 
showed an association with death: 1-3 points on the Apgar score 
at the 1st minute (OR- 7.225, 95% CI- 4.281-12.193, p<0.0001), 
1-3 points on the Apgar score at the 5th minute (OR- 8.272, 95% 
CI- 4.543-15.063, p<0.0001), atelectasis (OR- 5.111, 95% CI- 
3.022-8.644, p<0.0001), DIC (OR- 9.006, 95% CI- 4.891-16.584, 
p<0.0001), NEC (OR- 8.581, 95% CI 4.716 - 15.610, p<0.0001) 
and IVH (OR – 2.437, 95% CI 1.550-3.833, p<0.0001). 

However, when testing these factors in a multivariate 
logistic regression model, only 1-3 points on the Apgar score at 
the 1st minute (OR - 2.478, 95% CI - 1.289-4.764, p = 0.007), 
1-3 points on the Apgar score at the 5th minute (OR - 3.754, 
95% CI - 1.788-7.878, p < 0.0001), DIC syndrome (OR - 4.428, 
95% CI - 2.206-8.887, p < 0.0001), NEC (OR - 4.508, 95% CI - 
2.270-8.954, p < 0.0001) confirmed the association with a fatal 
outcome in children with RDS.

3.3 Evaluation of the prognostic significance of a set 
of factors for fatal outcome in low birth weight premature 
infants with RDS

A ROC analysis was conducted to identify which factors 
had the highest prognostic value. Acceptable and good area 
under the curve values should be greater than 0.7 [11]. 

The results are presented in Table 5 and Figure 1.

№ Parameters Area under the 
curve

Standard error p

1 DIC syndrome 0,283 0,027 <0,0001
2 NEC 0,335 0.033  <0,0001
3 DIC 

syndrome+NEC 
(Predicted 
probability)

0,782 0.025 <0,0001

Table 5 ROC analysis results 

ROC curves were created to assess how well DIC 
syndrome, NEC, and their combination predicted mortality in 
low birth weight preterm infants with RDS. The area under 
the curve for DIC syndrome was 0.283. At the same time, this 
indicator for NEC was 0.335. The area under the curve for the 
combination of DIC syndrome and NEC was 0.782 (Figure 1).

Figure 1 –  ROC curves for DIC, NEC and their combination for 
predicting mortality in low birth weight preterm infants with 
RDS

Discussion
This study was initiated due to the limited understanding of 

the interplay between respiratory distress syndrome (RDS) and 
other health conditions in premature, low-birth-weight infants, 
and the impact of these comorbidities on mortality rates.

Analysis of the concomitant pathologies structure in low birth 
weight premature newborns with respiratory distress syndrome

It has been found that low birth weight newborns with 
RDS, born at a low gestational age, are characterized by the 
presence of several concomitant diseases. In general, the data 
obtained are consistent with the studies of other authors [12-14]. 

Moreover, the main concomitant pathology in newborns 
both with and without RDS was pneumonia. These data 
indicate the predominant influence of prematurity on the risk of 
developing respiratory pathologies. A significant contributor to 
the high mortality rate among these infants is the requirement 
for mechanical ventilation and other forms of respiratory 
support. This can harm lung tissue [15], worsen RDS, and 
lead to ventilator-induced pneumonia [16]. Surprisingly, when 
newborns who survived were compared to those who didn't, no 
difference was found in the rate of pneumonia. It is believed that 
this is due to improved management and therapeutic strategies, 
which reduce the impact of pneumonia on mortality in this group 
of newborns.

It was also noticed that there were significant differences in 
the structure of concomitant diseases in low birth weight infants 
with and without RDS. Thus, infants with RDS were significantly 
more likely to have such diseases as anemia, DIC, atelectasis, 
and NEC. It is believed that the prevalence of these diseases 
in newborns with RDS is associated with the pathogenesis of 
these pathologies. Thus, the high frequency of anemia in RDS 
can be explained by bidirectional cause-and-effect relationships. 
On the one hand, neonatal anemia is also a consequence of 
prematurity and contributes to the development of hypoxia. In 
turn, hypoxia suppresses the development of epithelial cells 
and contributes to their death, simultaneously reducing the 
production of pulmonary surfactant, thus being a risk factor for 
RDS [17]. On the other hand, respiratory disorders can be a risk 
factor for hemorrhages, which increases the risk of anemia [18]. 
Atelectasis is also often associated with RDS. This is due to the 
similarity of the pathogenesis of these diseases. Both of these 
pathologies are associated with reduced surfactant production 
in premature infants. In addition, invasive respiratory support, 
often necessary for RDS, can contribute to the development of 
atelectasis [19]. 

An interesting feature of the study is the higher incidence 
of NEC in neonates with RDS. Although NEC is an independent 
disease, as is RDS, which is formed as a result of prematurity, 
our data confirm the presence of a multifactorial biological 
connection in critical illnesses, including cross-talk between the 
intestine and the lung, the so-called "lung-gut" axis [20]. As for 
the high incidence of DIC syndrome in RDS, it is hypothesized 
that this is due to the coagulation profile characteristic of 
RDS, which is manifested by hypocoagulation and high 
hyperfibrinolytic potential [21], as well as the birth of children 
with a low score on the Apgar score in the first and fifth minutes, 
which indicates hypoxia and its influence on the development 
of DIC.

Identification mortality risk factors in these newborns
Another objective of this study was to examine risk factors 

for mortality in the context of comorbidities. When analyzing 
risk factors for mortality in the study group, it was found that in 
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addition to the Apgar score, NEC and DIC are also risk factors 
for mortality. Well-studied risk factors for mortality are the 
Apgar score at the first and fifth minute and the use of advanced 
resuscitation after birth. The Apgar score at the first minute 
reflects how well the baby tolerated the birth process, and the 
Apgar score at the fifth minute reflects how well the baby feels 
after birth.

At the same time, it is considered that the identified 
association of NEC and DIC on mortality in neonates with RDS 
reflects their impact on mortality in preterm infants in general, 
and is not a feature of infants with RDS. In particular, NEC is 
the leading cause of death due to gastrointestinal diseases in 
preterm infants, affecting 5-12% of neonates born with very 
low birth weight. Moreover, mortality rates among newborns 
who require surgical intervention are estimated at 20–30% [22]. 
DIC is also a serious complication of the neonatal period in 
low birth weight infants and can either develop independently 
or be a manifestation of NEC in severe cases [23]. Considering 
that both DIC and NEC were more common in newborns with 
RDS and were identified as risk factors for death, the role of 
the synergistic effect of these two pathologies on mortality in 
such children was analyzed. It was found that the combination 
of these two pathologies increases the risk of death by two times.

This study differs from other similar studies in that it 
examines a specific population of extremely preterm infants 
born before 32 weeks, classified as extremely low birth weight 
(ELBW) and very low birth weight (VLBW) infants, without 
controlling for factors such as weight and gestational age, the 
effects of which have already been widely studied in previous 
studies. Moreover, the influence of concomitant pathologies, as 
well as their combination, on the lethal outcome in this category 
of newborns was studied.

Thus, in addition to previously studied factors such as low 
birth weight and gestational age, it was found that in the group of 
low birth weight premature infants with RDS, a combination of 
DIC syndrome and NEC made a significant contribution to the 
development of a fatal outcome.

A weakness of the study is the lack of analysis of 
the influence of social and maternal factors on the studied 
characteristics of newborns. In the future, we plan to conduct 
such an analysis. Also, the results of this study are specific 
to premature infants weighing less than 1500 g and with a 
gestational age of less than 32 weeks, and therefore cannot be 

applied to other categories of newborns.
The study's strength is its ability to assess how the 

interplay of different health conditions influences mortality 
rates in extremely premature infants with respiratory distress 
syndrome. It is thought that our findings will contribute to lower 
mortality rates in low-birth-weight premature infants with RDS. 
By understanding the structure of concomitant pathologies and 
identifying mortality risk factors in preterm infants with RDS 
has direct implications for clinical decision-making and patient 
care. 

Conclusion
The structure of comorbidities in low birth weight infants 

with RDS differs from that of infants without RDS. Premature 
infants with RDS were more likely to develop anemia, DIC, 
atelectasis, and NEC.

The presence of comorbidities increases the risk of death 
in low birth weight infants with RDS. Low Apgar score, DIC 
syndrome, and NEC can increase the risk of death in low birth 
weight premature infants with RDS. 

It is anticipated that the collected data will enhance 
personalized care for low birth weight, premature infants with 
multiple health conditions, ultimately reducing mortality rates 
in this vulnerable patient group.
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Introduction
In osteoporosis (OP), a systemic skeletal disorder, 

decreased bone density and degradation within the bone 
micro-architecture contribute to an increased fragile 
nature and a higher risk of fractures [1]. Based on the 
cause, it is divided into primary and secondary OP.

Primary OP consists of type 1 (postmenopausal) 
and type 2 (senile) OP. The biochemical phenomenon 
known as postmenopausal osteoporosis (OP) is typified 
by low bone mass and weakened microarchitecture as a 

result of the estrogens' no longer having a direct influence 
on osteoclasts [2]. Secondary OP is caused by a variety 
of disorders or medication use. Changes in lifestyle, 
genetic diseases, hypogonadal conditions, endocrine 
diseases, gastrointestinal diseases, hematological 
diseases, rheumatological and autoimmune diseases, 
neurological and musculoskeletal system difficulties, 
smoking and alcohol use, weight loss, and drugs 
(aromatase inhibitors, chemotherapeutics, etc.) are all 
potential causes [3].
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Menopause causes rapid bone loss. Women may experience 
a loss up to 30% of their bone density over the first five years 
after menopause if estrogen is not present. Some chemotherapy 
agents used in breast cancer patients develop premature 
menopauses as well as elevate the possibility of osteoporotic 
fractures in these patients at early ages [4,5]. 

Bone mineral density (BMD), Z- and T-scores were all low 
in breast cancer patients, whereas the proportion of bone loss 
and osteoporosis were high [6]. 

As a consequence of this, according to current National 
Comprehensive Cancer Network guidelines, women receiving 
aromatase inhibitor (AI) treatment for breast cancer should have 
their BMD monitored with a baseline scan and then on a regular 
basis after that [7].

No research has been done to compare the efficacy of 
osteoporosis treatment in individuals with a history of breast 
cancer with those who have not. The focus of this study was 
to look into how BMD levels were affected by radiotherapy, 
chemotherapy, and breast cancer history both before and one 
year after osteoporosis treatment. 

Materials and methods
Study design
This study was conducted after obtaining approval 

(Protocol No. P202300018 dated 31.03.2023) in the format 
required by the clinical research ethics committee of the local 
institute and under the principles set forth in the declaration 
of Helsinki. The study procedure was clarified to those who 
participated, and their written informed consent was collected in 
the manner mandated by the local institute's ethical committee.

This is a retrospective case-control study included 32 
patients with breast cancer and a control group of 33 age-
matched patients with osteoporosis, totaling 65 female cases. 
The records of 65 female patients who were followed up in 
the physical medicine and rehabilitation outpatient clinic were 
diagnosed with postmenopausal OP for the first time by lumbar 
and/or femoral neck BMD scanning were evaluated.

Stable breast cancer and OP patients who have a history 
of chemotherapy and/or radiotherapy but have not received 
chemotherapy and/or radiotherapy in the last 5 years, group 1 
(n=32, patient group), those with OP diagnosis compatible with 
age and body mass index, group 2 (n=33, control group) were 
included in the study. Patients under 50 years of age, who had an 
additional disease other than a cancer history or were diagnosed 
with an additional disease during follow-up, were using irregular 
medication and were excluded from the study.

Demographics and Disease Characteristics
Demographic characteristics, total lumbar and femoral 

neck BMD levels, and biochemical parameters of all patients 
were recorded. Patients were questioned whether they had 
suffered a fracture or not.

The cancer stage of the patients with a history of cancer 
is presented in Table 1 with TNM (tumor, lymph node, 
metastasis) staging [8]. Oestrogen positivity, chemotherapy, and 
radiotherapy histories were questioned.

BMD measurements were conducted by a dual-energy 
x-ray absorptiometry (DEXA) instrument. Lumbar spine (L1-
L4) total score and hip region (femoral neck), T-scores, and 
serum biochemical parameters measured according to standard 
protocols were recorded (T0). In all patient groups, 1200 mg 
calcium carbonate and vitamin D3 were administered along with 
alendronate (70 mg/wk) to correct the existing hypocalcemia 
and prevent hypocalcemia during treatment. Patients who 

Stage Notes
Stage 0 This N0 M0
Stage 1
1a
1b

Tmic N0 M0/T1 N0 M0
T0 Nmic M0/Tmic Nmic M0/T1 Nmic M0

Stage 2
2a
2b

T0 N1 M0/T1 N1 M0/T2 N0 M0
T2 N1 M0/T3 N0 M0

Stage 3
3a
3b
3c

T0 N2 M0/T1 N2 M0/T2 N2 M0/T3 N1 M0/T3 N2 M0
T4 N0 M0/T4 N1 M0/T4 N2 M0
T1-4 N3 M0

Stage 4 Any T, Any N, M1
T: tumor, N: regional lymph nodes, M: metastasis, is: in situ, mic: micro invasion

Table 1 TNM staging of breast cancer

attended regular check-ups and continued their medication were 
included. The (T1) values of the patients at the end of the first 
year were recorded. 

Statistical analysis
It was found that 28 patients would be enough for each 

group to produce a power of 80% with a significance of 0.05, 
provided an effect size of 0.4 (Cohen’s d) for the sample size. 
With a 10% standard deviation, the effect size was computed to 
find a 10% variation in the DEXA screening recommendation. 

The Statistical Package for Social Sciences (SPSS) 22.0 
for Windows was used to analyze the data. In descriptive 
statistics, data were expressed as median (25%-75% quartile 
range) for continuous variables, frequency, and percentage 
(%) for nominal variables. Normality was evaluated with the 
Kolmogorov-Smirnov test. None of the continuous variables 
were normally distributed. The Wilcoxon Signed Rank test was 
utilized to assess statistically significant variations in the group's 
repeated measurements. Statistically, the difference between the 
groups was evaluated with the Mann-Whitney-U test. p<0.05 
scores were considered significant.

Results
The median age of the patient group was 58.2 years, 

whereas that of the control group was 57.6 years (p=0.182). The 
patient group's body mass index (BMI) was 29.5 kg/m2, while 
that of the control group was 29.7 kg/m2 (p=0.895). The patient 
and control groups shared similar demographic features. No 
fractures occurred in either patient group.

Patient Group (n=32) 
n (%), 
Median
(%25-%75 quartile range)

Number of patients receiving 
chemotherapy

32 (100)

Number of patients receiving 
radiotherapy

13 (40.6)

Number of patients who 
underwent surgery

32 (100)

Affected breast
Right
Left
Bilateral

19 (59.4)
13 (40.6)
0

Stage
1a
2a
2b
3a

7 (21.9)
8 (25.0)
9 (28.1)
8 (25.0)

Untreated time (years) 7.28 (5.12-8.25)

Table 2 Disease characteristics of patients with breast 
cancer: 
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All of the patients had received chemotherapy after 
surgery and were estrogen receptor-positive (n=32, 100%). The 
characteristics of the disease are presented in Table 2.

In terms of pre-treatment parameters between the groups, 
the patient group had lower serum Ca levels and a lower 
femoral neck T-score than the control group (p=0.038, p=0.007, 
respectively). In the first year, the two groups' results did not 
differ from one another (p>0.05), but when the change within the 
group was examined, the increase in the femoral neck T-score and 
serum Ca levels was significant in the patient group (p=0.027, 
p=0.001, respectively), while the change in the control group 
was not significant (p>0.05) (Tables 3-5). 

The pre- and post-treatment evaluation results of the 
patients who had radiotherapy (n=13) and those who did not 
receive radiotherapy (n=19) are presented in Table 6.

The femoral neck BMD levels in the patients who 
underwent radiotherapy were lower at the beginning and after 
the treatment than the patients who did not receive radiotherapy 
(p=0.021, p=0.024, respectively), and the post-treatment 
recovery was not different (p>0.05) (Table 6).

Discussion
In our study, the effect of breast cancer history and bone 

mineral density (BMD) on postmenopausal osteoporosis (OP) 
treatment was investigated.

Parameter
Patient Group(n=32)
Median 
(%25-%75 
quartile range)

Control Group (n=33)
Median 
(%25-%75 
quartile range)

p

L1-4 total T score -2.90 (-3.50_-1.95) -2.80 (-3.12_-2.01) 0.171
Femur neck T score -2.85 (-3.45_-2.10) -2.15 (-2.92_-1.90) 0.038
Serum Ca (mg/dl) 7.10 (6.70-9.12) 9.80 (8.80-.11.15) 0.007
Serum P (mg/dl) 3.45 (2.85-4.40) 3.20 (2.91-3.98) 0.092
Serum ALP (U/l) 47.30 (31.15-94.22) 46.50 (34.15-97.24) 0.134
Serum PTH (ng/L) 28.12 (17.60-56.22) 26.20 (19.25-57.18) 0.592
Serum calcidiol (ng/mL) 21.18 (17.20-26.30) 23.45 (18.35-32.64) 0.357
Serum osteocalcin(µg/L) 9.60 (6.58-12.65) 8.85 (7.78-11.72) 0.172

 BMD: Bone mineral density, Ca: calcium, P: phosphorus ALP: alkaline 
phosphatase, PTH: parathormone

Table 3 Comparison of pretreatment (T0) BMD and biochemical parameters of the groups

BMD: Bone mineral density, Ca: calcium, P: phosphorus ALP: alkaline 
phosphatase, PTH: parathormone

Parameters

Patient Group(n=32)
Median 
(%25-%75 
quartile range)

Control Group (n=33)
Median 
(%25-%75 
quartile range)

p

Total lumbar (L1-4) T score -2.60 (-3.32_-1.12) -2.50 (-3.00_-1.92) 0.532
Total femoral neck T score -2.05 (-3.01_-1.54) -2.08 (-2.97_-2.06) 0.427
Serum Ca (mg/dl) 9.80 (8.62-11.38) 9.90 (8.70-11.15) 0.918
Serum P (mg/dl) 3.60 (2.92-4.32) 3.50 (3.04-4.25) 0.134
Serum ALP (U/l) 46.50 (21.12-98.24) 47.10 (27.18-96.44) 0.262
Serum PTH (ng/L) 28.21 (18.72-60.15) 26.95 (21.35-58.32) 0.098
Serum Calcidiol (ng/mL) 22.48(18.61-32.78) 22.50 (19.61-35.44) 0.699
Serum Osteocalcin (µg/L) 9.62 (7.76-11.28) 9.15 (7.92-11.05) 0.128

Table 4 Comparison of BMD and biochemical parameters of the groups at the 1st year of treatment (T1)

Ca: calcium, P: phosphate, ALP: alkaline phosphatase, PTH: parathormone

Parameters

Patient Group(n=32)
Median 
(%25-%75 quartile range)

Control Group (n=33)
Median 
(%25-%75 quartile range)

p

Total lumbar (L1-4) T score 0.30 (0.18-0.80) 0.21 (0.16-0.69) 0.589
Total femoral neck T score 0.68 (0.37-0.80) 0.10 (-0.21-0.52) 0.027
Serum Ca (mg/dl) 2.26 (1.77_2.85) 0.0 (-0.10_0.10) 0.001
Serum P (mg/dl) 0.17 (-0.08-0.25) 0.25 (0.13-0.32) 0.253
Serum ALP (U/l) -0.80 (-6.97-0.60) -0.80 (-10.03-4.02) 0.940
Serum PTH (ng/L) 1.12 (0.09-3.93) 1.14 (0.75-2.10) 0.637
Serum Calcidiol (ng/mL) 1.41 (1.30-6.48) 1.29 (-0.95-2.80) 0.076
Serum Osteocalcin (µg/L) 0.02 (-1.37-1.18) 0.14 (-0.67-0.30) 0.154

Table 5 Comparison of treatment changes in patient and control groups
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Before treatment, femoral neck T-score and serum Ca 
levels were lower in the patient group than in the control group. 
There was no difference between groups for the first year, but 
when the change within a group was examined, only the patient 
group showed a significant increase in femoral neck T-score 
and serum Ca levels. Patients who received radiotherapy had 
lower femoral neck BMD levels before and after treatment than 
those who did not receive radiotherapy, and the post-treatment 
recovery was not different.

OP and breast cancer are prevalent diseases that affect 
people of similar ages in the postmenopausal period. This means 
that the primary risk factor for OP is estrogen deficiency while 
excess estrogen after menopause is considered to be the key risk 
factor for breast cancer [9]. 

Bisphosphonate therapy improves BMD in postmenopausal 
women using AI and premenopausal women with breast cancer 
who become amenorrheic throughout treatment, according to 
randomized, placebo-controlled clinical trials [10]. 

Bisphosphonates are the current gold standard for oral 
therapeutics in osteoporosis [11]. 

In our study, similar results were obtained at the end of the 
treatment between the patients diagnosed with osteoporosis and 
regardless of their history of breast cancer, and the patients who 
received and did not receive RT as a subgroup analysis. 

In a study monitoring breast cancer patients scheduled for 
cytotoxic chemotherapy were assessed by measuring BMD in 
the 6th month before the start of chemotherapy, the percentage 
decreases in BMD in the lumbar spine, femoral neck and total hip 
were found to be   − 2,36 ± 2,90, − 2,63 ± 3,79 and  − 2,08 ± 2,80, 
respectively [12].

In our study, the patient group had lower femoral neck 
T-scores and serum Ca levels before treatment. This implies that 
BMD measures are impacted by breast cancer therapy. In the 
literature, which supports our hypothesis, BMD was assessed 
before starting AI treatment and at the 6th month of treatment 
in 45 patients included in a study by Erbag et al. [13] Femoral 
T-scores and BMD levels significantly decreased in the analysis 
of the patients with two measurement findings. In the analysis of 
the patients with two measurement results, a significant decrease 
was found in the femoral T-score and BMD values. When the 
lumbar vertebra T-scores of the patients were compared, it was 
found that the second measured vertebra T-score, Z-score, and 
BMD values were significantly lower. Based on these findings, 
it has been shown that AI treatment significantly affects BMD 
even in the first 6 months [13].

Following treatment, our study found no differences 
between the two groups. There was a significant increase in 
femoral neck T-score and serum calcium levels in the patient 
group after 1 year of treatment, but the control group did not 
experience any notable changes. Similarly in the literature, in 
a 2-year randomized double-blind placebo-controlled study by 
Greenspan et al. [14,15] weekly oral risedronate therapy was 
found to be beneficial for spine and hip BMD in postmenopausal 
breast cancer women with or without AI therapy.

In breast cancer, RT can be applied to the breast after breast-
conserving surgery, to the chest wall, and regional lymph nodes 
after mastectomy. RT is used as palliative treatment in metastatic 
breast cancer [16]. Radiation-related bone complications include 
malignancy, fractures, growth arrest, and osteopenia. Certain 
complications, including osteopenia, can be reversed, and the 

Parameters
Administered RT (n=13)
Median 
(%25-%75 quartile range)

No RT (n=19)
Median 
(%25-%75 quartile range)

    P

T0 T1 T0 T1 P* P# P&

Total lumbar (L1-4) 
T score

-3.05
(-3.50_-2.31)

-2.75
(-3.32_-2.15)

-2.82
(-3.21_-1.95)

-2.57
(-2.80_-1.12) 0.246 0.392 0.308

Total femoral neck 
T score

-3.05
(-3.45_-2.32)

-2.38
(-3.01_-1.91)

-2.75
(-2.98_-2.10)

-1.81
(-2.56_-1.54) 0.024 0.021 0.127

Serum Ca (mg/dl) 7.05
(6.70-8.50)

9.72 
(8.62-10.30)

7.24
(6.90-9.12)

9.95
(9.17-11.38) 0.542 0.724 0.361

Serum P (mg/dl) 3.30
(2.85-3.47)

3.45 
(2.92-4.01)

3.55
(3.27-4.40)

3.75
(3.18-4.32) 0.458 0.337 0.872

Serum ALP (U/l) 46.65
(31.15-84.50)

45.58
(21.12-86.77)

48.27
(40.26-94.22)

47.63
(42.60-98.24) 0.265 0.185 0.644

Serum PTH (ng/L) 26.57
(17.60-48.67)

27.14
(18.72-58.21)

29.21
(20.15-56.22)

29.34
(24.21-60.15) 0.282 0.894 0.102

Serum Calcidiol 
(ng/mL)

19.11
(17.20-20.12)

21.33
(18.61-25.52)

22.25
(19.18-26.30)

24.15
(20.05-32.78) 0.169 0.203 0.836

Serum Osteocalcin 
(µg/L)

9.58
(6.58-10.05)

9.55
(7.76-10.28)

9.74
(7.21-12.65)

9.71
(8.85-11.28) 0.326 0.181 0.753

Ca: calcium, P: phosphate, ALP: alkaline phosphatase, PTH: parathormone
*: p value between groups before treatment

#: p value between groups at the 1st year of treatment

&: p value between groups for change with treatment

Table 6 Pretreatment (T0) and 1st year (T1) results of patients who received and did not receive radiotherapy (RT).
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degree of these complications varies with dosage. After radiation 
therapy, insufficiency fractures are common complications that 
typically affect bones with the highest trabecular/cortical bone 
ratio and the highest physiological stress [17]. It has been 
reported that besides causing bone atrophy, radiotherapy can 
have a direct effect on the bone in the irradiated area and affect 
bone vascularity by changing it [18].

In our study, patients who received RT at baseline and 
afterward had lower femoral neck than those who did not receive 
RT. Recovery with treatment was also not different from the 
control group. That is, in our study, we see the negative effect 
of RT on bone, but the fact that treatment and recovery were not 
different between the two groups emerged as a pleasing result.

The fact that the BMD values before the cancer history 
were not known can be considered a limitation. 

Conclusion
This study demonstrated the success of osteoporosis 

treatment in patients with a previous diagnosis of breast cancer. 
Patients with breast cancer must be screened for osteoporosis 
and treated accordingly.
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Introduction
Bone cysts (CC) are benign neoplasms that occur 

in bone tissue. They are most common in children (85% 
of cases) aged 5 to 15 years. CC ranks third in frequency 
of occurrence among all primary bone formations. The 
lesion can develop in any bone of the skeleton, but most 
often CC is localized in the proximal humerus (more than 
50%) and femoral (25%) bones [2].

Despite the fact that several theories have been 
proposed to explain the development of bone cysts, the 
exact causes of their occurrence have not been fully 
studied. 

Although bone cysts are usually benign, they can 
cause pain, bone deformity, and even fractures. In some 
cases, cysts can degenerate into malignant tumors.

Also, complications of this pathology are pain, bone 
deformity, and pathological fractures [15].

The only effective method of treating a bone 
cyst is surgical treatment. The most proven method is 
curettage of the cavity or radical excision of the cyst with 
replacement of the resulting defect. To date, the choice 
of material for bone grafting is extensive. Thanks to the 
ongoing research, the scientific community is offering 
more and more innovative, affordable, easy-to-use and 
effective materials for filling bone defects. Thus, one of 

the fairly developed areas in this field is the use of additive 
technologies in preoperative planning and modeling of 
bone defects.Modern 3D modeling capabilities in the 
arsenal of orthopedists make it possible to get a detailed 
idea of the structure and location of the cyst. This helps 
to plan a more accurate and less invasive operation [17].

The use of 3D-printed navigation templates and 
implants makes it possible to improve the accuracy 
and safety of the operation, as well as reduce the time 
of its implementation, which has a positive effect on the 
outcome of treatment due to a reduction in the surgical 
load and complete anatomical bone restoration [14]. Such 
technologies have been actively used over the past 10 
years in many countries, including Russia [3]. The novelty 
of the research is due to the variety of software tools and 
the variety of materials used in additive technologies, as 
well as various applications of 3D modeling in operational 
techniques.

As part of this work, preoperative planning and 
modeling of a bone cyst of the upper third of the humerus 
of a 13-year-old patient was carried out using 3D-Slicer 
and Rhinoceros programs.

According to the information available to us, there 
has never been a study using this software in 3D modeling 
of bone cysts.
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Abstract
Objective: To study the possibilities of using 3D technology in preoperative 

planning and surgical treatment for solitary bone cyst.
Methods. As part of this work, a 3D model of a solitary cyst of the proximal 

humerus of a 14-year-old teenager was formed  based on CT scans for  printing a 
bone defect sample on a 3D printer. 

Results. During processing, 3D slicer, 3D paint and Rhinoceros programs 
were used to create a virtual bone model and edit it further. Printing was done 
using ABS plastic and thermoplastic polyurethane using the FDM method. 
A comparison of the samples was made, taking into account the necessary 
characteristics for future filling of the model with bone plastic material and 
formation of an individualized graft. 

Conclusion. The results of the study showed the feasibility and simplicity 
of the technique for creating and printing 3D bone models. This method can be 
fully utilized to create customized grafts that are identical in shape to the bone 
cyst.
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The purpose of this study is to explore the possibilities 
of using 3D technologies in preoperative planning and surgical 
treatment of solitary bone cysts.

This work is part of a study on the development and 
application of bone-plastic material with the addition of bone 
allograft, prepared using the Marburg bone bank technology. 
This type of allograft was chosen due to its proven clinical 
effectiveness both in emergency traumatological operations with 
a bone defect and in orthopedic restoration of bone integrity [1].

As part of this work, it is extremely important to obtain 
a detailed impression of the inner wall of the cyst in order to 
further fill the model with bone-plastic material and form a so-
called primary bone filling. In the future, it is planned to develop 
a method for the surgical treatment of bone defects using pre-
prepared bone fillings.

Materials and methods
We conducted a simulation of a solitary cyst of the 

proximal humerus of a 13-year-old patient.From the patient's 
medical history, the symptoms of the cyst were not noted, 
and therefore the initial diagnosis of the cyst occurred with 
a pathological fracture, which was noted a year before the 
treatment. After consolidation of the fracture, surgical treatment 
of the bone cyst in the volume of scraping the walls and filling 
the cyst with bone allograft was carried out as planned. During a 
follow-up examination, a recurrence of the cyst was noted a year 
later. Based on the CT scan of the shoulder joint at the time of 
diagnosis of recurrence, it was decided to simulate a cyst. The 
3DSlicer program, version 5.6.2, was used for this purpose.

The 3D Slicer used in this study is a free, open source 
medical image processing software that works seamlessly on a 
personal computer and is compatible with various systems[8]. It 
allows you to significantly reduce the cost of medical services 
and is convenient for use in clinical research.

The first version of Slicer software was presented by David 
Goering in 1999 as part of his master's thesis at the Massachusetts 
Institute of Technology [9] It was based on the developments of 
MIT research groups and the Laboratory of Surgical Planning 
(SPL) [11]. Later, Steve Piper became the chief architect of the 
project and led its transformation into a full-fledged software 
package.

Since 1999, Slicer has been continuously developing under 
the leadership of Ron Kikinis in the SPL. Today, professional 
engineers, algorithm developers and scientists from various 
fields are working on its creation. IsomicsInc., Kitware Inc. 
and GE Global Research are also involved in the development 
process, as well as the Slicer user community.

Slicer was originally conceived as a system of neurosurgical 
guidance, visualization and analysis [9, 16]. Over the past 
decade, it has evolved into an integrated platform that is used 
in various clinical and preclinical studies, as well as for image 
analysis unrelated to medicine [11].

The initial processing was carried out in the Paint 3D 
application, as in the most accessible and widespread software 
for working with 3D models.

Paint 3D is a raster graphics editor and a program for 3D 
modeling and printing, introduced in the Windows 10 Creators 
Update. Designed by LIFT London Studio. Paint 3D includes 
the functions of the Microsoft Paint and 3D Builder applications, 
combining an easy hybrid 2D-3D editing method that allows 
users to select various shapes from the application, their personal 
computer [13].

With the help of this program, the cyst model was divided 
into two halves for ease of printing and further filling it as a 
mold for possible plastic materials based on bone allograft, and 

the dimensions were changed identically to the CT study data.
Subsequent processing was carried out in the Rhino® 

program (V 6.0 SR 23, Robert McNeel&Associates) - 
engineering software for 3D reconstruction of surfaces.

It is mainly used in industrial design, architecture, ship 
design, jewelry and automotive design, CAD/CAM design, 
rapid prototyping, reverse engineering, as well as multimedia 
and graphic design.

The model created in Rhino demonstrates NURBS surfaces 
(Flamingo rendering).

Rhino specializes in NURBS modeling. Plugins developed 
by McNeel include Flamingo (retrace rendering), Penguin 
(non-photorealistic rendering), Bongo (animation) and Brazil 
(complex rendering). There are over a thousand third-party 
plugins for Rhino. As with many other modeling programs, 
Rhino has its own scripting language based on Visual Basic, and 
the SDK allows you to read and write files directly [10].

Results
CT images in DICOM format were used in the simulation. 

The dimensions of the inner walls of the cyst are shown in 
Figure 1. 

Figure 1 –  Dimensions of the inner walls of the cyst on CT scans

Figure 2–  Screenshot of working in 3D Slicer

Using the Thresholding tool from the Segment Editor set, 
the bone part of the images was selected directly. The presence 
of this tool helped to quickly separate the soft tissues that 
are not applicable for research on all layers, creating a three-
dimensional model of all the bones available on the slices. The 
result is shown in Figure 2.

Next, using the Scissors tool from the same set, the scapula, 
clavicle and ribs, as well as the distal humerus, were isolated and 
removed. Thus, a 3D model of the proximal humerus with an 
existing cyst was obtained, which was exported in stl format. For 
greater printing convenience, the resulting sample was divided 
longitudinally into two parts in the Paint 3D program. The result 
is shown in Figure 3.
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This model was printed by FDM printing on a commercial 
basis in the company "3DStudio" with white ABS plastic. The 
result is shown in Figure 4.

Figure 4 –  Printed 3D model. ABS, FDM printing

Figure 5 –  Printed 3D model. Thermopolyuretan, FDM printing

Figure 3 –  3D model of the proximal humerus

As you can see, the printed model is well suited as a training 
material and as a sample for preoperative planning. However, 
for filling the mold with bone plastic material, it cannot be called 
successful due to the difficulties with filling voids and holes 
formed during the printing of growth zones. Thus, there was 
definitely a need for further processing with a detailed isolation 
of the cyst cavity itself and its separation from the cavities of the 
growth zones where possible.

In this connection, further, also on a commercial basis, the 
post-processing of the model in the Rhinoceros program was 
carried out by 3DStudio with further printing by FDM printing 
with PLA plastic.  Due to the characteristics of the selected 
material, the sample turned out to be more flexible, easily 
removed from the frozen biocomposite without violating the 
integrity of the structure, preserving all the details of the inner 
surface of the bone cavity. The visually printed model is shown 
in Figure 5.

Discussion
In this case, the demonstrative effectiveness of the proposed 

method is clearly visible.The resulting sample reflected all the 
irregularities and protrusions of the inner wall of the cyst, which, 
in fact, was a cast of the inner cavity of the cyst. The possibilities 
of visualization, analysis and processing of CT images available 
to orthopedists with the transformation of the latter into a 3D 
model are also clearly demonstrated. 

However, given the young age of the patient and the 
presence of growth zones, the resulting sample is not suitable 
for the manufacture of adequate replacement material during 
preoperative planning.

It should be noted here that more detailed processing is 
possible only in 3D engineering design programs that require 
additional skills. This may be a difficulty for orthopedists 
planning surgical treatment with further filling with bone-plastic 
material or any similar technique involving the formation of a 
kind of "bone filling".

Despite this, the primary printed sample of a bone cyst 
is quite suitable for practicing the technique of scraping the 
walls of the cyst or completely removing the necessary area 
with the formation of individual tools and templates. Prepared 
guide templates are used to resect the required area both in the 
recipient's bone and in the donor allograft. This technique is 
quite actively used in Europe [5, 12, 4] and in mainland China 
[18, 7, 6]. The authors also note the disadvantages of the chosen 
technique, such as a large traumatization of the patient during 
surgery, a long period of rehabilitation, the need for a large 
amount of donor material and premature lysis of the allograft, 
leading to instability and rejection of the transplanted area.

The technology we have in development eliminates the 
above disadvantages due to the fact that the filling of the scraped 
cyst cavity occurs evenly, without damage to the cortical bone. 
The presence of an additional adhesive in the bone-plastic 
material makes it possible to solve the issue of early lysis of 
allograft. To date, in parallel with the work described above, a 
search is being carried out for a suitable adhesive composite and 
its optimal concentration in combination with bone allograft for 
sufficient stimulation of bone resorption. 

Conclusions
The results of the work have shown the accessibility and 

simplicity of the technique of forming and printing 3D models 
of bone defects in the preoperative planning of their surgical 
treatment. This technique can be fully used to form customized 
grafts identical in shape to a bone cyst. This technique aims to 
obtain a negative bone cavity with a detailed repetition of the 
irregularities of the inner wall and volume of the cavity for 
the preoperative formation of a positive bone cyst from the 
original biocomposite. This study requires further work in terms 
of finding the optimal composition of the biocomposite and 
preclinical studies.

Author Contributions: Conceptualization, B. T.; 
methodology, B. T.; validation, B. M.; formal analysis, B. M.; 
investigation, B. M.; resources, not applicable; data curation, B. 
M.; writing – original draft preparation, B. M.; writing – review 
and editing, A. K; visualization, B. M.; supervision, B. T.; 
project administration, B. T.; funding acquisition, not applicable. 
All authors have read and agreed to the published version of the 
manuscript.

Disclosures: There is no conflict of interest for all authors.

Acknowledgements: None.

Funding: None.



94
Journal of Clinical Medicine of Kazakhstan: 2024 Volume 21, Issue 6

References 
1.	 Arutjunjan MG. Zagotovka kostnogo allografta i ego primenenie v Respublike Kazahstan. In: Aktual'nye voprosy tkanevoj i kletochnoj 

transplantologii : Sbornik tezisov VII Vserossijskogo simpoziuma s mezhdunarodnym uchastiem, Astrahan', 27–28 aprelja 2017 goda 
[In Russian]. Astrahan: Astrahanskij gosudarstvennyj medicinskij universitet, 2017. P. 8–10.

2.	 Hotim OA. Sostojanie kostnoj tkani u detej s kostnymi kistami. In: Dostizhenija sovremennogo sestrinskogo dvizhenija i praktiki : sbornik 
materialov k 30-letiju vysshego sestrinskogo obrazovanija v Respublike Belarus [In Russian]. Grodno: Grodnenskij gosudarstvennyj 
medicinskij universitet, 2022. P. 139–141.

3.	 Jarikov AV, Gorbatov RO, Denisov AA, Smirnov II, Fraerman AP, Sosnin AG, Perl'mutter OA, Kalinkin AA. Primenenie additivnyh 
tehnologij 3d-pechati v nejrohirurgii, vertebrologii, travmatologii i ortopedii [In Russian]. Klinicheskaja praktika. 2021; 12(1): 90–104. 
https://doi.org/10.17816/clinpract64944.

4.	 Alessandri G, Frizziero L, Santi GM, Liverani A, Dallari D, Vivarelli L, Di Gennaro GL, Antonioli D, Menozzi GC, Depaoli A, Rocca 
G, Trisolino G. Virtual Surgical Planning, 3D-Printing and Customized Bone Allograft for Acute Correction of Severe Genu Varum in 
Children. Journal Of Personalized Medicine. 2022; 12(12): 2051. https://doi.org/10.3390/jpm12122051. 

5.	 Ardente DF, Fusaro FM, Abad MP, Soldado F, Coll JQ. The utilization of computer planning and 3D-printed guide in the surgical 
management of a reverse Hill-Sachs lesion. JSES Int. 2020; 4(3): 569–573. https://doi.org/10.1016/j.jseint.2020.04.013. 

6.	 Chen CJ, Brien EW. Early postoperative compilations of bone filling in curettage defects. Journal of Orthopaedic Surgery and 
Research. 2019; 4(1): 261. https://doi.org/10.1186/s13018-019-1297-4.

7.	 Dong C, Beglinger I, Krieg AH. Personalized 3D-printed guide in malignant bone tumor resection and following reconstruction-17 cases 
in pelvic and extremities. Surgical Oncology-Oxford. 2022; 42: 101733. https://doi.org/10.1016/j.suronc.2022.101733.

8.	 Fedorov A, Beichel R, Kalpathy-Cramer J, Finet J, Fillion-Robin JC, Pujol S, Bauer C, Jennings D, Fennessy F, Sonka M, Buatti J, 
Aylward S, Miller JV, Pieper S, Kikinis R. 3D Slicer as an image computing platform for the Quantitative Imaging Network. Magnetic 
Resonance Imaging. 2012; 30(9): 1323–1341. https://doi.org/10.1016/j.mri.2012.05.001. 

9.	 Gering DT. A system for surgical planning and guidance using image fusion and interventional. Thesis (S.M.). Cambridge: Massachusetts 
Institute of Technology, Dept. of Electrical Engineering and Computer Science, 2000.

10.	 10.	Gould L. 3D Modeling and Rendering for the Rest of Us – 2017. https://web.archive.org/web/20090709092144/.
11.	 11.	Grimson E, Leventon M, Ettinger G, Chabrerie A, Ozlen F, Nakajima S, Atsumi H, Kikinis R, Black P. Clinical experience with 

a high precision image-guided neurosurgery sy. Medical Image Computing and Computer-Assisted Intervention. In: Medical Image 
Computing and Computer-Assisted Intervention – MICCAI 1998. Lecture Notes in Computer Science, vol. 1496. Berlin: Springer, 
Heidelberg, 1998. https://doi.org/10.1007/BFb0056188.

12.	 Huotilainen E, Salmi M, Lindahl J. Three-dimensional printed surgical templates for fresh cadaveric osteochondral allograft surgery 
with dimension verification by multivariate computed tomography analysis. Knee. 2019; 26(4): 923–932. https://doi.org/10.1016/j.
knee.2019.05.007.

13.	 Iizuka K. Welcome to the Wonderful World of 3D. Optics and Photonics News. 2007; 18(2): 24–29.
14.	 Meng M, Wang J, Sun T, Zhang W, Zhang J, Shu L, Li Zh. Clinical applications and prospects of 3D printing guide templates in 

orthopaedics. Journal of Orthopaedic Translation. 2022; 35: 22–41. https://doi.org/10.1016/j.jot.2022.03.001. 
15.	 Nasri E, Reith JD. Aneurysmal bone cyst: a review. Journal of Pathology and Translational Medicine. 2023; 3(57): 81–87.
16.	 Gering DT, Nabavi A, Kikinis R,  Hata N, O'Donnell LJ, Grimson WEL, Jolesz FA,  Black PM, Wells WM. An Integrated Visualization 

System for Surgical Planning and Guidance Using Image Fusion and an Open MR. Journal of Magnetic Resonance Imaging. 2010; 
13(6): 967–975. https://doi.org/10.1002/jmri.1139.

17.	 Wixted CM, Peterson JR, Kadakia RJ, Adams SB. Three-dimensional Printing in Orthopaedic Surgery: Current Applications and Future 
Developments. JAAOS: Global Research and Reviews. 2021; 5(4): e20.00230-11. https://doi.org/10.5435/JAAOSGlobal-D-20-00230. 

18.	 Wu ZG, Fu J, Wang Z, Li XD, Li J, Pei YJ, Pei GX, Li D, Guo Z, Fan HB. Three-dimensional virtual bone bank system for selecting 
massive bone allograft in orthopaedic oncology. International Orthopaedics. 2015; 39 (6): 1151–1158. https://doi.org/10.1007/s00264-
015-2719-5. 



95
Journal of Clinical Medicine of Kazakhstan: 2024 Volume 21, Issue 6

Introduction
The COVID-19 pandemic, discovered in Wuhan, 

China 2019, has caused widespread concern. Millions 
of people have been infected with the disease, quickly 
spreading globally [1,2]. COVID-19, caused by severe 
acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), primarily affects the respiratory system [3]. The 
disease has severely impacted life's health, social, and 
economic aspects [4,5]. While most individuals recover 
within a few days after experiencing mild symptoms 
such as fever, dry cough, and altered sense of taste and 
smell [6,7], patients with acute symptoms, especially 

those with pre-existing chronic conditions, can develop 
pneumonia and acute respiratory distress syndrome 
within days of contracting COVID-19, leading to 
increased mortality rates [7,8]. Although initial reports 
only linked COVID-19 to pneumonia, accumulating 
data reveals that coagulopathy and intravascular 
coagulation are also common among those infected 
and contribute to the high mortality rate [9,10]. Certain 
groups, including smokers, alcoholics, and those with 
a history of similar illnesses, are more susceptible to 
the disease. Elderly individuals with chronic conditions 
are more vulnerable to COVID-19 than younger, 
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Abstract
The COVID-19 pandemic has affected millions worldwide in recent years. 

However, the epidemic's impact on the residents of the southern Libyan region 
has not been assessed. To investigate the spread of COVID-19 among the 
population, a study was conducted from March to June 2021. The study involved 
146 people, 97 of whom were infected with COVID-19 and 49 were not infected. 
A complete blood count (CBC) and multivariate statistical analysis were used 
to determine the extent of the epidemic's spread in the study area. The CBC 
analysis used China's Tecom Science Corporation, model number TEK-5000. 
The results revealed that males (58.76%) were more affected than females 
(41.24%). The most affected age group was those under 46 (53.6%). The T-test 
analysis showed significant differences (p > 0.01) for each Red blood cell count 
(RBC), Mean corpuscular haemoglobin (MCH), Mean corpuscular haemoglobin 
concentration (MCHC), Red cell distribution width (RDW), Platelet count (PLT), 
White blood cell count (WBC), Platelet count (PLT), and granulocytes (GRA). 
However, the Hematocrit (HCT) was less than the significance level (P < 0.05), 
and there was no significant difference (P > 0.05) for Hemoglobin (HGB), Mean 
corpuscular volume (MCV), Lymphocyte (LYM), and Monocyte (MON) compared 
to the uninfected group. This study indicates that COVID-19 infection significantly 
affects the average values of blood tests, and changes in these values may cause 
complications for patients. Therefore, monitoring these changes in blood values 
is crucial to reducing the death rate among the infected.
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healthier people [8,11]. Moreover, COVID-19 patients who are 
older and have diabetes, cardiovascular disease, or obesity are 
at a higher risk of hospitalization and death compared to those 
without these conditions [12,13]. Furthermore, older COVID-19 
patients with diabetes, cardiovascular disease, or obesity are 
at a higher risk of hospitalization and death compared to those 
without these conditions [12,13]. Laboratory tests, such as a 
Complete Blood Count (CBC), provide crucial information 
about the stage and severity of COVID-19. Studies show that 
COVID-19 patients typically experience changes in red blood 
cells, haemoglobin levels, hematocrit levels, mean corpuscular 
volume, and monocyte and eosinophil levels. The average 
platelet volume is also a prognostic factor for COVID-19 patients 
[14]. Additionally, the concurrent consumption of alcohol and 
smoking is linked to more severe cases of COVID-19. Studies 
by Akman et al. [15] and Shivakumar et al. [16] assess the 
effectiveness of biomarkers from peripheral blood samples 
in diagnosing COVID-19 for patients visiting the emergency 
department. They find no significant difference between the 
positive and negative test groups regarding lymphocyte and 
platelet values (p>0.05). However, another study by Shivakumar 
et al. [16] identifies significant differences between infected 
and uninfected individuals in the neutrophil-to-lymphocyte 
ratio (NLR), platelet count, haemoglobin levels, and leukocyte 
count (p<0.05). The NLR is approximately 1.8 times higher 
in COVID-19 patients who survive than usual, differing from 
the trends observed in uninfected individuals. These findings 
are further supported by [17], who report that critically ill 
COVID-19 patients exhibit considerably higher NLRs than the 
uninfected group. In 2021, Pozdnyakova et al. [18] conducted 
a study investigating the clinical significance of changes in 
numerical peripheral blood parameters in predicting outcomes 
for COVID-19 patients; they also compared these changes 
between critical cases of COVID-19-positive and COVID-19-
negative patients, and the study revealed significant variations 
in the white blood cell counts among all COVID-19 patients, 
which differed depending on the severity of their cases. 

The first case of COVID-19 in Libya was reported on March 
24, 2020. Initially confined to the southern region, the outbreak 
eventually spread to the western and eastern parts of the country. 
Estimates suggest COVID-19 has affected between 390,000 to 
1.3 million people in Libya, accounting for approximately 14 to 
20% of the population [19]. The Coronavirus (COVID-19) has 
spread frighteningly among people, forcing many residents to 
undergo a test to ensure they are not infected. It was necessary to 
find a fast and reliable way to verify this. Therefore, this study 
aimed to use the complete blood analysis (CBC) method to 
determine the possibility of infection with this virus.

Materials and methods

Study area
The study was conducted from March to June 2021 in the 

Al-Shatti region of southwest Libya, approximately 700 km 
south of Tripoli and 60 km north of Sebha. The Al-Shatii district 
is situated between latitudes 23° to 28.5° N and longitudes 10° 
to 16° E, with a population of roughly 100,000 individuals [20]. 
Blood samples for complete blood count (CBC) analysis were 
collected from patients admitted to the isolation centres in Brack 
and Algorda.

Collection of blood samples
This study included 146 patients, with 97 testing positive 

for COVID-19 via PCR and 49 testing negatives at the Brack 
Isolation Centre (BIC) and the filtration centres in Brack, Al-
Qardah, and Al-Disa. The sampling technique is based on the 
procedure commonly used by other researchers; medical staff 
members took blood samples from patients admitted to the 
isolation centres who agreed to be part of this study, while the 
reference blood samples were taken from people who had no 
symptoms of convicted-19. Blood samples were collected using 
test tubes containing EDTA anticoagulant and were subsequently 
analyzed on the same day using a TEK-5000 CBC analyzer from 
Tecom Science Corporation, China.

Statistical Analysis
A multivariate analysis was conducted to examine the 

relationships between various CBC analyses. The Pearson 
correlation coefficient was used to measure the variability between 
the parameters and identify any correlations between them [21]. 
The data was analyzed using multivariate statistical analysis, 
which included descriptive statistics, correlation coefficients, 
and principal component analysis (PCA). Additionally, factor 
analysis, hierarchical cluster analysis (HCA), and T-test analysis 
were performed to compare the haematological parameters of 
infected and uninfected individuals. The analysis was carried out 
using SPSS version 26.

Results

Descriptive analysis
This study included 146 individuals and thoroughly 

examined the connection between infection and blood 
parameters. Out of these, 97 were infected (41.24% female, 
58.76% male) with an average age of 47 years, and 49 were 
uninfected (61.22% female, 38.78% male) with an average age 
of 34 years. The complete blood count (CBC) analysis presented 

Table 1 Descriptive analysis of the CBC for infected and uninfected individuals.

Infected (n =97) Uninfected (n = 49)
Min. Max. Mean Med. S. D CV% Min. Max. Mean Med. S. D CV%

age 4.00 90.00 47.01 46.00 17.58 37.39 9.00 89.00 34.14 28.00 17.24 50.78
HGB (g/dl) 5.30 18.40 12.56 12.90 2.36 18.79 8.80 16.80 13.23 13.40 1.85 13.98
RBC(10^6/µl) 2.04 5.87 4.43 4.43 0.64 10.38 2.89 5.15 4.16 4.20 0.50 12.02
HCT(%) 15.27 50.91 37.38 37.80 5.91 15.81 23.50 45.00 35.35 35.20 4.61 13.04
MCV (fl) 66.30 105.50 85.19 85.60 7.68 9.01 66.70 106.50 85.43 85.50 6.80 7.96
MCH(pg) 18.60 35.30 28.41 28.50 3.12 10.98 19.80 36.90 31.90 32.50 3.52 11.03
MCHC(g/dl) 19.60 41.20 33.23 33.30 2.56 7.70 0.90 42.30 38.26 40.10 6.30 16.47
RDW(%) 10.00 20.90 13.63 13.20 2.16 16.17 11.90 23.30 18.36 19.10 3.24 17.65
PLT(10^³/µl) 57.00 693.00 263.13 244.00 100.98 38.38 110.00 460.00 208.49 206.00 64.18 30.78
WBC(10^³/µl) 1.88 16.70 7.30 6.70 3.28 44.93 2.00 13.10 5.93 5.70 2.00 33.73
LYM(10^³/µl) 0.25 4.50 2.06 1.90 1.01 49.03 0.70 5.80 2.14 2.00 0.89 41.59
MON(10^³/µl) 0.05 2.10 0.51 0.40 0.35 68.63 0.10 1.00 0.40 0.30 0.22 55.0
GRA(10^³/µl) 0.74 15.30 4.76 4.10 3.11 65.37 1.00 6.50 3.37 3.30 1.43 42.43
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in Table 1 indicated notable differences between infected and 
uninfected individuals. Specifically, the levels of red blood 
cells (RBC), hematocrit (HCT), platelets (PLT), white blood 
cells (WBC), monocytes (MON), and granulocytes (GRA) 
were found to be higher in infected individuals compared to 
uninfected ones. Conversely, uninfected individuals exhibited 
higher levels of haemoglobin (HGB), mean corpuscular 
volume (MCV), mean corpuscular haemoglobin (MCH), mean 
corpuscular haemoglobin concentration (MCHC), red cell 
distribution width (RDW), and lymphocytes (LYM) than their 
infected counterparts.

Furthermore, the platelet count (PLT) displayed a high 
standard deviation, particularly within the infected group. It is 
noteworthy that the coefficient of variation (CV%) for variables 
such as haemoglobin (HGB), red blood cells (RBC), hematocrit 
(HCT), mean corpuscular volume (MCV), mean corpuscular 
haemoglobin (MCH), mean corpuscular haemoglobin 
concentration (MCHC), and red cell distribution width (RDW) 
indicates a symmetrical distribution of these variables.

The degree of variation in CV values can be classified as 
follows: low (<10%), moderate (10% to 20%), high (20% to 
30%), and very high (>30%). Typically, CV values range from 
5% to 50%, with values below 1% rare. Variables with a CV% 
lower than 20% indicate a symmetrical distribution [22]. When 
the CV% values are low, the mean values align with the median, 
indicating homogeneity in the collected specimens [23].

Multivariate statistical analysis
Correlation analysis
Table 2 presents the results of the Pearson correlation 

coefficient analysis conducted on CBC and the age of infected 
individuals. The study reveals a strong positive correlation 
between HGB, RBC, HCT, MCV, MCH, and MCHC (r=0.701, 
0.919, 0.494, 0.595, and 0.408), respectively. Additionally, there 
is also a strong positive correlation between RBC and HCT 
(r=0.773), HCT and MCV and MCH (r=0.527 and 0.493), MCV 
and MCH (r=0.786), MCH and MCHC (r=0.538), PLT and 
WBC, MON, GRA (r=0.403, 0.492, and 0.302, respectively), 
WBC, MON, and GRA (r=0.383 and 0.919, respectively), and 
MON and GRA (r=0.269).

Table 2 Correlation analysis of infected and uninfected people 

HGB RBC HCT MCV MCH MCHC RDW PLT WBC LYM MON GRA

In
fe

ct
ed

 (n
=9

7)

HGB 1
RBC 0.701** 1
HCT 0.919** 0.773** 1
MCV 0.494** -0.056 0.527** 1
MCH 0.595** 0.022 0.493** 0.786** 1
MCHC 0.408** 0.035 0.176 0.222* 0.538** 1
RDW -0.289** -0.078 -0.303** -0.348** -0.294** -0.229* 1
PLT -0.151 -0.171 -0.222* -0.047 -0.132 -0.031 0.223* 1
WBC -0.104 -0.121 -0.101 0.078 -0.067 -0.073 0.129 0.403** 1
LYM 0.022 0.170 0.086 -0.139 -0.141 -0.153 0.090 0.186 0.162 1
MON 0.077 -0.004 0.063 0.203* 0.015 -0.060 0.139 0.492** 0.383** 0.122 1
GRA -0.107 -0.209* -0.124 0.105 -0.026 -0.020 0.071 0.302** 0.919** -0.118 0.269** 1

Un
in

fe
ct

ed
 (n

=4
9)

HGB 1
RBC 0.596** 1
HCT 0.861** 0.807** 1
MCV 0.406** -0.258 0.343* 1
MCH 0.571** -0.313* 0.202 0.760** 1
MCHC 0.391** -0.193 0.009 0.249 0.652** 1
RDW -0.043 -0.419** -0.440** -0.103 0.362* 0.419** 1
PLT -0.074 0.368** 0.217 -0.221 -0.455** -0.493** -0.466** 1
WBC -0.048 0.306* 0.072 -0.376** -0.392** -0.145 -0.250 0.147 1
LYM 0.176 0.356* 0.186 -0.305* -0.171 0.140 -0.128 0.075 0.705** 1
MON -0.186 0.362* 0.074 -0.430** -0.572** -0.498** -0.396** 0.573** 0.630** 0.464** 1
GRA -0.184 0.135 -0.064 -0.302* -0.379** -0.219 0-.200 0.099 0.881** 0.308* 0.462** 1

Component

Initial Eigenvalues Extraction Sums of Squared Loadings Rotation Sums of Squared Loadings

Total
% of 
Variance Cumulative % Total

% of 
Variance Cumulative % Total

% of 
Variance Cumulative %

HGB 3.647 30.388 30.388 3.647 30.388 30.388 2.688 22.402 22.402
RBC 2.443 20.362 50.750 2.443 20.362 50.750 2.554 21.281 43.683
HCT 1.751 14.592 65.341 1.751 14.592 65.341 1.989 16.576 60.259
MCV 1.065 8.876 74.218 1.065 8.876 74.218 1.675 13.958 74.218
MCH 0.876 7.303 81.520
MCHC 0.833 6.939 88.459
RDW 0.695 5.789 94.248
PLT 0.428 3.565 97.813
WBC 0.125 1.044 98.857
LYM 0.085 0.712 99.569
MON 0.036 0.297 99.867
GRA 0.016 0.133 100.000
Extraction Method: Principal Component Analysis.

Table 3 Principle component analysis for infected people.
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Component

Initial Eigenvalues Extraction Sums of Squared Loadings Rotation Sums of Squared Loadings

Total
% of 
Variance Cumulative % Total

% of 
Variance Cumulative % Total

% of 
Variance Cumulative %

1 4.310 35.919 35.919 4.310 35.919 35.919 2.827 23.556 23.556
2 2.917 24.308 60.226 2.917 24.308 60.226 2.771 23.091 46.646
3 1.857 15.472 75.698 1.857 15.472 75.698 2.662 22.179 68.826
4 1.042 8.682 84.381 1.042 8.682 84.381 1.867 15.555 84.381
5 0.674 5.618 89.999
6 0.513 4.275 94.275
7 0.381 3.171 97.446
8 0.210 1.754 99.199
9 0.083 0.690 99.889
10 0.007 0.057 99.946
11 0.004 0.035 99.981
12 0.002 0.019 100.000
Extraction Method: Principal Component Analysis.

Table 5 Principle component analysis for uninfected people.

The analysis also shows a high negative correlation 
between HBC and RDW (r=-0.289), HCT and RDW and PLT 
(r=0.303 and -0.222, respectively), MCV and RDW (r=0.348), 
MCH and RDW (r=-0.294), and a positive correlation between 
RDW and PLT (r=0.223), GRA and Age (r=0.205). Furthermore, 
there is a negative correlation between RBC and GRA (r=-
0.209), HCT and PLT (r=-0.222), MCH and RDW (r=-0.294), 
and MCHC and RDW (r=-0.229). In uninfected individuals, 
a strong positive correlation exists between HGB and RBC, 
HCT, MCV, MCH, and MCHC with correlation coefficients of 
0.596, 0.861, 0.406, 0.571, and 0.391, respectively. Similarly, 
there is a positive correlation between RBC and HCT, PLT 
with correlation coefficients of 0.807 and 0.368, respectively. 
Additionally, MCV is positively correlated with MCH (r=0.760), 
MCH is positively correlated with MCHC (r=0.652), and MCHC 
is positively correlated with RDW (r=0.419). There is also a 
positive correlation between PLT and MON (r=0.573), and 
WBC is positively correlated with LYM, MON, and GRA with 
correlation coefficients of 0.705, 0.630, and 0.881, respectively. 

Component

1 2 3 4

MCH 0.910 0.158 -0.039 -0.022

MCV 0.840 0.154 0.139 0.063

MCHC 0.639 0.005 -0.091 -0.053

RDW -0.437 -0.165 -0.006 0.370

RBC -0.129 0.940 -0.096 -.036

HCT 0.397 0.893 -0.024 -0.037

HGB 0.522 0.808 -0.044 0.000

GRA 0.020 -0.115 0.977 0.067

WBC -0.063 -0.019 0.924 0.289

PLT -0.025 -0.209 0.227 0.777

MON 0.135 0.043 0.263 0.753

LYM -0.291 0.292 -0.141 0.520

Extraction Method: Principal Component Analysis.
Rotation Method: Varimax with Kaiser Normalization.

Rotation converged in 6 iterations.

Table 4 Rotated Component Matrix for infected people.

Furthermore, 13 LYM is positively correlated with 
MON (r=0.464), and MON is positively correlated with GRA 
(r=0.462). On the other hand, there is a high negative correlation 
between RBC and RDW (r=-0.419), HCT and RDW (r=-0.440), 
MCV and WBC, and MON with correlation coefficients of 
-0.376 and -0.430, respectively. Additionally, MCH is negatively 
correlated with PLT, WBC, MON, and GRA with correlation 
coefficients of -0.455, -0.392, -0.572, and -0.397, respectively. 
MCHC is negatively correlated with PLT and MON with 
correlation coefficients of -0.493 and -0.498, respectively. 
Moreover, RDW negatively correlates with PLT and MON, 
with correlation coefficients of -0.466 and -0.396, respectively. 
In addition, there is a positive correlation between RBC, LYM 
and MON, with correlation coefficients of 0.356 and 0.362, 
respectively. Furthermore, MCH is positively correlated with 
RDW (r=0.362), and LYM is positively correlated with GRA 
(r=0.308). Conversely, there is a negative correlation between 
RBC and MCV (r=-0.313) and MCV and GRA (r=-0.302).

Principle Component Analysis (PCA)
The dataset was analyzed using principal component 

analysis to uncover any hidden patterns. The study revealed 
four eigenvalues greater than 1.00 before and after rotation. 
By reducing the initial dimension of the COVID-19-infected 
individual dataset, four components - PC1, PC2, PC3, and PC4 - 
were obtained, which account for 74.218% of the data variation. 
Table 3 displays the initial component matrix, with PC1, PC2, 
PC3, and PC4 explaining 30.388%, 20.362%, 14.592%, and 
8.876% of the total variance, respectively. The dataset structure 
was examined by analyzing the loadings of components and 
rotated components in Table 4. The loading plots of the rotated 
components and data groups offered a more transparent and 
more readily understandable view of the results. PC1 exhibited 
the maximum MCH, MCV, MCH, and RDW loading in negative 
values, while PC2 showed loading by RBC, HCT, and HGB. 
PC3 had loading by GRA and WBC, and PC4 with PLT, MON, 
and LYM.

The initial dimension of the uninfected dataset was also 
reduced, with four components explaining 84.381% (Table 5). 
PC1 explained 35.919% and was loaded with MCHC, PLT, 
RDW, and MON. PC2 explained 24.308% and had loaded with 
HCT, HGB, and RBC. 
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Table 6 Rotated Component Matrix for uninfected 
people

Component

1 2 3 4

MCHC 0.842 0.180 -0.016 0.150

PLT -0.747 0.194 0.007 -0.209

RDW 0.746 -0.278 -0.214 -0.259

MON -0.561 0.077 0.548 -0.326

HCT -0.189 0.935 0.017 0.253

HGB 0.272 0.899 -0.046 0.273

RBC -0.316 0.847 0.158 -0.306

WBC -0.118 0.069 0.973 -0.156

GRA -0.186 -0.164 0.870 0.006

LYM 0.160 0.352 0.688 -0.319

MCV 0.117 0.147 -0.232 0.922

MCH 0.626 0.202 -0.235 0.646

Extraction Method: Principal Component Analysis. 
 Rotation Method: Varimax with Kaiser Normalization.

Rotation converged in 6 iterations.

PC3 explained 15.472% and was loaded with WBC, GRA, 
and LYM, while PC4 explained 8.682% and was loaded with 
MCV and MCH. The results highlight the differences between 
the PCA of CBC and the age of infected and uninfected people, 
which we attribute to the COVID-19 pandemic.

Cluster analysis 
The clustering method involves identifying segments 

within a dataset and assigning each observation to a specific 
cluster. The aim is to minimize variation within a dendrogram 
(24). Two dendrogram clusters were identified, representing 
infected and uninfected individuals. For infected individuals 
(Figure 1), cluster A was further divided into two sub-clusters: 
sub-cluster A1 included HGB-HCT and RBC, while sub-cluster 
A2 consisted of MCV, MCH, and MCHC. Likewise, cluster 
B was subdivided into three smaller clusters: B1(i) contained 
WBC and GRA, B1(ii) included RDW, and B1(iii) comprised 
PLT-MON. The variables within each cluster were found to be 
comparable and correlated. Sub-cluster B2 contained the LYM 
variable. For uninfected individuals, the hierarchical clustering 
revealed two main clusters (Figure 2), A and B. Cluster A was 
divided into two sub-clusters: A1 included WBC-GRA, LYM, 
and PLT-MON, while A2 contained HGB-HCT and RBC. Cluster 
B was split into two sub-clusters: MCV-MCH and MCHC, while 
the other contained only RDW.

Independent samples T-test
In Table 7, the results of a T-test show that individuals 

infected with COVID-19 have similar levels of HGB, MCV, 
LYM, and MON as uninfected individuals. The probability 
value is higher than the significance level of 0.05, indicating no 
significant differences in these parameters. However, levels of 
HCT, RBC, MCHC, MCH, RDW, PLT, WBC, and GRA differ 
significantly, with probability values lower than the significance 
level of 0.05.

Discussion
This study found that the majority of COVID-19 cases 

were among males (58.76%) with an average age of 47. In 
contrast, another study reported an equal ratio of male-to-female 
infection [25], possibly because males are more susceptible to 
COVID-19 infection than females, possibly because of biological 
differences in the immune system and genetic factors [26, 27]. 
Additionally, lifestyle factors such as smoking, drinking alcohol, 
and not following recommended social distancing regulations 
contribute to the higher infection rate in males [28]. On the other 
hand, females have been reported to behave more responsibly 
towards the COVID-19 crisis than men [26], which is consistent 
with other studies [28-30].

The study also found differences between infected and 
uninfected individuals through cluster analysis. Grouping of 
HGB-HCT in one cluster was acceptable since HGB and RBC 
are used to calculate HCT [31, 32], which could be attributed to 
the significant impact of COVID-19 on HGB, HCT, and RBC 
[33]. COVID-19 can lead to respiratory distress, affecting the 
blood's oxygen-carrying capacity and leading to hypoxia [34]. 
It may also directly infect bone marrow elements, resulting in 
abnormal hematopoiesis or triggering an autoimmune response 
against blood cells [35]. The second variable affected by 
COVID-19 was WBCs, which could be attributed to various 
factors, including an induced inflammatory response, immune 
system activation, and direct infection of immune cells, leading 

Figure 1 –  Cluster analysis of individuals with COVID-19

Figure 2 –  Cluster analysis of uninfected individuals with 
COVID-19
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to changes in WBC levels, including MON and LYM, causing 
their dysfunction [36]. T-test analysis showed higher RBC and 
HCT levels in infected patients compared to MCH and MCHC 
levels in uninfected patients. Previous studies [29, 37] have 
reported significantly lower RBC levels in severely ill patients. 
Similarly, Berzuini et al. [38] have reported a decline in RBC 
among COVID-19 patients, while Mei et al. (2020) [39] found 
considerably lower RBC, HGB, and HCT levels in severe cases. 
The results of our study show that the average HGB level is 
within the normal range, which differs from other studies. It has 
been suggested that COVID-19 patients have higher levels of 
HGB than uninfected individuals, possibly due to factors such 
as smoking and chronic diseases that were not excluded from 
the study by Usul et al. [17]. The average MCV values did not 
significantly differ between the two groups. Still, there was a 
notable decrease in the average RDW value among COVID-19 
patients compared to uninfected individuals, contradicting 
previous studies [29, 40]. Additionally, it was reported that the 
morphological parameters of RDW were significantly higher in 
patients with severe COVID-19 [41]. The results also indicated a 
significant increase in the overall white blood cell (WBC) count 
in COVID-19 patients. On the other hand, other studies suggest 
that specific changes in blood cells can help diagnose and 
predict the progression of COVID-19 in patients infected with 
SARS-CoV-2 [29, 42]. COVID-19-positive patients have higher 
rates of anaemia and thrombocytopenia compared to those who 
test negative [43]. The results showed no significant difference 
in lymphocyte (LYM) levels between the two groups. Still, 
lymphopenia is commonly observed in COVID-19 patients [18, 
44, 45] and is often associated with the severity of COVID-19 
infection [46], which is consistent with findings reported by 
[29]. The results also demonstrated a significant increase in 
platelet (PLT) levels for the infected group, contrasting with 
previous reports. The monocyte (MON) count did not show a 
significant difference between the two groups, contradicting 
previous reports which indicated a substantial reduction in 
monocyte counts in COVID-19 patients [47]. Monocytes 
typically migrate to infection sites to combat pathogens, which 
can further decrease their blood levels [48]. In severe cases of 
COVID-19, the number of monocytes in the bloodstream may 
decline even more. Patients with severe symptoms have been 
found to have lower monocyte levels compared to those with 
milder symptoms, suggesting a potential role for monocytes in 
the progression of the disease [45, 48]. The immune system's 
response to the virus can lead to immune fatigue and monocyte 
exhaustion [49].

Moreover, COVID-19 can trigger a cytokine storm, an 
excessive immune response that damages healthy tissues, leading 
to monocyte death and reduced blood levels [49]. Increased 
granulocyte (GRA) in COVID-19 patients indicates severe 
respiratory tract infections and potential central nervous system 

involvement. Conversely, recovered patients may exhibit lower 
GRA levels, possibly due to decreased immunological activity 
[35]. Furthermore, COVID-19 infection can cause variations in 
GRA, leading to changes in blood test results [50].

Conclusion
The study used various statistical analysis techniques such 

as correlation coefficient, principal component analysis, cluster 
analysis, and T-test to distinguish between the Complete Blood 
Count (CBC) profiles of COVID-19-infected and uninfected 
individuals. The findings suggest that CBC analysis is valuable 
for diagnosing infection and assessing disease severity. 
Regular CBC monitoring is essential for observing changes 
in COVID-19 patients, potentially reducing the mortality rate. 
A CBC test can quickly determine disease severity when RT-
PCR testing or trained medical personnel are unavailable. The 
results indicate that COVID-19 significantly impacts the health 
of those infected, with older individuals being the most affected 
and men showing greater susceptibility to the disease than 
women. Complications such as increased red blood cell count 
and hematocrit concentration can present patient problems, 
while elevated platelet numbers may lead to blood clots. 
Consequently, the study supports CBC analysis as a reliable 
method for predicting COVID-19 infection and determining its 
severity.
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Introduction
Cancer encompasses a variety of diseases 

characterized by uncontrolled cell growth, varying by 
bodily location and clinical presentation. As per the 
2022 global cancer report by the International Agency 
for Research on Cancer (IARC) under the World Health 
Organization (WHO), an estimated 20 million new 
cancer diagnoses and 9.7 million fatalities occurred 
globally. Gynecological cancers make up about 15% 
of all cancer cases and 10% of cancer-related deaths, 
representing a substantial cause of illness and death 
in women, second only to breast cancer. Worldwide, 
the most prevalent cancers in women are breast, lung, 

colorectal, and cervical cancers; in Turkey, cervical 
cancer ranks among the top five [1]. Data from the 2020 
"Turkey Cancer Statistics" report indicate that among 
the ten most common cancers in Turkish women are 
gynecological cancers, including cervical and ovarian 
cancers [2, 3]. Gynecological cancers are prominent 
in terms of both mortality and incidence, highlighting 
the necessity of heightened awareness and proactive 
screening attitudes to reduce their impact on women’s 
health [4, 5].

In Turkey, national-level screenings are conducted 
for breast, colorectal, and cervical cancer types, as 
recommended by the WHO [6]. Among gynecological 
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cancers, cervical cancer, which is screened at the national level, 
is the fourth leading cause of death among women worldwide. 
In Turkey, cervical cancer screening is conducted using Human 
Papilloma Virus (HPV) and Pap smear tests. The WHO 
highlights that cervical cancer, despite being a significant risk, is 
a "preventable cause of death." Therefore, worldwide screening 
for cervical cancer is recommended [7–9]. Early diagnosis, 
awareness and taking preventive measures for gynecological 
cancers are of great importance in reducing mortality rates due to 
these cancers [10]. Low cancer awareness is a risk factor for late 
diagnosis, and therefore, women's awareness of gynecological 
cancers should be increased. Women with heightened awareness 
are more likely to have a positive attitude toward cancer 
screening tests and take preventive measures in a timely manner, 
thereby reducing the risk of cancer occurrence [11, 12].

For cancer screening programs to be effective, there is a 
need for societal awareness and a positive attitude toward cancer 
screenings. Continuously raising awareness through education 
and planning to foster positive attitudes and behaviors toward 
cancer screenings should be among the primary objectives for 
community-based screenings [13–15].

The unique aspect of this study is that, while previous 
research has separately examined gynecological cancer 
awareness and attitudes toward cancer screenings, no study has 
simultaneously assessed both aspects. 

Based on these reasons, the aim of this research is to 
determine the gynecological cancer awareness and attitudes 
toward cancer screenings among women aged 20–65.

Research Questions
The research questions in our study were as follows: 
1.	 What is the awareness of gynaecological cancer and 

attitudes towards screening among women aged 20-65?
2.	 What is the awareness of gynaecological cancer and 

attitudes towards screening among women aged 20-65 according 
to their socio-demographic characteristics?

3.	 Is there an association between cervical cancer 
awareness and attitudes towards screening among women aged 
20-65?

Materials and Methods

Study Design and Sample 
This research was designed as descriptive and correlational.

Study Location and Duration
The study took place from May 2024 to July 2024 in the 

gynecology and obstetrics department of a teaching and research 
hospital in a provincial center.

Study Population and Sample 
The study population included female patients admitted to 

the gynecology and obstetrics department of the specified hospital 
(N=5504). In determining the sample, 95% confidence interval 
was used. The sample size was calculated using the formula for 
a known population, and the stratified random sampling method, 
specifically "Neyman Allocation," was utilized. This resulted in 
a final sample of 272 patients.

Women were included in the study if they voluntarily 
consented, were hospitalized in the gynecology and obstetrics 
unit, were married, aged between 20 and 65, were at least literate, 
had no gynecological cancer diagnosis, and had no cognitive, 
visual, or orthopedic limitations that would hinder completion 
of the data collection forms.

Data Collection Instruments
Data were gathered using the "Patient Information Form," 

the "Gynecological Cancer Awareness Scale" (GCAS), and the 
"Attitude Towards Cancer Screenings Scale".

Patient Information Form
This form, crafted by the researchers with reference to 

existing literature [11,13,16-18], consists of 14 questions that 
capture sociodemographic data (age, marital status, residence, 
education level, occupation, income, exercise habits) and health-
related details (smoking and alcohol use, history of cancer 
diagnosis, and family history of cancer).

Gynecological Cancer Awareness Scale (GCAS)
Developed by Dal and Ertem, this scale measures 

gynecological cancer awareness among married women aged 
20-65 [17]. The scale’s Turkish version was validated and found 
reliable by the original authors. Comprising 41 items across 
four subscales, it utilizes a five-point Likert scale, with scores 
ranging from 41 to 205. Items 20-41 of the GCAS constitute the 
sub-dimension of ‘Awareness of Routine Control and Serious 
Disease Perception in Gynaecological Cancers’; items 3-11 
constitute the sub-dimension of ‘Awareness of Gynaecological 
Cancer Risks’; items 14-19 constitute the sub-dimension of 
‘Awareness of Gynaecological Cancer Prevention’; and items 
1-2, 12-13 constitute the sub-dimension of ‘Awareness of Early 
Diagnosis and Information in Gynaecological Cancers’. Higher 
scores reflect greater awareness levels. The scale’s Cronbach’s 
alpha was calculated at 0.944, while in this study, it was found 
to be 0.845.

Attitude Towards Cancer Screenings Scale
This scale was created by Yıldırım Öztürk and colleagues 

[18], with validation and reliability confirmed in Turkish by the 
original team. The scale contains 24 items in a single dimension, 
also using a five-point Likert scale, yielding scores from 24 
to 120. Scores closer to 24 suggest a negative attitude toward 
cancer screenings, whereas scores nearer to 120 indicate a 
positive outlook. Its Cronbach’s alpha was calculated at 0.957, 
and in this study, it was found to be 0.953.

Data Collection 
The researcher administered the forms face-to-face, 

explaining the study’s objectives and detailing the forms. Each 
session lasted about 20 minutes per participant.

Data Analysis 
Data analysis was performed using IBM SPSS Statistics 

23. The normality of the data distribution was examined, and 
parametric tests were employed accordingly. The conformity 
of the data to a normal distribution was assessed on the basis 
of skewness and kurtosis values. The presence of skewness and 
kurtosis values within certain limits indicates that the data follow 
a normal distribution. In this context, the ranges of -1.5 to +1.5 
suggested by Tabachnick and Fidell (2007) are commonly used 
reference intervals. In this study, these criteria were also used 
to assess the normal distribution. Frequency distributions were 
used for categorical variables, and descriptive statistics (mean, 
standard deviation, minimum, and maximum) were calculated 
for numerical variables. To assess differences in two-category 
variables, the "independent t-test" was applied, while "one-way 
analysis of variance" (ANOVA) was used for variables with more 
than two categories. Homogeneity of variances was checked with 
Levene’s test, and post-hoc tests (Bonferroni or Tamhane’s T2) 
were applied to explore group differences. Pearson correlation 
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analysis assessed relationships between numerical variables, and 
reliability of the scales was evaluated using Cronbach’s alpha.

Ethical Considerations 
Institutional approval was obtained from the training 

and research hospital before the study commenced. Ethical 
approval was also secured from the affiliated university’s Non-
Interventional Clinical Research Ethics Committee (24.05.2024-
E-71522473-050.04-364032-145). Permissions were granted 
by the original authors for the scales used in data collection. 
Participants were informed about the study’s aims, assured of 
data confidentiality, and provided with an "Informed Voluntary 
Consent Form" to document their consent. The research adhered 
to ethical principles, including "Informed Voluntary Consent, 
Confidentiality, Respect for Privacy and Autonomy," and 
followed the Declaration of Helsinki.

Results 
The participants' mean age was 29.00±5.942. Findings 

revealed that 94.5% were married, 79.4% were housewives, 
58.5% did not exercise regularly, 96% had no prior education 
on gynecological cancers, and 90.1% had not undergone cancer 
screenings (Table 1).

Table 1 Distribution of Sociodemographic 
Characteristics of Women (n=272)

*Participants selected more than one option

Variables Min.-Max. Mean.±SD
Age (years) 20-51 29.00±5.942

n %
Marital status Married 257 94,5

Single 15 5,5
Place of residence Village 53 19,5

Town 108 39,7
County 111 40,8

Educational 
background

Illiterate 6 2,2
Primary 28 10,3
Secondary 145 53,3
Higher education 70 25,7
Graduate 23 8,5

Employment status Civil servant 15 5,5
Worker 22 8,1
Retired 3 1,1
Housewife 216 79,4
Unemployed 4 1,5
Other 12 4,4

Exercise regularly Doing 113 41,5
It doesn't 159 58,5

Income level Income is lower 
than expense 63 23,2

Income equals 
expense 169 62,1

Income is higher 
than expense 40 14,7

Alcohol Using 3 1,1
Doesn't use 269 98,9

Cigarette Using 49 18,0
Doesn't use 223 82,0

The presence of 
cancer

Yes 2 0,7
No 270 99,3

Presence of cancer 
in the family or 
environment

Yes 105 38,6
No 167 61,4

Previous 
gynecological 
cancer education

Yes 11 4,0
No 261 96,0

Previous cancer 
screening

Yes 27 9,9
No 245 90,1

Total 272 100

The Cronbach’s alpha value for the Attitude Towards 
Cancer Screenings Scale was calculated as 0.845, with a mean 
score of 93.18±15.151. For the Gynecological Cancer Awareness 
Scale (GCAS), the Cronbach's alpha values and mean scores for 
each subscale were as follows: the "Awareness of Routine Check-
ups and Perception of Serious Illness in Gynecological Cancers" 
subscale had a mean score of 80.92±17.266; "Awareness of 
Gynecological Cancer Risks" scored 26.31±5.984; "Awareness 
of Prevention in Gynecological Cancers" scored 20.33±5.276; 
and "Awareness of Early Diagnosis and Knowledge in 
Gynecological Cancers" scored 14.99±4.191. The total scale 
mean was 142.56±26.912 (Table 2).

The mean scores of the Attitude Towards Cancer 
Screenings Scale were compared based on the participants' 
sociodemographic characteristics. The analysis revealed that 
the mean scores of those with higher education (undergraduate 
and graduate degrees), those who were employed, those 
who exercised regularly, those who had previously received 
gynecological cancer education, and those who had undergone 
cancer screenings were statistically significantly higher (p<0.05) 
(Table 3).

The Gynecological Cancer Awareness Scale (GCAS) mean 
scores were compared across participants' sociodemographic 
factors. Analysis indicated that non-smokers scored significantly 
higher in the subscales "awareness of prevention in gynecological 
cancers" and "awareness of early diagnosis and knowledge in 
gynecological cancers," as well as in the overall scale score, 
compared to smokers (p<0.05). Likewise, women who had prior 
education on gynecological cancers scored significantly higher 
in the subscales "awareness of routine check-ups and perception 
of serious illness in gynecological cancers," "awareness of 
prevention in gynecological cancers," and "awareness of early 
diagnosis and knowledge in gynecological cancers," along with 
the total scale score, compared to those without such education 
(p<0.05).

Prior cancer screening was also a significant factor. 
Women who had undergone cancer screenings had significantly 
higher scores across all GCAS subscales and the total scale score 
compared to those who had not (p<0.05) (Table 4).

The relationship between the scales was analyzed, 
revealing a statistically significant positive correlation 
between the Attitude Towards Cancer Screenings Scale and the 
Gynecological Cancer Awareness Scale (GCAS), including its 
subscale and overall scores (Table 5).

Discussion
In this study, which assessed gynecological cancer 

awareness and attitudes toward cancer screenings among women 
hospitalized in the obstetrics and gynecology departments of a 
provincial training and research hospital, the mean Gynecological 
Cancer Awareness Scale (GCAS) score was 142.56±26.912 (As 
the score approaches 120, it reflects a positive attitude towards 
cancer screenings. Therefore, participants’ attitudes towards 
cancer screenings were found to be positive ) and the Attitude 
Towards Cancer Screenings Scale mean score was 93.18±15.151 
(Since higher scores on the scale indicate greater awareness, 
participants’ overall gynecological cancer awareness was above 
average) (Table 2). Given that the possible GCAS scores range 
from 41 to 205 and Attitude Towards Cancer Screenings scores 
range from 24 to 120, the participants demonstrated above-
average awareness of gynecological cancers and positive 
attitudes toward cancer screenings.

The literature supports these findings. Gözüyeşil et al. 
(2020) observed similar results among women registered at a 
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Table 2 The Descriptive Statistics of the Scales

Scale Bottom dimension Cronbach’s alfa Min-Max Mean±SD

Attitude Scale Towards Cancer Screening 0,845 24-120 93.18±15.151

Gynecologic Cancers 
Awareness Scale

1st Sub-Dimension: Routine control and awareness of serious 
disease perception in gynecologic cancers 0,957 22-110 80.92±17.266

Sub-Dimension 2: Awareness of gynecological cancer risks 0,835 9-45 26.31±5.984
3rd Sub-Dimension: Awareness of prevention of gynecological 
cancers 0,805 6-30 20,33±5,276

Sub-Dimension 4: Early diagnosis and information awareness in 
gynecologic cancers 0,853 4-20 14.99±4.191

Total 0,953 41-205 142,56±26,912

Variable n Mean SD t/F p
Marital status Married 257 93,33 15,253 0,694 0,488

Single 15 90,53 13,479
Place of residence Village 53 92,57 16,402 0,353 0,703

Town 108 94,13 14,184
County 111 92,54 15,530

Educational background Primary+illiterate 34 90,26 14,714 4,940 0,008*
Secondary 145 91,34 14,764
Higher education+graduate 93 97,10 15,278

Employment status Working 49 98,71 15,028 2,863 0,005*
Not working 223 91,96 14,938

Exercise regularly Doing 113 95,76 14,396 2,392 0,017*
It doesn't 159 91,34 15,448

Income level Income is lower than expense 63 91,92 15,597 0,316 0,729
Income equals expense 169 93,69 14,428
Income is higher than expense 40 92,98 17,548

Alcohol Using 3 102,67 6,429 1,091 0,276
Doesn't use 269 93,07 15,192

Cigarette Using 49 89,78 15,594 -1,742 0,083
Doesn't use 223 93,92 14,985

The presence of cancer Yes 2 98,50 19,092 0,498 0,619
No 270 93,14 15,156

Presence of cancer in the family or environment Yes 105 93,35 15,507 0,152 0,880
No 167 93,07 14,970

Previous gynecological cancer education Yes 11 105,64 11,066 3,748 0,003*
No 261 92,65 15,090

Previous cancer screening Yes 27 101,26 12,439 2,962 0,003*
No 245 92,29 15,181

Table 3 Comparison of mean scores of the Attitude Scale towards Cancer Screening according to sociodemographic 
characteristics

Parameters

Attitude 
Scale 
Towards 
Cancer 
Screenings

GCAS

Sub-Dimension 
1

Sub-
Dimension 2

Sub-Dimension 
3

Sub 
Dimension 
4

Sum

Attitude Scale Towards Cancer 
Screenings

r 1 ,344* ,169* ,252* ,305* ,356*
p ,001 0,005 ,001 ,001 ,001

GCAS 

*p<0.05

Sub-Dimension 1
r 1 ,311* ,656* ,671* ,944*
p ,001 ,001 ,001 ,001

Sub-Dimension 2
r 1 ,302* ,312* ,529*
p ,001 ,001 ,001

Sub-Dimension 3
r 1 ,665* ,787*
p ,001 ,001

Sub Dimension 4
r ,786*
p ,001

Total
r 1
p

Table 5 Correlation between scales
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family health center, reporting above-average gynecological 
cancer awareness [16]. Tekbaş (2023) found moderate awareness 
among postmenopausal women aged 45-50 [19], while Şenol et 
al. (2021) reported higher awareness levels among reproductive-
age women than among postmenopausal women [20]. The present 
study also suggests that high awareness among participants could 
relate to their predominantly reproductive-age status. Similarly, 

Atlas et al. (2022) found slightly above-average awareness scores 
in a sample of 400 women attending a regional training hospital, 
observing that factors such as age, education, occupation, family 
structure, residence, and alcohol use influenced awareness levels 
[21]. In contrast, this study found no significant effect of marital 
status, education level, employment, regular exercise, income, 
alcohol use, or personal/family cancer diagnosis on awareness. 

Variables n Gynecologic Cancers Awareness Scale
Sub-Dimension 1 Sub-Dimension 2 Sub-Dimension 3 Sub Dimension 4 Sum
Place. SD Place. SD Place. SD Place. SD Place. SD

Marital status Married 257 81,20 17,183 26,45 5,921 20,46 5,277 15,05 4,120 143,15 26,673
Single 15 76,20 18,621 24,00 6,772 18,13 4,912 14,07 5,351 132,40 29,890

t/p 1,090/0,277 1,544/0,124 1,665/0,097 0,880/0,380 1,508/0,133
Place of 
residence

To the village 53 79,66 17,967 28,17 5,320 19,89 5,105 14,70 3,714 142,42 24,401
Town 108 80,35 15,369 25,62 5,853 20,45 4,992 14,96 3,924 141,39 24,376
District 111 82,08 18,700 26,10 6,271 20,42 5,648 15,16 4,658 143,77 30,366

t/p 0,213/0,808 0,223/0,800 0,233/0,793 3,406/0,035*
a<b

0,449/0,639
Difference
Educational 
background

Primary 
education+illiterate

34 77,03 19,847 26,44 6,421 19,32 4,903 14,32 3,983 137,12 30,430

Secondary educationb 145 81,97 15,047 26,01 5,718 20,32 4,918 14,88 3,841 143,19 23,715
Higher 
education+graduatec

93 80,71 19,368 26,73 6,259 20,72 5,915 15,41 4,753 143,57 30,140

F/p 1,141/0,321 0,414/0,661 0,873/0,419 0,941/0,392 0,799/0,451
Employment 
status

Running 49 81,43 21,534 27,73 6,197 20,84 6,209 15,88 5,247 145,88 32,194
Nonoperating 223 80,81 16,236 26,00 5,904 20,22 5,057 14,80 3,909 141,83 25,633

t/p 0,226/0,821 1,846/0,066 0,741/0,460 1,637/0,103 0,953/0,341
Exercise 
regularly

Doing 113 82,34 17,465 26,36 5,435 21,05 5,158 15,49 4,147 145,24 26,537
It doesn't 159 79,92 17,108 26,28 6,361 19,82 5,315 14,64 4,200 140,65 27,098

t/p 1,139/0,256 0,117/0,907 1,912/0,057 1,644/0,101 1,387/0,167
Income level Income is lower than 

expense
63 82,05 16,376 26,56 5,769 19,75 5,013 14,89 3,806 143,24 25,343

Income equals 
expense

169 81,41 16,458 26,17 5,887 20,51 5,218 15,22 4,204 143,30 25,648

Income is higher than 
expense

40 77,10 21,458 26,55 6,809 20,50 5,957 14,20 4,692 138,35 34,010

F/p 1,182/0,308 0,134/0,875 0,502/0,606 0,981/,376 0,572/0,565
Alcohol Using 3 82,67 22,301 26,33 6,110 21,33 6,110 14,67 1,155 145,00 35,553

Doesn't use 269 80,90 17,255 26,31 5,994 20,32 5,278 15,00 4,213 142,53 26,886
t/p 0,176/0,861 0,006/0,995 0,330/0,741 -0,135/0,893 0,158/0,875
Cigarette Using 49 77,20 18,576 25,02 5,750 17,78 4,870 13,35 4,381 133,35 27,449

Doesn't use 223 81,74 16,900 26,60 6,009 20,89 5,205 15,35 4,070 144,58 26,427
t/p -1,671/0,096 -1,675/0,095 -3,838/0,001* -3,083/0,002* -2,676/0,008*
The presence of 
cancer

Yes 2 105,00 2,828 30,00 1,414 24,50 0,707 20,00 0,000 179,50 4,950
No 270 80,74 17,204 26,29 5,997 20,30 5,283 14,96 4,184 142,29 26,821

t/p 1,990/0,048* 0,874/0,383 1,122/0,263 1,702/0,090 1,959/0,051
Presence of 
cancer in 
the family or 
environment

Yes 105 81,59 15,935 27,12 5,513 20,44 4,622 15,38 4,063 144,53 23,498
No 167 80,50 18,088 25,80 6,223 20,26 5,661 14,75 4,263 141,32 28,852

t/p 0,505/0,614 1,780/0,076 0,278/0,781 1,213/0,226 0,959/0,338
Previous 
gynecological 
cancer 
education

Yes 11 92,91 17,260 29,27 9,034 24,45 4,698 17,64 3,107 164,27 28,513
No 261 80,42 17,116 26,19 5,813 20,16 5,236 14,88 4,199 141,64 26,511

t/p Yes 2,370/0,018* 1,681/0,094 2,676/0,008* 2,150/0,032* 2,765/0,006*
Previous cancer 
screening

No 27 85,81 14,537 29,11 6,589 20,78 5,079 16,33 4,715 152,04 21,887
Yes 245 80,38 17,483 26,00 5,846 20,28 5,305 14,84 4,113 141,51 27,246

t/p 1,555/0,121 2,588/0,010* 0,463/0,644 1,758/0,080 1,938/0,054
Sub-Dimension 1 = "Awareness of routine control and serious disease perception in gynecologic cancers", Sub-Dimension 2 = "Awareness of gynecological 
cancer risks", Sub-Dimension 3 = "Awareness of prevention of gynecological cancers", Sub-Dimension 4 = "Early diagnosis and information awareness in 
gynecological cancers"
t=Independent sample t-test, F=Oneway ANOVA, *=p<0.05

Table 4
Comparison of Gynecological Cancer Awareness Scale score and sub-dimension score averages according to 
sociodemographic characteristics
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However, non-smoking, prior gynecological cancer education, 
and undergoing cancer screenings were associated with 
significantly higher awareness levels (p<0.05). Prior education 
on gynecological cancers has been shown to increase screening 
awareness; Al-Amro et al. (2020) also found that education 
increased the likelihood of cervical cancer screening [22]. The 
limited availability of screening tests for gynecological cancers 
outside of cervical cancer emphasizes the need to raise awareness 
about early detection and treatment [23]. Promoting awareness 
will encourage healthy habits, increase interest in educational 
resources, and support participation in appropriate age-related 
screening tests.

When participants’ screening attitudes were analyzed by 
sociodemographic characteristics (Table 3), women with higher 
education levels (undergraduate or graduate), those employed, 
those who exercised regularly, and those who had undergone 
prior gynecological cancer education or screening showed 
both statistically significant (p<0.05) and higher mean scores, 
reflecting more positive attitudes. A higher education level was 
linked to a more positive attitude toward cancer screenings, 
consistent with other studies indicating that both higher education 
(at least a bachelor’s degree) and specific cancer education 
positively influence awareness and attitudes [16, 17, 24]. Studies 
frequently show that higher education correlates with positive 
screening attitudes [15, 25–27]. In line with these findings, Chali 
et al. (2021) observed that those with low or no literacy had 
less positive attitudes and lower screening participation [28]. 
Some research, however, suggests that education level does not 
significantly impact attitudes toward screenings [29, 30].

These findings indicate that individuals with higher 
education levels approach screening with greater awareness, 
demonstrating positive attitudes and a better understanding 
of early cancer diagnosis's importance as education increases. 
Studies show that individuals with higher physical activity 
levels are more likely to participate in various cancer screenings 
[31]. In this study, women who exercised regularly also showed 
more positive screening attitudes, with significant results 
(p<0.05). While some studies confirm that exercise positively 
affects attitudes and awareness of cancer [32], others suggest no 
significant impact of regular exercise on screening attitudes [18].

A significant association was also found between women’s 
screening attitudes and their screening history (p<0.05). Among 
the participants, 27 had undergone cancer screening, while 
245 had not. Those with a screening history scored higher 
(101.26±12.43) compared to those without (92.29±15.18) (Table 
3). Although most participants (n=245) had not been screened, 
they generally had positive attitudes toward screenings. 
Common reasons for not undergoing screenings included 
fear, lack of information on screening locations, insufficient 
knowledge, and perceived irrelevance due to a mean participant 
age of 29.00±5.942. Koç et al. (2023) reported a positive 
correlation between attitudes towards cervical cancer screening 
and willingness to receive the HPV vaccine, suggesting that 
positive attitudes promote healthy lifestyle behaviors [33]. The 
correlation analysis also demonstrated a positive association 
between the Attitude Towards Cancer Screening Scale and the 
GCAS, including all subscale scores (p<0.05) (Table 5). Thus, 
women with greater awareness of gynecological cancers tend 
to have more favorable screening attitudes. Positive attitudes 
toward screenings are crucial for early diagnosis and treatment, 
emphasizing the importance of healthcare providers reaching 
target groups and promoting active participation in screenings. 
Accurate, reliable information can enhance women’s awareness, 
foster positive attitudes, and increase screening participation.

This study’s findings show that education, regular 
exercise, prior information, and screening history positively 
impact gynecological cancer awareness and screening attitudes. 
Actively planned early diagnosis and screening programs, 
community-wide engagement, and timely healthcare referrals 
are vital to reducing cancer incidence and mortality. Addressing 
the community’s information needs and providing reliable, 
comprehensive information on early cancer screening programs 
through healthcare providers can positively impact women’s 
awareness and attitudes toward early gynecological cancer 
detection and treatment. 

Limitations of the Study
This study has certain limitations. Conducted in a single 

center, its findings are not generalizable to the wider population. 
Future research could involve larger sample sizes and multiple 
centers for broader applicability.

Conclusion
Participants exhibited positive attitudes toward cancer 

screenings and above-average awareness of gynecological 
cancers. Higher scores in attitudes were associated with higher 
education, employment, regular exercise, previous gynecological 
cancer education, and past cancer screenings. Additionally, 
non-smoking and prior education on gynecological cancers 
were linked to increased awareness of cancer prevention, early 
diagnosis, and knowledge. Participants who had undergone 
cancer screenings displayed a greater awareness of gynecological 
cancer risks, and a statistically significant positive correlation 
was identified between attitudes and awareness.

Educational programs should aim to increase women’s 
knowledge of risk factors, symptoms, and screening tests for 
gynecological cancers. These programs should be accessible 
and easy to understand, aligned with women’s health needs 
and literacy levels, and conducted regularly. Furthermore, 
integrating technology, such as artificial intelligence and mobile 
applications, into these educational efforts can enhance remote 
learning, supporting improved awareness and attitudes.
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